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AHOTAIIIA

Tumuenro b.1. HeiipomeperkeBi MeTojin aHaJjizy IJaHapHUX 300parKeHb B
cucTeMax aBTOMATU30BAHOIO CKpuHIHTY. — KBaJsidikaliiiiHa HayKoBa npalisd Ha
IIpaBax PYKOIIKCY.

JucepTaliisg Ha 3700yTTs HAYKOBOTO CTYyIEHs JOKTOpa (ijgocodii 3a crerri-
asibricTio 122 — Komi’torepni nayku. — Oj1ecbKnii HalliOHAJbHIH O TeXHITHI T
yuisepcurer MOHY, VYkpaina, Ojeca, 2021.

Y BCTymi 0OTPYHTOBAHO aKTYaJbHICTh YIOCKOHAJEHHS CHCTEM aBTOMATH-
30BAHOTO CKPUHIHTY (BUABJICHHS Ta Kiacudikalil HeTunoBux 06’ eKTiB abo mpo-
1eCiB) TUISIXOM CTBOPEHHST MOJeJiell HabOpiB JIAHUX Ta METOJIB iX reHepariil,
a TaKOXK MOJIeJiell HEHPOHHUX MEpPEXK Ta MeTO/iB 0araro3ajadHoro HaBYaHHsI
3 METOIO IIiJIBUIIEHHSI JIOCTOBIpHOCT] Kiacuikalil Ta cermMeHnTalil 1jaHapHuX
300parkeHb 0e3 miBUIlIeHHST BUTpAT 4acy. BusHadeHo o0’eKT, nmpeamer, 3a/a-
4l 1 METOJU JIOCJIJIPKEHHsI; II0Ka3aHO 3B’ sI30K 3 HAYKOBO-JIOCJIIHUMHI POOOTAMMU;
HaBEJIEHO HAyKOBY HOBU3HY Ta IPAKTUUHE 3HAUYEHHS OJIEP:KAHUX PEe3yJIbTaTiB;
BUCBITJIEHO 0COOMCTUI BHECOK 3J100yBaya.

B nmepiiiomy po3Aaijii jucepraliiiHol podOTH MPOBEIEHO aHaJsi3 1npobJiemM
AHAJIZY TJIAHAPHUX 300paykeHb (fKi He MaloTh BUMIDY TIMOWHM, Ta B SKHUX
MOYKHA 3HEXTYBATH MACIITabOM 00’€KTIB) B CHCTEMaxX aBTOMATH30BAHOTO CKPH-
HIHTY Ha OCHOB1 HeipoMepeKeBUX TEeXHOJIOTIH.

[IpoanamizoBaHo icHYIOUi CHCTEMH aBTOMATU30BAHOTO CKPUHIHTY B IIpeIMe-
THUX 00JIACTSIX MEJUIMHU, METeOPOJIOril Ta BiJjlaJieHOrO 30HJIYBAaHHSI Ta OCO-
OsiMBOCTI X (DYHKI[IOHYBAHHS IIJISIXOM aHaJi3y IJiaHapHUX 300pakenb. [Toka-
3aHO, 1110 e(PeKTUBHICTH POOOTU TAKUX CHCTEM 0OEe3II0CEePE/IHbO 3aJIeXKUTh Bl J10-
CTOBIPpHOCTI KJ1acupiKaliil Ta cerMmeHTallil 300pakeHb, OCKIIbKI XUOHO-IIO3UTHBHI

pe3yabTaTH MOXKYTh IPU3BECTHU J0 IepeIacHOro pearyBaHHsd, a XMOHO-HeraTHBHI



pe3yJIbTaTH - J0 IPOIYCKY HasdBHUX IIPOOJIEM Ta Ii3HBOI'O pearyBaHHSI.

KpiMm Toro, He MEHII BaKJIMBUM (DAKTOPOM, 110 BILIMBAE Ha €PEKTUBHICTD
CKPMHIHI'OBUX CHCTEM € BUTPaTH dacy Ha peaJsii3alllio Ipoliecy HaBYaHHS, 1110 B
CBOIO 4epry IOB’S3aHO 3 {KICTIO TOIEPEe/IHhO CTBOPEHUX HaBYAJIbHUX BUOIPOK
jgannx. Aje, B 3aja9aX CKPUHIATY, OTPUMAHHS JOCTATHHOI KLIHKOCTI JAHUX Ta,
IIPOBEJICHHS SIKICHOT'O aHOTYBaHH: IIPOod eCloHAJIaMU €, SIK IIPABUJIO, 3aTPATHHIM,
a 1HOJIl HEMOXKJIMBUM Uepe3 MaJly KIJbKICTh Ta PIZHAN BUIVIS] HaBYAJLHUX
NPUKJIATIB, CyO €KTUBHICTD Mij Jac (pOPMYBaHHS aHOTAIlili B HabOpax JaHUX.
i pakTOpU HEraTUBHO BILJIMBAIOTH Ha JIOCTOBIPHICTHL Kjacudikaliil Ta cerMeH-
Talil Mpu HaBYaHHI IVIMOMHHUX HEHPOHHUX MEPEXK CTaHJAPTHUMU METOJaMHU.
Jlisi yCyHEeHHSI TaKOro BILIMBY 3allpOIIOHOBAHO IIpU II00YJIOBI MojieJiell KJIacH-
dixarii Ta cermeHTaIll BUPIIIATHY 3a/[a4y HABUAHHS 3 ypaxyBaHHSIM YaCTKOBO-
TTOMUJIKOBUX aHOTAIILA.

[TokazaHo, 1O B TaKuxX yMOBax JIOIiJIbHE BUKOPUCTAHHS TVIMOMHHUX HEN-
POHHUX MepPeK, 9epe3 MOXKJINBICTH aBTOMATH3allll TPOIecy HaBYaHHS Ta 3aCTO-
CyBaHHsI METOJ(IB 0araTo3a/laqHoro HaBYaHHs, SKi IiJBUIIYIOTH JOCTOBIPHICTH
KJtacudikalil Ta cerMeHTalrl.

[IpoBegennit anaJjis HassBHUX MOJIeIeil HaOOPIB JaHUX Ta METO/IB 1X reHepa-
11 HoKa3aB 0OMeKeHiCTh Mojiesieit HabOPIB JlaHuX, siKi O J103BOJIsl/IN (POPMYBATH
JACTKOBO-TIOMUJIKOBI aHOTAIIIT, sIK1 XapaKTepHl JIJis peajibHUX 3a/1a9 aBTOMATH-
30BaHOI'O CKPUHIHTY.

TaxuM YMHOM, BUPINIEHHS BaKJIMBOI HAYKOBO-TIPAKTUIHOI 3aa4il i IBUIIIE-
HHsI JIOCTOBIPHOCTI KJacupiKaIil Ta cermMeHTaliil B 3a/1a4ax aHaJII3y IJIaHAPHUX
300parkeHb JIJIsi CUCTEM aBTOMATU30BAHOTO CKPUHIHIY HIJISXOM Y/JOCKOHAJIEHHS
MoJieJiell HeMPOHHUX MEPeX Ta MeTOJIIB TX DaraTo3a/[auHoro HaB4aHHs, 0CO0JI1-
BO 33 YMOBH YaCTKOBO-IIOMHJIKOBO aHOTOBaHUX JAaHUX HAaBUAJbHOI BUOIPKHU.

Y apyromy po3iji po3pobJieHO MeToJI reHepaliil HabopiB JaHUX JIJId 3a-
Oe3meveHHsT MOXKJJIUBOCTI TECTYBAaHHSI HEHPOHHUX MEperK IIPU HaBUYaHHI 3 BUKO-

PUCTAHHSAM YaCTKOBO-IIOMUJIKOBUX QHOTAIllN Ta 3aIIPOIOHOBAHO HapaMeTPUIHY



dopmagizalio Mojeni Habopy JaHUX i3 YaCTKOBO-IIOMUJIKOBUMHU aHOTAIISMHU,
JK1 XapaKTepHl JJIs peaJibHUX 3a/1a9 aBTOMATU30BAHOTO CKPHUHIHTY.

OCKIIbKY Ojlep2Katis JJOCTOBIPHUX aHOTallil Kiaacudikalil Ta cermenTaliil
JIISI TECTYBaJIbHUX BUOIPOK YaCTO € HEMOXKJIMBUM a0 JIy»Ke 3aTPaTHUM, 3alPO-
MMOHOBAHO BUKOPUCTAHHSI MOJICJIbHUX HAOOPIB JIAHUX JIJIs OIIHKK JIOCTOBIPHOCTI
MoJieJiell Ta MEeTO/IiB HaBUYaHHs IJIMOMHHUX HeHpOoHHUX Mepex. Taki Habopu ja-
HUX JTIAIOTh MOXKJIUBICTDH IIPOBOJUTH HaBUAHH:A Ta TECTYBaHHS B KOHTPOJHOBA-
HAX YMOBaX MLISIXOM IMITYIHOTO JOAABAHHS MOMUJIOK JI0 aHOTAIllil HaBYAJbLHOI
BUOIDKH JIaHUX (sIK [TPABUIIO, TECTOBA BUOIPKA 3aJIMINAETHC 3 JIOCTOBIDHUMH
AHOTAIIISIMMY ).

SamponoroBaHa Mojie/ib Habopy Aanux M Mae HACTYIIHE IpeCcTaBIeHHS:
M e {Xbu Xtex; N7 Simg; Sobj7 Amax; Nobj; P€7 Pd; Se: Sd} (1)

Je Xp - nabip sobpazkenn dony, Xy - nHablp 00’eKTiB, X, - HabIp 300pazkenb
TekcTyp 00’ekTiB, N - KIJIbKICTh 300pakeHb B I'eHEPOBAHOMY HaOOpl JlaHUX,
Simg - PO3MIP TeHEPOBAaHUX 300paKeHb B IMIKCEIAX, Sopj - CEPEJIHI pO3MIp
00’eKTa, B MKCEIIX, Nqp - MAKCHMAJIbHE BIIXUICHHS PO3Mipy 00’€KTa B BiJI-
coTkax, Ny - MakKCUMaJlbHa KIJIbKICThH 00’€KTiB Ha 300pakenHni, P, ta Py -
MOBIPHOCT] 3MEHIIIEHHs Ta 301/IbIIEHHS] MACKK KOXKHOIO 3 00’€KTiB, S, Ta Sy -
JIONyCTUMI MaciiTabu 301IbIeHHs] Ta 3MEHIIIeHHSI MAaCOK BCIX 00’ €KTiB.

OcranHl YoTUpHU IapaMeTPu BBEJICHO Jijis KOHTPOJbOBAHOI'O CTBOPEHHS I10-
MUJIOK B aHOTAIIIX.

CdhopmynboBaHo mepHIinii MyHKT HAYKOBOI HOBM3HU: BIIEpIIE 3aIIPO-
IIOHOBAHO IapaMeTpuuny opmaJizalliio Mojiesi HAbOPy JlaHUX 13 4aCTKOBO-
MOMUJIKOBUMU aHOTAIIAMHU, sIKl XapaKTepHl JJIs peaJbHUuX 3aJla9 aBTOMATH-
30BAHOI'0 CKPHUHIHIY, 1110 JIO3BOJIUJIO PO3POOUTH METOJI I'eHepaliil HaBYaJIbHUX,
TECTOBUX Ta, BaJiIalllifHIX HAOOPIB JAHKX.

Ha ocrHoBi 3ampornonoBanoi mapamerpudnol moje (1) po3pobsieno MeTon

rexepaliil HabopiB JIaHMUX 13 YaCTKOBO-IIOMUJIKOBUMK QHOTAIISMU, sIKIil MICTUTH



HACTYIIHI KPOKHU:
1. Bubparu Bunajxose 300pazkents dpony: xp, ~ Xj
2. Bubparu xinbkicrs 06’extis na 306paxkenui: Noy; ~ U(L, Nop;)
3. [Iposecru ininjasizarnio mackn cermentanii: M = 0 tax o M € RE*Simg*Simg
4. Bukonarn HacCTyIHI KPOKH Ny Pa3iB:
4.1 Bubparu posmipu 06’exkta: s ~ U (Sopj — Amazs Sobj + Dimaz)

4.2 BubpaTtu KoOpnHATH PO3MINIEHHSI 00 €KTa:

if ~ U(O,Simg — 8)
jf ~ U(O,S@mg — S)

) : : o
4.3 Bubparn sobpaxennst ob’ekra Tyr, ~ Xy Ta BLILNOBLIHUE Kiac
Y
ob’exkra crg ~ Yy
4.4 3mianTu po3mip 300parkeHHst 00’eKTa 3a JIOTTOMOTOI0 OLITIHIHHOT 1H-

TEPIOJIATII:

i'fg = Rbilinear(-xfg)

4.5 Bubparu 300parkeHHST TEKCTYPH Loy ~ Xiex

4.6 Momgudikysaru 300pakerHsi 00’€KTa 3a JIOMOMOI0OI0 TEKCTYPH:
Ty =g © Trealiy < iy + 8,77 : Jf + 5]
4.7 Posmicturu 300parkeHHsi 00’eKra Ha 300parkeHH] (PoHYy:
Togliy 2ip + s, Jp 2 Jp 8] = (1= 2pg) 0 g + Ty
4.8 CopmyBaTn MacKy cermMeHTariii oo’ekra;
Moy = x5 > Ogeq

1e Oyeq - mopir 6inapusarnii BuxigHOrO 300pakenns 06’exra. g nabopy gannx

MNIST 0y, = 0.2, ana nabopy nanux FashionMNIST 6., = 0.1.



4.9 MoaudikyBaTu MacKy cerMeHTallil BIJIIIOBIHO /IO HEOOXiTHOIO PiB-
HS TTOMUJIOK:

Iy Mieq @ K525 gxmo pg ~U(0,1) < Py
seqg —

Mseq © K55 gxmo p, ~U(0,1) < P,
KSdXSd _ K'Sex&3 _
Jie MaTPHI Ipa MaTPHUIS A/Ipa epo3il.
4.10 Pozmictutu MomikoBaHy MacKy cermMeHTallii 0b6’eKTa Ha 3arajb-

HOMY 300parkeHHl MACKH CerMeHTallil:
Mlepg,ip i 4,54+ 8] =max {Mcpg,ipcip+ 8,57 I+ 8|, Mseg}

4.11 36epertu 300pazkenus Ty, Ta Macky M

5. 3aBepIInTU TeHepaliio

TakuM YUHOM, YIOCKOHAJIEHO METOJ, reHepaliii HabopiB JAHUX 13 YaCTKOBO-
MOMMJIKOBUMM QHOTAIISIMM Ha OCHOBI NapaMeTPUYHOI MOJIel, 10 3a PaXyHOK
reHepaliil aHoTalliii: 9acTKOBO-TIOMUJIKOBUX JIJIsi TPEHYBaJbHOT BUOIPKHU Ta J0-
CTOBIPHUX - JIJISI TECTOBOI, JaJI0 MOXKJIMBICTb BUKOHYBATH TECTYBaHHS BILJIUBY
piBHSI IIOMKJIOK aHOTAlliii Ha poOOTy HeiipoMeperkKeBUX MEeTO/IIB CerMeHTallil Ta
KJ1acupikaii,

Metoj1 j103BOJIsie orpuMaTu 6e3jiid HAOOPIB JIAHUX 13 CXOXKUMU XapaKTe-
PUCTHKAMHU Ta BUKOPUCTOBYBATH HemapaMeTpuuHi crarucTudni merogm (6yr-
CTPEIIHT) JIJIsT OIHKY MOJie/Ieil B yMOBaxX BiJICYTHOCTI peasibHUX TPEHYBaJIbHUX
nannx. MeTon craHoBUTH APYTUiA MYHKT HayYKOBOI HOBU3HMU.

B TperboMy pO3aiJIi Jucepraliiiiiol poOoTH po3pobIeHO MOJIEIb HeipOoH-
HOI Mepexki Ta MeTo/1, 0araTo3ajaiHoro HaBYaHHs JIj1s OJJHOYACHOT'O 111 IBUIIECHH S
JIocTOBIpHOCTI KJtacuikallil Ta cermenTalii 0e3 3HUKEHHS OIepPaTUBHOCTI.

s peaqizanii MeTojiiB Oararo3a auiHoro HaBYaHHS, 3aIIPOIIOHOBAHO YJI0-
CKOHAJIUTH MOJIeJIb IJIMOMHHUX HEUPOHHOI Mepexki 3 BHKOPUCTaHHSIM apxiTe-
krypu enkojep-jgekogep (UNet, LinkNet) BBemenHsiM J101aTKOBOTO J€KOEpa

3 mapoM HopMauiizaril. TakuM YMHOM, BJIOCKOHAJIEHA, MOJIEb CKJIQJIAETHCS 3



eHKOZIepa Ta JIBOX JICKOJepiB (Jiist 3ajad cerMenTarnii ta Kiacudikarii Bismo-
BIJIHO).

Moiesib 1yMOMHHOT HEAPOHHOT MEpEeXKi IPEJICTaBJICHO HACTYIIHUM BUPA3OM:

V1, V2...Uyp = encoder(xu eenc) (2)
Mseg — Fseg((vla U2---Un)7 9569) (3)
C'cls - Fcls((vn)y gcls) (4)

1€ Ocpe - HaOIp mapaMeTpiB eHkKojepa, s, Ta 0.5 - HabOpH mapameTpiB JeKo-
Jiepis cermenTallil Ta Kjaacudikalil sijnosiino, Fy, ta Fyg - neitiponni mepe-
K1 JIeKojepa cerMenTalil Ta Kiaacudikalil BIAIOBIIHO. 3alpOoHOBaHa MOJEDb
CKJIaJIa€ TPEeTiil MyHKT HAyKOBOI HOBU3HM.

3aB/sIKI BBEJIEHHIO JIOJATKOBOIO JIeKojepa Kiaacudikaliil 3 mapoM HOpMa-
Jizarii, 3’ aBuIacs MOXKJIUBICTL peasizalil MeTo/IiB Oararo3a avHoro HaBIaHHs
JIMOMHHUX HEHPOHHUX MEPEeXx Ta 1epeidadeHHst pe3yJibTaTiB.

3anpornoHoBaHO MeToJ; 0araTo3aJadHOro HaBYaHHs HEHPOHHUX MEpPeXK B
YMOBaX 9aCTKOBO-IIOMUJIKOBAX aHOTAIlll HABYAJBHUX TAHUX, STKWH CIIMPAETHCS
Ha BUKOPHUCTAHHS 3aJa4, OB’ d3aHNX 3 opuriHajbHoo. [lokazano, mo s 3a-
Jladi cerMeHTalll icHye Om3bKa 3ajada Kiaacudikallil, g siKol aHoTalll Ha-
BUYAJbHUX JIAHUX € AKICHIITMMU, HIXK JIJIsT BUXIJTHOI 38141l cerMeHTallll.

Meroj1 bararosa/laaHoro HaBYaHHsT CKJIAIAETHCS 3 JIBOX €TAIllB.

Eran 1: renepariig moxigHol 3ajad4i. B konrekcri Oararosajgadnoro
HABYAHHS, 3a/a49a Kaacuikalil 3BOJIUTHCS JI0 BU3HAUEHHsT HADOPY CErMeHTO-
BaHUX 3pa3kiB (ames. multiple instance learning) ma mianapaomy 300pakeHHi,
3aMiCTh MapKyBaHHs KOYKHOTO 3 00’'€KTiB Jid BCiX KjaciB. IIpu mmpomy anoTra-
I[isl BUXIJIHOI'O ILJIAHAPHOI'O 300ParKeHHs sIBJISIE CODOIO MHOXKHUHY 3 OJHUM, YU
JIeKLJIIBKOMa, BU3HAUYEHUMU 00 €KTaMMU.

Jyist KoxKHOT 3 3aj1a4 (K/aacudikaliist Ta cerMmeHTallii) OKpeMo 00UHCTIOEThCsI

dyukmig srpar. s HaBUaHHS JEKOJepa cerMeHTallil BUKOPUCTOBYEThCsI OOMe-



’KeHa 3BepXy (DYHKIIisA BTpaT Lseg], B TOI Jac sIK JIJIsI JIeKojepa KJacudikaril -
3BuYaiina L., a 3arajbHe 3HaYeHHs (DYHKIIIT BTpaT BU3HAUAECTHCS SIK CEPEJIHE
apudMeTrniHe MiXK 1H/IMBIJlyaJbHUMUA 3HAYCHHSIMMU:

Lseg-‘ + Lcls
2

(5)

Ltotal —

BigmnosijiHo, 3araJbHuii rpaJieHT (pyHKIT BTpaT Oyae TaKOXK CepeHiM apu-

bMETHIHIM TPAIIEHTIB CKIAA0BUX YacTHH V Lgey| 1 V Ly

VLseg_‘ + vLClS

VLtotal - 2 (6)

Takum duHOM, 3a0€311€4yETHCs HASBHICTH HEHYJILOBUX I'PAJIEHTIB JIJ1si OHOB-
JIGHHsI napamerpiB Bij xoda O ojniel GpyHKIIT BTpaT Jjijisd KOXKHOI'O BXIiJHOI'O

IPUKJIAJLY.

Eran 2: BBenennsa obmexkenb. /[ljisi 3MeHIIIEHHs BIUIMBY [TOMUJIKOBOI
qaCTUHM aHOTAIl 3aPONOHOBAHO BBECTH OOMEXKEHHsI JIPyroro pojy (3Bepxy )
J10 (byHKIIIT BTpaT JJIs 332491 cerMeHTallll 3 MEeHII SIKICHUMU aHOTAIISIMI JIaHNX.
Lle mo3BoamIo Ipu HaBUYaHHI Ha JEKIJIbKOX 3aJadaX 3MEHIIUTH BILJINB I'paJli€H-

TiB (DYHKIIIT BTpaT HA NPUKJIAJaX 3 MOMUJKOBUMK aHOTAIlISIMHE:
L] =min(L,0)

Jie 6 - nopir obmerkeHHs: (PyHKIIIT BTpAaT.
Beeneni oOMeXeHHs mpecTaBIeH] HACTYIIHIM BHPA30M:
1, axmo L € (—oo, 0]

Vmin(L,0) =
0, sxmo L € (0, 00)

Meros, 1porHo3yBaHHs MICTUTH HACTYIIHI €Tallu:

Eran 1. Hopmamizamia. Hexait Cys € RY ta My, € ROV pe-
3yJIbTATH JIeKOJIepiB KJacudiKalll Ta cerMeHTallll BiJIIIOBITHO, 3HAUEHHS SIKUX

3HAXOJATHCs Ha IPOMIXKKY (—00,4+00) (s1oriTtn).



st orpumanns pesyabrariB Ha mpoMmixkKy [0, 1] BUKOPHCTOBYETHCs JIOTi-
CTUYHA CUI'MOITHA (PYHKINS aKTHBAIIIL:

o) = —

T lte®

Eran 2. Peropmadgtizamisa. Penopmasizaliis mossirae y 3Ba>KyBaHHI Kap-
TU CerMeHTallil 3a JIONOMOI'OI0 HOPMOBaHUX JIOTITIB KJiacudikaropa. [lepiinm
KPOKOM € TpaHcgOopMaliis JIOrTiB cerMeHTallil Ta Kiaacudikalili B HeKaJiopoBaHi
oninku Ha nmpoMixkky [0, 1]:

Mseg — U(Mseg)

A

C(cls — U(Ccls)

.

i ominku MaroTh Ti cami PO3MIPHOCTI, IO # OPUIiHAJBLHI MackKa Ta KJja-
cH, JIJIsI 3pYYHOCT1 perpe3eHTallll onepariiii JJogaHo JIOJaTKOBl pO3MIPHOCTI JI0
BEKTOPY KJIACIB: Mseg € ROXEXW 19 (), € RO*1x1

3BarkKyBaHHs KAPTH CerMEeHTAIlll BIIOYBAETHCS 3a JOMOMOro0 100yTKy Ama-
Mapa MIXK MaTpPUIISIMU Mseg Ta C’Cls

A

Mrefmed = Mseg O Uels

B ymoBax BijicyTHOCTI pO3MITKHU Jijisi NPUKJIAJIIB B 3aj@4axXx CerMeHTalll,
MOXKJIMBE ITepaTuBHE YTOUHEHHS 1€l po3MITKH. [Ij1s 1bOro 004KMC/IIOETHCs YTO-
YHEeHa KapTa O3HaK KJacuikalll IisaxoM J00yTKy AaMapa MizK HOpMOBAHIM
32 JIOIIOMOTOI0 CUIMOIIHOI (DYHKIIIT BUXOJIOM JIeKOIepa CeIMEeHTAIIil Ta JIoriTaMu
KJ1acupikariil:

Munsup - Mseg O Uels (7)

HaJii, j1j1s1 OTpUMaHHS pe3yJibTaTy KJacudiKallil BAKOHYETbCS CyMallis ejie-
MEHTIB M psyp 3 HOPMAJI3AIIEIO 38 CyMOIO €JIEMEHTIB OPUIIHAJBLHOI HeHOPMa-

JII30BAHOI KapTH JIOKAJII3aIlil:

H 1%
Zh:o szo Munsuz)(h,w)
H W
> h=0 2w—0 Mseg(hw) + €

(8)

Cunsup =
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Ha ocnosi 3anmpononoBanux Mojiesi HefipoOHHOI MepexKi Ta MeTojly 11 HaB4a-
HHsI, pO3p00JIeHO MeTOJ 1, 6araTro3a adHoro nepeadadets. Lle g103Bomio migBu-
IATH JIOCTOBIPHICTD Kitacudikallll Ta cerMeHTalil IjiaHapHux 300pakeHnb 0e3
3HUKEHHSI ONePaTUuBHOCTI.

Ba jronomoroto mogieni (1) mporecroBaHO 3aNpPONOHOBAHI METOJM B PI3HUX
yMOBaX, BUKOHAHNH aHaJIi3 BHECKY OKPEMUX KOMIIOHEHTIB Ta IIPOBEJIEHO aHaJIi3
CTIMKOCTI 3aIIPOIIOHOBAHOIO METOJIY JI0 PI3HUX PIBHIB MOMHUJIOK B aHOTaIigX. B
CepeIHOMY, MiJBHUIEHH KoedimienTa Jlaiica BimHOCHO Da30BOI MOJET CKIAIO0
13%.

CdhopmynroBaHo YeTBEPTUil MYHKT HAYKOBOI HOBU3HU: YOCKOHAJEHO
MeToau 6araro3ajiadHoro HaBYaHHS Ta Iepejg0adeHHs Pe3y/bTaTiB Ha OCHOBI
YJIOCKOHAJIEHOT MOJIeJI BrOPTKOBUX HEUPOHHUX MEPEK IILJISIXOM 00 € THAHHS KJ1a-
cudpikarii Ta cermeHTalil i BBeJE€HHsT OOMEXKEHHsI JIPYTOro pojy (3Bepxy) Tpu
obuncieHHl GpyHKINT BTpaT CerMeHTallil, 1110 JO03BOJIMJIO HiJIBUIUTH JOCTOBID-
HiCThH cermMeHTallil Ta Kjaacudikaliil B 3ajlauax aBTOMATU30BAHOI'O CKPUHIHTY.

Y dyeTBepTOMY PO3IiJIi po3pobJieHl IHCTpyMeHTa IbHI 3aco0u, 110 peaJisy-
I0TH 3aIIPOIIOHOBaH] pitenHs. [IpoBeieHo BUIpoOyBaHHs PO3pOOJIEHOIO METOLY
B paMKaX €KCIEPUMEHTIB K Ha CUHTETUIHHX JIAHUX, 10 OyJIM 3reHepoBaHi 3a
JIOIIOMOI'OI0 3aIIPOIIOHOBAHOT MOJIEJII, & TAaKOXK EKCIEPUMEHTHU B peasibHUX 3a-
Jladax: CKPUHIHD JiiabeTUIHOT PETUHONATIl, CKPUHIHT MeJaHOMMU, Ta CKPUHIHT
XMapHUX YTBOPEHb.

[HCTpYyMeEHTaJIbHI 3ac00u po3pobJieHO MOBOIO IporpaMmyBanas Python 3 Bu-
KopucTaHHaM (dpeiiMBopKy aBroMarndHoro mudepennioBanis PyTorch. Ha
OCHOBI PO3p00JIEHUX IHCTPYMEHTAJbHUX 3aC00IB CTBOPEHO eeKTUBHI ITPOrpaM-
Hi MOJLyJIl, 1K1 IHTEI'POBAHO 3 “XMapHUMU cepBicamMu Jijisi BUPIIIEHHS PECypco-
MICTKHX 3aJiad HaBUYaHHs HEHPOHHUX MepexK, 10 3a0e311euye BUCOKY O0UUCTIO-
BaJIbHY TOTY>KHICTH Ta IIBUJKICTL MPOTHO3YBaHHS B 3aJadaxX aBTOMaTH30Ba-
HOT'O CKPUHIHTY.

st 3aj1a4i aBTOMATU30BAHOI'O CKPUHIHIY 1IpU CerMEHTallll 1aTepHiB opra-
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Hizanil XMap Ha CylyTHHKOBUX 3HIMKax (B pamkax mpoekTy ‘Understanding
Clouds from Satellite Images” na maardopmi Ajasd 3Maraigb 3 HayK PO JIaHi
Kaggle) 0yJi0 BAKOPUCTAHO 3alIPOIOHOBAHT MO/ HEPOHHUX MEPEXK, & TAKOK
METO/IM 1X HaBYaHHs Ta POI'HO3YyBaHHs pe3ysbraris. [lijBuiients jocToBipHO-
cri (mipa [aiica) BigHocHO 6a3oBoT Mojesi ckiaso 3.9%.

st 3a1a41i aBTOMATU30BAHOIO CKPUHIHIY IIPU KJacupikalil cTajiit jgiade-
Tranol peruronarii (B pamkax mpoekty “APTOS 2019 Blindness Detection” na
miardopMi it 3mMaranb 3 Hayk 1po jgani Kaggle) 6yno Bukopucrano 3ampo-
IOHOBaHI MeToJi1 6araTo3a/lauHoro HaBYaHHsl Ta TPOIrHO3YBAHHS PE3yJIbTaTiB.
[Tigpumenns gocrosiprocti (Fl-mipa) BigHocHo 6a3oBoi Mojesi ckiaio 2.1%.

st 3ayadi posnisHaBaHHs ypaXKeHb IMIKIPH [IPU CKPUHIHTY MejgaHoMu (y
pamkax npoekty SIIM-ISIC Melanoma Classification na mirardopmi s 3ma-
raib 3 HayK 1po gani Kaggle) 6yio BUKOPUCTAHO 3ampONOHOBAHMIT JTOKATI3ATIIT
BaXKJIMBUX JIIst KJjlacudikallil o3Hak 300pakeHHsi. BukopucraHHs 3a1poroHo-
BaHOT'O METOJLY JIO3BOJIMJIO CITPOCTUTH MPOIEC KOHTPOJIIO HABUAHHS HEHPOHHUX
MepexK, 110 JOIOMOIJIO MONEePeUTH MepeHaBIaHHsd 1 HIABAIATHA JOCTOBIPHICTD
kiracudikanil na 3.5%.

Pospobsieni B pob0oTi MeTO U Ta, IHCTPYMEHTaJbHI 3aC00M OTPUMAJIHU BIIPO-
Ba KeHHs1 B HaBuasbauii nporec OHITY ta nporpamunit npoaykr SafetyRadar
komranii VITech Lab, ocHoBHuM mnpusnadeHHsiM KOTO € CKPUHIHT HasiBHOCTI
eJIeMeHTiB 3aco0iB 1H/IMBIIYAIHLHOTO 3aXUCTY Ha JIIOJSIX B YMOBaX Oy/IiBEIbHUX

MaliJaHIKMKIB, a00 JIiKapeHb Ta JIabopaTopiii.
Karmwosi caosa: anagiz 300paskeHb, MOJIe/Ib JaHUX, TJIMOMHH]I HEHPOHHI Me-
pexi, bararozajiauHe MalllMHHE HaBYaHHS, CeIMEHTallisd, KJacudikaiis, (pyH-

KITIl BTpAaT.
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ABSTRACT

Tymchenko B.I. Neural Network Methods for Planar Image Analysis —
Qualification scientific work in the form of the manuscript.

Thesis for the PhD degree in specialty 122 ”Computer science” (12 —
Information Technology). — Odessa National Polytechnic University, Ukraine,
Odessa, 2021.

In introduction, the relevance of improving automated screening sys-
tems (screening is defined as detection and classification of atypical objects
or processes) by creating models of datasets and methods for their genera-
tion, as well as models of neural networks and multi-tasking learning methods
to increase the accuracy of classification and segmentation of planar images
without increasing time. The object, subject, tasks and methods of research
are defined; the connection with research works is shown; the scientific nov-
elty and practical significance of the obtained results are given; the personal
contribution of the applicant is covered.

In the first section of the dissertation the analysis of problems of analysis
of planar images (which do not have depth measurement, and in which it is
possible to discard scale of objects) in automated screening systems on the
basis of neural network technologies is carried out.

The existing systems of automated screening in the subject areas of medicine,
meteorology and remote sensing and features of their functioning by analyzing
planar images are analyzed. It is shown that the effectiveness of such systems
directly depends on the accuracy of image classification and segmentation, as
false-positive results can lead to premature response, and false-negative to the
omission of existing problems and late response. In addition, no less impor-

tant factor influencing the effectiveness of screening systems is the time spent
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on the implementation of the educational process, which, in turn, is associ-
ated with the quality of pre-created samples of training data. However, in the
tasks of verifying the receipt of sufficient data and conducting high-quality
annotations by professionals is usually expensive, and sometimes impossible
due to the small number and variety of training examples, subjectivity in
the formation of annotations in data sets. These factors negatively affect
the accuracy of classification and segmentation in the training of deep neural
networks by standard methods. To eliminate such influence, it is proposed to
solve the problem taking into account partially erroneous annotations when
constructing models of classification and segmentation.

It is shown that in such conditions it is expedient to use deep neural
networks, due to the possibility of automating the learning process and the
use of multi-tasking learning that increase the accuracy of classification and
segmentation.

The analysis of the existing models of datasets and methods of their gen-
eration showed the limitations of these models, which would allow to form
partially erroneous annotations, which have characteristic of real automated
screening tasks.

Thus, solving an important scientific and practical problem of increasing
the accuracy of classification and segmentation in the analysis of planar im-
ages for automated screening systems by improving models of neural networks
and methods of their multitasking, especially in terms of partially erroneously
annotated data samples.

In the second section method for generating datasets to enable test-
ing of neural networks in learning using partially erroneous annotations and
proposed a parametric formalization of the data set model with partially
erroneous annotations, which are characteristic of real automated screening
tasks were developed.

Because obtaining reliable classification and segmentation annotations for
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test samples is often impossible or very costly, it is proposed to use model
datasets to assess the reliability of models and methods of learning deep
neural networks. Such datasets make it possible to conduct training and
testing in controlled conditions by artificially adding errors to the annotations
of the training data sample (test samples remains with precise annotations).

Proposed model of datasets M has the following definition:
M e {Xba Xtea:a Na Simga Sobja Ama:m Nobj7 P67 Pda Se; Sd} (9)

where &), - bacground images set, Xy - objects set, X, - object texturing
set, N - number of images in the generated dataset, Sj,, - pixel size of
generated images, S,;; - average size of the objects (pixels), A4, - maximum
deviation of objects size, Ny; - maximum number of objects in the image, F.
and P; - probabilities of mask erosion and dilation for every object, S, and
Sy - kernel sizesfor erosion and dilation.

The last four parameters are introduced for controlled annotation errors.

Formulated first point of scientific novelty: for the first time a para-
metric formalization of the dataset model with partially erroneous annota-
tions, which are characteristic of real problems of automated screening, was
proposed, which allowed the development of a method of generating training,
test and validation data sets.

Based on the proposed parametric model (9), a method for generating
data sets with partly-erroneous annotations has been developed, which con-
tains the following steps:

1. Choose random background: zy, ~ X},

2. Choose number of objects in the image: Ny ~ U(1, Nop;)

3. Initialize the segmentation mask: M = 0 sos M & RCE*Simg*Simg

4. For np; times:

4.1 Sample object size: s ~ U (Sopj — Amaz, Sobj + Dmaz)
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4.2 Sample object coordinates:
if ~ U(O, Simg - 8)

jf ~ U(O,Szmg - S)

4.3 Sample object image x, ~ X and the corresponding object class
Crg ~ Yy
4.4 Resample the image with bilinear interpolation:

-'%fg = Rbilinear(xfg)

4.5 Sample the texture image T, ~ Xjey

4.6 Modify object image with the object texture:
Tfg = Tfg © Teexliy » i + 8,75 2 Jp + 5]
4.7 Place object image into the background image:
Togliy 2ip + s, Jp  Jp 8] = (L= 2pg) 0 g + Ty
4.8 Form the segmentation mask:
Moy = x5 > Ogeq

where 0, - is the source object binarization threshold. For the MNIST
dataset 054 = 0.2, and for FashionMNIST 0., = 0.1.
4.9 Modify the segmentation mask according to the desired error

level:

M Mg @ K505¢iff pg ~U(0,1) < Py
seqg —
Moy © K55 iff p, ~U(0,1) < P,

where K55 _ dilation kernel matrix and K %% - erosion kernel matrix.

4.10 Place modified object mask into the common mask:

Mlepg,ip i+ s,57 4+ 8| =max {Mcpg,iptip+ 8,55 g+ 8|, Msey}
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4.11 Save image xp, and mask M

5. Finish generation

Thus, the method of generating datasets with partially erroneous annota-
tions based on the parametric model was improved, which due to the genera-
tion of annotations: partially erroneous for the training sample and accurate
- for the test, made it possible to test the impact of annotation errors on
neural networks.

The method allows to obtain many data sets with similar characteristics
and to use non-parametric statistical methods (such as bootstrapping) to
evaluate models in the absence of real training data. The method is the
second point of scientific novelty.

In the third section of the dissertation neural network models and meth-
ods of multi-tasking learning were developed to simultaneous increase in ac-
curacy of classification and segmentation without decrease in efficiency.

To implement multi-task learning methods, it is proposed to improve
the models of deep neural networks using the encoder-decoder architectures
(UNet, LinkNet) by introducing an additional decoder with the normalization
layer. Thus, the advanced model consists of an encoder and two decoders (for
segmentation and classification tasks, respectively).

The model of the deep neural network is represented by the following

expression:
U1, 02...Up = encoder(ajn 967’LC> (10)
Mseg = Fseg((vla UQ---Un)a ‘9569) (11)
Ccls = cls((vn)a 96[8) (12)

where 0., - are encoder parameters, 0., and 0, - parameters of encoder
and decoder, respectively, Fy., and Fs - decoder neural networks.

The proposed model is the third point of scientific novelty.
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With the introduction of an additional classification decoder with a nor-
malization layer, it is possible to implement methods of multi-tasking learning
and inference for deep neural networks.

During the practical use of neural network methods in screening tasks, it
is established that partially erroneous annotations of training data prevent
obtaining high accuracy of classification and segmentation.

The method of multi-task learning in the conditions of partially-erroneous
annotations of training data, which is based on use of tasks that are connected
with original task is offered. It is shown that for the segmentation problem
there is a similar classification problem, for which the annotations of training
data are of better quality than for the original segmentation problem.

The proposed method of multi-task learning consists of two stages.

Stage 1. Generating the derivative task. In the context of multi-
task learning, the task of classification is is defined as a multiple instance
learning task, instead of marking each of the objects for all classes. In this
case, the annotation of the original planar image is a set with one or more
objects.

The loss function is calculated separately for each of the tasks (classifica-
tion and segmentation). The top-limited loss function L] is used to train
the segmentation decoder, while the classification decoder uses the normal
L. loss function, and the total value of the loss function is defined as the

arithmetic mean between the individual values:

Lseg—‘ + Lcls
2

Accordingly, the total gradient of the loss function will also be the arith-

Ltotal — ( 1 3)

metic mean of the gradients of the components V L., | and VL

VLseg_‘ + vLcls

VLtotal - 2

(14)
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Thus, the presence of non-zero gradients is provided to update the pa-

rameters from at least one loss function for each input example.

Stage 2. Loss function bounding. To reduce the impact of the
erroneous part of the annotations, it is proposed to introduce a constraint
to the loss function for the segmentation problem with lower quality data
annotations. That allowed to reduce the influence of gradients of the loss
function on examples with erroneous annotations when learning on several
tasks:

L] =min(L,0)

where 6 - loss function threshold.
Thus, the introduced boundaries are represented by the following expres-

sion:

1, iff L € (—o0,0

Vmin(L,0) =
0, iff L € (0,0)

In the absence of markup for examples in segmentation problems, iter-
ative refinement of this markup is possible. To do this, a refined map of
classification features is calculated by the Hadamard product between the
output of the segmentation decoder normalized by the sigmoid function and

the classification logs:

Munsup = Mseg O Uels (15)

Next, to obtain the classification result, the summation of the elements
Mynsup 1s performed with normalization by the sum of the elements of the

original non-normalized localization map:

H W
o =0 2ow—0 Munsup(h,w)
Unsup — H W
D h=0 D —w=0 Miseg(hw) + €

Based on the proposed model of the neural network and the method of

(16)

its training, a method of multi-taski prediction has been developed. This
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allowed to increase the accuracy of classification and segmentation of planar
images without increasing time needed.

Method consistas of the following stages:

Stage 1. Normalization. Let C,, € RY and M.y € REHXW_ogits

of calssification and segmentation decoders, respectively and lie in the interval

(_007 +OO)'
To obtain normalized to the interval [0, 1], sigmoid activation function is
used:
1
€T) =
o () 1+e*

Stage 2. Renormalization. Renormalization is the weighing of a seg-
mentation map using normalized classifier logits. The first step is the trans-
formation of segmentation and classification logs into uncalibrated estimates

between [0, 1]:

~

Mseg - O(Mseg)
CA(cls — U(Ccls)

These estimates have the same dimensions as original segmentation mask
and classification vector, additional dimensions are added for simplicity: M seg €

RC’xHxW and Ccls c RCxlxl

Segmentation map is weighted using the Hadamard product: Mseg and

A

C(cls
Mrefined = Mseg O Uels

Using the model, the proposed methods were tested in different condi-
tions, ablation studies were was performed and the analysis of the resistance
of the proposed method to different levels of errors in the annotations was
performed. On average, the increase in the Dice coefficient relative to the

base method was 13 %.
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Thus, fourth point of scientific novelty is formulated, namely, im-
proved methods of multi-task learning and inference based on an improved
model of convolutional neural networks by combining classification and seg-
mentation and introducing a constraint when calculating the segmentation
loss function, which allowed to increase the accuracy of segmentation and
classification in automated screening tasks.

In fourth section developed tools that implement the proposed solutions.
The developed method was tested as part of experiments on synthetic data
generated using the proposed model, as well as in experiments in real prob-
lems: screening of diabetic retinopathy, melanoma screening, and screening
of cloud formations.

The tools are developed in the Python programming language using the
PyTorch automatic differentiation framework. Based on the developed tools,
effective software modules have been created, which are integrated with cloud
services for solving resource-intensive learning tasks of neural networks, which
provides high computing power and speed of prediction in automated screen-
ing tasks.

For the task of automated screening in the cloud organization patterns
segmentation in satellite images (within the project ” Understanding Clouds
from Satellite Images” on the platform for competitions in data science Kag-
gle) the proposed models of neural networks were used, as well as methods
for training and inference. The increase in Dice measure relative to the base
model was 3.9%.

For the task of automated screening in the diabetic retinopathy classifica-
tion (within the project ”APTOS 2019 Blindness Detection” on the platform
for competitions in data science Kaggle) used the proposed methods of multi-
tasking and inference. The increase in F1-measure relative to the base model
was 2.1 %.

For the task of recognizing skin lesions in melanoma screening (within
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the SIIM-ISIC Melanoma Classification project on the Kaggle Data Science
Competition Platform), the proposed localization of image-relevant image
features was used. The use of the proposed method simplified the process of
monitoring the learning of neural networks, which helped prevent retraining
and increase the reliability of the classification by 3.5%.

The methods and tools developed in the work were introduced into the ed-
ucational process of ONPU and the SafetyRadar software product of VITech
Lab, the main purpose of which is to screen the presence of elements of per-
sonal protective equipment on people in construction sites, or hospitals and

laboratories.

Key words: image analysis, dataset models, deep neural networks, multi-

tasking machine learning, segmentation, classification, loss functions.
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BCTVII

AKTyaJIbHICTh T€MU 3yMOBJIIOETHCS CTPIMKUM PO3BUTKOM ITPOIECIB, Kl
oTpeOyI0Th MBUJIKOTO PearyBaHHs Ha HETUIIOBI 3MIHK JIJIs 1X MMOJAJIBIIION0 KO-
pPUryBaHHs, IIOKH I[iHA HACJIIJIKIB € HU3bKOIO. 3a/1ava BUSBJICHHS TAKUX HETHIIO-
BUX 3MiH HAa3UBAETHCA 3aJaUel0 CKPUHIHTY, OCODJUBY IPYIY Cepesl SIKUX CKJia-
JIaI0Th 3aCHOBaHI Ha aHaJi3l IJIaHAPHUX 300pakeHb 3ajia4l, sKi BUHMKAIOTh,
HAITPUKJIAJ, TTPU MEJIMIHIHA J1arHOCTHII, JUCTAHIIHOMY 30HyBaHHI 3eMJIl, Me-
TepeoJioril Tomo. ABToMaTu3alllsi CKPUHIHTY JT03BOJISIE 3 OLIBITON0 edeKTHBHI-
CTIO BUPIIIYBaTH HpOOJIeMH IIBUIIEHHS IIPOJYKTUBHOCTI JIisJIbHOCTI JIFO{UHHI-
oreparopa, MiABAIIATH PEeHTAOEIbHICTD BIJIOBIIHUX IPOIIECIB.

[Ipu aBromaruszanii CKpUHIHI'Y OCHOBHMMM IIPOLEyPaMU, 10 BU3HAYAIOTH
flor0 JIOCTOBIPHICTH € cerMeHTallisi perioHiB inTepecy Ta ix Kjiacudikaiis. Tpa-
JIATIIHO, B TAKUX CUCTEMaX BUKOPUCTOBYIOTHCsT KJIACUUIHI METOJIM KOMIT FOTEPHOTO
30py (MOIIyK rpaHuiib, OiHADHA CEIMEHTAIls 33 IHTEHCHBHICTIO, KOPEJIAIIHHO-
eKCTPEeMAaJIbHUI METOJI, TOIIO), OJHAK JOCTOBIPHICTH IX CYTTEBO OOMEXKeHa te-
pe3 PIBHOMAHITTS MOXKJIMBUX CLHOTBOPEHD (HALPUKJIAJL, PI3HUI Buliisiyl 06’ €KTiB
OJIHOIO KJIaCy) Ta CKJajHicTh 1x dopmadsizanil 3a J0MoMOrown HabopiB Mpo-
cTrx o3HaK. B Takux ymoBax J0IiJabHEe BUKOPUCTAHHS CEMAHTUIHOT cerMeHTallll
(Kaacudirayitinozo memody ceemenmauii), s peasizarii Kol B TemepirrHii
YaC BUKOPHUCTOBYIOTHCS TJIMOMHHI HEMPOHHI MepexKi, 3aBJsIKi MOXKJIUBOCTI BHU-
plllleH s 3a71a9 B YMOBaX HEBU3HAUEHOCTI Ta CTIMKOCTI JI0 BXIIHUX CIIOTBOPEHD
3 BUCOKOIO JIOCTOBIpHICTIO. Be3yMOBHOIO IlepeBaror 3acTocyBaHHs TJIMOMHHUX
HEHPOHHUX MEpPEXK € MOXKJIMBICTh BUKOPHUCTAHHSI 0araro3aiadHoro HaBYaHHS
JUTS TJIBUATIEHHS JIOCTOBIPHOCTI Ta OIepATUBHOCTI, aJjie Horo 3acTOCyBaHH I10-
Tpebye HasIBHOCTI BEJMKHUX HAOODIB JOCTOBIPHO aHOTOBAHWX (PO3MIUEHUX) Jia-

HUX.
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Ate, B 3a/1a9axX CKPUHIHTY, OTPUMAaHHS JOCTATHLOI KIJIBKOCTI JTAHUX Ta IIPO-
BEJICHHS AKICHOI'O aHOTYBaHHsI IpodecioHaJlaMi €, siK IIPaBUJIO, 3aTPATHUM, a
1HO/Il HEMOXKJIMBUM 4Yepe3 MaJly KIJIbKICTb Ta PI3HUI BUIJIs)] HaBYAJIbHUX 1IPU-
KJIaJ1iB, cyO’ €KTUBHICTD 111J1 Yac (pOpMyBaHHs aHOTaIlllil B HabOpax JlaHUX.

TakuMm 9rHOM, Mae Miclie TPOTHUPIYYUS MiXK IUPOKUMHU MOXKJIMBOCTSIMI
1010 3a0e3IeUeHHsI JJOCTOBIPHOCTI pillleHHsI 3a/a4dl aBTOMaTH30BAHOIO CKPHU-
HIHI'Y HeipOMepe:KeBUMHU METOaMK 3 OJHOr0 DOKY, Ta 0OMEXKEHICTIO 1ICHYI0UNX
METO/IIB OTPUMaHHs HAOOPiB AaHOTOBAHUX JAHWX JJIs HABUAHHA TJIMOMHHUX HEil-
POHHUX MeEpex.

st po3B’si3aHHs 1bOTO MTPOTUPIUYs B JucepTaliiiiniii pobori “Heitpomepe-
’KeBl METOJIM aHaJ i3y IJIaHApHUX 300pakKeHb B CHCTEMaX aBTOMATHU30BAHOI'O
CKPHUHIHTY  3allpOIOHOBAaHI BIJIOBIIHI HeipoMepeXKeBl MoJiesli Ta, MeTO/IU aHa-
JI3y TJaHAPHUX 300parkeHb B 3aJladax aBTOMATHU30BAHOIO CKPUHIHTY JIJIS ITiJ1-
BUIIEHHS 1Or0 JJOCTOBIPHOCTI.

PoboTa noB’sizaHa 3 AOCJIIHUMHA ITPOEKTAMU:

Pobota BuKoHaHa BiJIIOBIJIHO JIO IIJIaHIB HAYKOBOI 1 HayKOBO-TEXHIYHOI JIi-
stnbHOCTI Osecbkoro Harionasibaoro IlopJiiTexHidaHOro YHIBEPCUTETY B PaM-
Kax JIep:KOI0KeTHUX HAyKOBO-JIOCTIIHIX pobOiT: «Mojesi, MeTonu Ta iHCTpY-
MEHTaJIbHI 3aCO0U TIJITPUMKU HPUIHSATTS PIillleHb 3 MIJIBUIIEHHS epEeKTUBHO-
cTi TiApoaepoJIMHaAMIYHUX TPOIECIB B JIIIOUOMY €HepreTHudHOMYy O0Jia[HaHHI»
(Ne JTP 0115U000413); «Hocsimkenns indopMaliiHuX CXOBHIM, K MOJeJIei
MpeMeTHUX obJacTell B cucTeMax MITPUMKE TPUAHATTS pimenby (Ne 1P
0104U002401); «ImnoBariiina inTesekTyaidbHa iHdOpMaIiitHa TeXHOJOTisT aHa-
JII3y Ta CUHTE3y eHeproedeKTHUBHUX IiJIpoaepoJMHAMIUHIX €JIeMEHTIB Ta CH-
crem» (romep P 01210111720)

MeTo10 OOCHaiIXKEHHS € IIiJBUIIEHHs JIOCTOBIPpHOCTI Kjacudikalil Ta ce-
IrMEeHTaIlll IJIaHapHUX 300parkeHb B CHUCTEMaX aBTOMATH30BAHOI'O CKPUHIHTY
IILJISIXOM PO3POOKH HEHPOMepeKeBUX MOJIeseil 1 MeTo/iB.

st JoCsirHeHHsT METH JOCJI1JP>KEeHHsT HeOOX1/IHO BUPILINTU TaKl 3aBJlaHHs:
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— IIPOBECTU aHaJIi3 IpobJjieM aBTOMATH30BAHOI'O CKPUHIHTY, IIOKA3aTH IIe-
peBaru Ta HeJOJIKH HeipOMepe:KeBOro IiJIXOJy, Ta OOI'PYHTYBATH Ha-
HPSAAMKH JIOCJ1LJI2KEHb;

— PO3pOOUTH MapaMeTpUIHy Mojie/ib HADOPY JlaHUX, 30KPEMa, 3 4aCTKOBO-
MOMUJTKOBUMU aHOTAIISIMU, STK1 XapaKTepH1 JJIsd peaJbHuX 3a/1a4d aBTO-
MaTH30BaHOI'O CKPHUHIHTY;

— PO3pOOUTHU MOJIE/Ib HeHPOHHOT MepexKi Ta MeTOo/Iu HaBYaHHS il mepeiba-
YeHHS NI aHaJi3y IJIaHAPHUX 300paskeHb;

— po3pobUTH IHCTPYMEHTaAJIbHI 3ac00u, siKi peaai3yoTb po3podJieH] Heirpo-
MepeXkeBl MOJIeJIl Ta, METO/U, Ta BUKOHATH alpodallifo i BITPOBaJIXKEHHS
TEOPETUIHUX Pe3yJibTaTiB IIPU BUPIIIEHH] 3aBJ/laHb aBTOMaTH30BaHOIO
CKPHUHIHTY.

O6’ekTOM OCJII>KEHHS € TIPOIEeCH aHaI3y IJIaHaApHUX 300parkKeHb B CHU-

creMax aBTOMaTU30BaHOI'O CKPUHIHTY.

IIpeamer mociig»KeHHS — HellpOMepeXkeBl MOJesl Ta MeTOn KJacudi-
Kallil 1 cermMeHTaliil miaHapHux 300pakeHb B 3a/ia4aX aBTOMaTU30BAHOI'O CKPU-
HIHTY.

Metoau gocaiaxKeHHs. /{151 BUpIIIeHHs TOCTaBIeHNX 3327 BUKOPUCTAHI
METOJ/IU CUCTEMHOIO aHaJ i3y Ta, Teopil MHOXKWH 1PU PO3POOIIT HETpOMepeKeBUX
MoOJIeJIeit; Teopist HEWPOHHUX MepexK IPU PO3poDdIll BiJIMOBIIHUX HelpoMeperKe-
BHUX MOJIeJieil Ta MeTO/IiB; Teopisd 1udpoBol 0OpPoOKU 300parkeHb Ta pPO3IIi3Ha-
BaHHS P po3po0Ill MeTo/IIB Kaacudikalil 1 cerMeHTalll; MeToIn iIMITaIiiinoro
MOJIeJTFOBAHHSI IIPHU arpobaIiil 3alpoloHOBAHUX PIIIEHb.

HaykoBa HOBU3Ha orpuMaHux pe3y/brariB. OCHOBHUI HAYKOBUN PE3yJib-
TAT MOJISITSIE Y PO3B’I3aHHI BaXKJIMBOT HAYKOBO-IIPAKTUYIHOI 38 1841 111 {BUIIEHHS
JIOCTOBIpHOCTI Kjacudikallil Ta cerMeHTalil IjaHapHuX 300pakeHb B CUCTEMaX
ABTOMATHU30BAHOI'O CKPUHIHTY IILJIIXOM PO3POOKHU HEpPOMEperKeBUX Mojielieil i
METOJIIB.

Y paMKax BUKOHAHUX JIOCJIJ[PKEHb OTPUMAHO TaKl HAyKOBI Pe3y/ibTaTu:
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— énepuie 3alpOIOHOBAHO MapaMeTpUuUuHy (popMaJiizalliio Mojiesi Habopy
JIaHUX 13 YaCTKOBO-TIOMHUJKOBUME aHOTAIISIMH, SIKI XapaKTepHl JIJIs pe-
aJIbHUX 3aJ1a49 aBTOMATU30BAHOI'O CKPUHIHIY, 1110 JI03BOJIKIO PO3POOUTH
MeTO/I reHepallil HaBYaJbHMX, TECTOBUX Ta BaJijalliiiHuX HAOOPIB Jia-
HIUX;

— ydockonareno MeTOoJI reHepariil HaDOpiB JIAHMX Ha OCHOBI IapaMeTpH-
YHOI MOJIEJ, 110 3a PaXyHOK TeHepallll aHOTalllii: 1aCTKOBO-TIOMHUJIKOBUX
JIUI TPEHYBAJIbHOI BUOIPKHU Ta JOCTOBIPHUX - JIJIS TECTOBOI, IO JIAJI0 MO-
JKJIMBICTH HIJIBUIUTA €(PEKTUBHICTH TECTYBAHHS HEHPOMEPEKEBUX Me-
TOJIB cerMeHTallil Ta Kjaacudikalii B 3a/1a4axX aBTOMATU30BAHOTO CKPH-
HIHTY;

— ydockoHaAero MOJIESIb 3TOPTKOBOI HEPOHHOT MEperKi HMIJISIXOM J0/1aBa-
HHS JIOJATKOBOTO JeKojepa Kiacudikalil 3 MapoM HOpMaJisalli, 1o
J1aJ10 3MOTI'y 1OOy/lyBaTu METO/ M DaraTo3a/ladaHoro HaBYAHHS Ta 1ePe/i-
OaveHHs pe3yJibTaTiB HEHPOHHOT MepexKi, 1110 BUPIIIYE 3a/a4 cerMeHTallil
Ta KJyacudikaliil oJJHOYaCHO;

— ydockonarerno MeToau baraTo3aJ auHOro HaBUYaHHs Ta IepedadeHHs Ha
OCHOBI YJIOCKOHAJIEHOI MOJIeJIi 3TOPTKOBUX HEHPOHHUX MEPEXK IIISIXOM
o0’eHanus KJacudikalil Ta cerMeHTalil 1 BBeJeHHsT 0OMEXKEHHs JIPY-
roro poiy (3Bepxy) mnpu obuncienni GyHKIIT BTpar cermeHTalli, 1o
JIO3BOJIMJIO IIJIBUIIATU JOCTOBIPHICTL cermMeHTanil Ta Kiacudikalil B
3aJadax aBTOMATU30BAHOTO CKPUHIHTY.

IIpakTnyHe 3HAYEHHS OJIePXKAHMUX Pe3yJbTaTiB. [IpakTuune 3HaUe-
HHsI PO3POOJIEHUX MOJIE/Iell Ta METO/IB IiJITBEP/KYETHCS 1X BUKOPUCTAHHSIM
B pO3pO0JIEHUX IHCTPYMEHTAJbHUX 3aco0ax JiIsi BUPINIEHHS 3a/1a9 aBTOMATH-
30BAHOI0 CKpHHIHIY. Pe3yibraru gucepraliiinol podoTH BIPOBa/XKEHO: B IIPO-
rpamunii pogykt SafetyRadar kommanii VITech Lab (axr BupoBajpkenust Bif
13.09.2021), nmporpamui mpogayktu kommanii «[IJTAHETA FOI's (akr Bmposa-
mekentst i 15.09.2021) ra B HaykoBo-jociijini poboru kadeapu lndopmariii-



32

nux cucreM [Hcturyry Komm'iorepaunx cucrem Ojechkoro Harionaasnoro Ilo-
JiTexuiuHOro YHiBepcuTery (0BiKa mpo BrpoBaKenHs Bij 24.02.2021) Ta B
HaB4YaJibHUIL nponec Kadeapu [ndopmaniiinux cucrem [neruryry Komir'torepaux
cucrem Ozecbkoro Harnjonasnbroro [osirexuivnoro Yuisepcurery (joBijika 1npo
BripoBajKennst Big 24.02.2021).

Ha ocHoBi po3pobjieHux IHCTpyMEHTaJbHUX 3ac00iB CTBOPEHO e(eKTHBHI
IporpaMHi MOJYJI, sIKl IHTErpOBAaHO 3 “XMapHUMK CepBiCAMU JIJIsi BUPIIIECHHSI
PecypCcoMICTKUX 3aJad HaBUAHHS HEHPOHHMX MEpeK, 110 MiJABUIIAIO Olepa-
TUBHICTH HaBYaHHs Ta Iepej0adeHHs B 3a/la9aX aBTOMATU30BAHOIO CKPUHIHIY
na 15%. Buposa/pKennst 3anpONoOHOBAHNX B JUcepTaliitniil pobori Mmojeseit Ta
MeTO/iB 3abe3Iedye IiBUIIEeHHs JIOCTOBIPHOCTI cerMeHTalil Ta KJiacudikariil
IJIaHAPHUX 300pakeHb B 3aJladaxX aBTOMATH30BAHOI'O CKPHUHIHIY Ta CKOPOUYE
BUTPATU Ha OJIepyKAHHS aHOTOBAHUX HAOOPIB JTaHUX.

OcobucTwuit BHECOK 3/100yBava

OcHOBHI HaAyKOBI TMOJIOKEHHS, BUCHOBKW 1 PEKOMEHJAIl, 1[0 MICTATHCS B
JIicepTallil Ta, BUHOCATBLCS Ha 3aXUCT, OTPUMAHO 3/100yBadeM 0COOUCTO B IIEPio/l
3 2016 mo 2020 pp. Haykosa mpaiig |1] omybuikoBama 6e3 crmiBaBropis. ¥ cTa-
TTSX, HAIIMCAHUX Y CIIBABTOPCTBI, BHECOK 37100yBava IOJISIFA€ B HACTYIHOMY:
|2-4] — sanpononoBano MoJEb HEHPOHHOI MEpEXKi Ta MeTo/| Hararo3aj aaHoOro
HaBuaHHsi, [5] — 3aPOIOHOBAHO MOJIe/Ib HEHPOHHOT Mepexi Ta MeTo| 11i100py
nopory kiacudikariii, [6-8] — Mojieb HEHPOHHOT MEPeXKi Ta METOJT eBOJIIOTIT Ta-
pamerpis, 9] - amropurM geTekii mosocu st JiiHiiiHOT Kamepw; [11] — meros
inentudikarnii mapamerpis koB3anus; [12-13] — MeTos posmisHABAHHST CIIEKTPIB.

Anpobailiis pe3yabTariB JucepTarlii

OcHOBHI TIOJIOXKEHHST 1 TPAKTUYIHI PE3YAbTATH JUCEpTAIiitHOl pobOTH 010~
BiJIaJIMCS Ta OJIepKaJId CXBaJICHHs Ha TaKMX KOH(EPEHIsSIX: MiKHApOJIHIi Ha-
YKOBiil KoHDepeH il 3 MeTogiB posmizHasanns narepuis “ICPRAM-2020" (m.
Basterra, Masbra, 2020), yKpaiHCbKO-HIMEITBKIX HAYKOBO-TIPAKTUIHUX KOH(De-

pennisix “Tndopmaruka. Kynbrypa. Texnika”: IKT-2016, IKT-2018 (m. Opeca),



33

MI>KHApOJIHUX CTY/IeHTChbKNX KoHdepeHiisx “CydacHi iHpoOpMalliiiHi TexXHOJI0-
rii”: CIT-2017, CIT-2018 (m. Ogmeca).

Ily6aikarrii

OcHOBHI pe3y/bTaTu Jauceprariifnoi poboTn Buk/aaeHo B 13 mybsikaiisx, 3
HUX: 8 crareil y HayKOBUX (PAXOBUX TEPIOJIMIHUX BUJIAHHAX Y KpaTHU 3 TEeXHi-
YHUX HayK, 1 crarTs y 3apyOiKHOMY HayKOBOMY I1€pIOJUIHOMY BUJIAHHI 3 Ha-
MpsAMYy, 3 SIKOTO IMIJIOTOBJIEHO JUCEPTAIIIO, 0 1HIEKCYETHCI HAYKOMETPUIHOIO
6azoro SCOPUS, 4 nyb6aikaliii y mpalisgx i MaTepiajgaxX HayKOBUX KOH(EPEHIIii.

CrpykTypa i 0bcsar podboru

JucepTraliisi CKJIaJIa€ThCs 3 BCTYILY, YOTUPHOX PO3/IiJIiB, BUCHOBKIB, CIIUCKY
BUKOPHUCTAHUX JKepeJ 1 nofarkis. [lopauit obesar nuceprariiil ckiaagae 190 cro-
piHOK, B TOMy 4ucJi: 140 ¢TOpiHOK OCHOBHOI'O TEKCTY, 56 pUCYHKIB 1 17 Tab/nIb,

CIIICOK BUKOPUCTAHUX JKepes 3 124 nalimenyBaHb 1 6 JI0JIaTKIB.



34

PO3JILJI 1
TPOBJIEMU AHAJII3Y IIJIAHAPHUX 30BPAYKEHD B
3AJTAYAX ABTOMATU30BAHOTO CKPUHIHTY

1.1. AmnaJi3 3a/1a49i aBTOMAaTU30BAHOTO CKPUHIHTY IJIAHAPHUX

300paXkeHb

3ajiaua aBTOMATH30BAHOTO CKPUHIHTY TOCTAE, KOJIM BUHUKAE HEOOXIIHICTH
ilenTrikaIiil mpoueciB, siki MOTPedYIOTH MBUIKOIO pearyBaHHs Ha HETHUIIOBI
3MIHM JIJIS 1X [O/IAJIbIIIOr0 KOPUI'YBAHHS, IIOKHM 11HA HACJIIJIKIB € HU3bKO0. 3a,/1a~
4ya BUSIBJICHHS TaKUX HETUIIOBUX 3MIH Ha3UBAETHCs 3a/1a9ei0 CKPUHIHTY, 0COO.I1-
BY I'DYILY Cepe/Ji siKMX CKJIaJIal0Th 3aCHOBAHI Ha, aHaJIi3] IJIaHAPHUX 300ParkKeHb
3aJla4l, sIKl BUHUKAIOTh, HAITPUKJA, TPU MEJIWIHIN J1arHOCTHI, JUCTaHIIHHO-
My 30HIyBaHHI 3eMJIi, MeTeopoJIoTii ToIo. ABTOMaTH3allls CKPUHIHTY JTO3BOJISIE
3 OLJIBIIOI0 e(PEKTUBHICTIO BUPIIIYBATU IPOOJIEMHU II1JIBUITICHHS IIPOJLyKTHBHOCTI
JISTBHOCT] JIIOIMHU-OIIEPATOPA, MIABUIIATH PEHTAOEJbHICTD BIJIIIOBIIHIX IPO-
1IeCIB.

[Toripu Te, 10 CKPUHIHT CHIPUSIE PAHHBOMY PearyBaHHIO, ICHYE MOXJIMBICTD
MMOMWJIKOBOI JIIAFHOCTHUKU, & TaKOYK CTBOPEHHST HETPaBIMBOTO MOYYTTS yIIEeBHE-
HOCT1 y BIJICYTHOCTI IIPOOJIeMH. 3 KX HPUUYMH CKPUHIHIOBI JIOCJIJI?>KEHHSI I10-
BUHHI MATH JIOCTATHIO 9y TJUBICT 1 JIOMycTUMUiL piBenb creruditnocti [1]. Ta-
KOXK, B 3aJladl aBTOMATU30BAHOTO CKPHUHIATY BarKJIMBOIO € JIOKAJI3allld O3HaK
MOXKJIMBUX IPOBJIEM, JIJist TIOJ[AJIbIIOTO OLIHIOBAHHST JIIOjibMU. |2]

XapakTepHuM JiIst 3aja49l CKPUHIHTY € KJac TJIaHapHUX 300parXeHb, 0CO-
OJIUBICTIO SIKOTO € MOCTifHWI MacimTad 00’€KTiB, Ta MOXKJUBICTH 3HEXTYBATH
MEPCTIEKTHBHIME CIIOTBOPEHHIMH |3)].

OHEME 3 HaUOLIBIIT BaXKIUBUX MPUKJIAJIHAX 00IacTell, B SKUX BUKOPUCTO-
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BYETHCSI aBTOMATU30BAHNM CKPUHIHT, € MEJINIIMHA Ta METEOPOJIOTis, 1110 PO3TJIs-

HYT1 JaJil.

1.1.1. 3amadyi aBTOMaTU30BaHOro CKpuHiIHrTYy B Mmeaunmuui. Cepej
H6araThox 3aCTOCYBaHb CKPUHIHIY B MEJIMIIMHI, OCOOJIMBO HAraJhbHOIO € MoTpeda
B METOJlaX CKPHHIHIY JIJIsI arpeCUBHUX IIPUXOBAHUX XBOPOO B perioHax, je B
OLJIBIIIOCT]I HACEJIEHHSI HEMAE JIOCTYIY J10 Ipodpeciitioro Jiikaps. Tak, arpecus-
HUMK XBOpOOaMM, JJIsl IKUX YTPYIHEHEe J1arHOCTYBAHHS Ha PAHHIX CTAIisIX €,

HAIPUKJIAJL JilabeTuuHa PETUHONATIS Ta PaK MIKIPH.

CkpuHiHr paky mkipu. Pak mkipu € HalOLIbII PO3IMOBCIO/XKEHUM BH-
JIOM 3JIOSIKICHUX YyXJIUH, 1 caMe MEeJIAHOMa, € IIPUIMHOIO OLJILINIOCTI cMepTeit Bijl
paky. CpiToBa mpobsema 3aXBOPIOBAHOCTI Ha MEJaHOMY CTPIMKO 3pOcTajia 3a
ocranHi b0 pokiB 1 craia MpobIEMOI0, 3 KO HaMararThes 60poTucs dararo
BUCHUX 3 PIZHUX KpalH.

Mesianoma € 11'9TUM 3a [MOIMIUMPEHICTIO PAKOM Cepe/l Y0JIOBIKIB Ta IHIOCTUM 34
nomupeHicTio pakom cepejt »kinok [4]. Tlopi6uo j10 iHmmx Tunis paky, pasti Ta
JIErKi cTaJIil Bi3yaJbHO HABPSIJ| 91 MOYKHA PO3pi3HuTHU. B Halll vac, JepMaTosorn
OIIHIOITH KOXKHY POJUMKY IIalli€HTa, 1100 BUABUTH HE3BUYHI Ocepesku ado
Taki, 10, IMIBUJIIE 33 BCe, € 3JIOIKICHUMU. ZIKIINO MeJJaHOMY MOMITUTH BYACHO,
1T MOXKHA, BUJIIKyBaTH HE3HAYHUMK OLIEPATUBHUMU BTPYYAHHSIMMU.

Oensd simepamypu HegapBHi JOCTIKEHHS B raJy3l aBTOMATHIHOTO BUSIB-
JIGHHSI 3JI0KICHUX YTBOPEHb OB sI3aHl 3 HAMCYJIACHIIITUMA MiIXO[MaM# JIO TUI-
O0KOro HaBUYAHHS B PO3Mi3HaBaHHI 300parkeHb. Habararo menine podIT BHKO-
PUCTOBYIOTH KJIACHUYHE MaIIMHHE HaBUAHHS Ta CKOHCTPYHOBaHI JOC/ITHUKAMUI
O3HaKHU.

Tyr nasejeno HailBILIMBOBIII poboru B 1iii rasysi. Tak, Mustafa ra in. [5]
cTBOPUB Mijxij 3 nigibpanumu Bpyuny osnakamu (GrabCut mius cermenranii
paKy) Ta METOJIOM OMOPHUX BEKTOPIB jijist Kiracudikallil pakoBuxX ypaxkenb. Ta-

Kok, Nasiri et al. [8] arerepysas moxijiHi 306pazkeHHst 3a, JIOMOMOTOIO JIEKITBKOX
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AJICOPUTMIB 1 BUKOPUCTAB Ha HUX METOJI K-HaibMmKIux Mojeseil cycijiiB s
BUPIIICHHS 3aBIaHHSI.

Bpinkep ra in. [6] 1poBojuB eKcliepuMeHTy i3 1101epe/IHbo HABYEHUMHU Ha, Ha-
6opi annx ImageNet 3roprkoBuMu HelipoHHUMEY MepexKaMu, Takumu 1K ResNet-
50 [7], juist knacudikaiil panuix crajiii mejanomu. Apropu Bukopucraiu 4204
nepeBipeHnX OIOIICi€0 300pakeHHsI MeJaHOMU Ta 3BHYalHMX POJUMHOK. Kpim
Toro, OyJi iHTErpoBaHi HOBITHI Ha TOI MOMEHT METOIU I'JIMOOKOIO HABUAHHSI:
PI3HI TEMIIW HaBYAHHS JIJIS PI3HUX YaCTUH HEUPOHHOI MepexKl, 3MeHIIIeHHsT TeM-
Iy HaBYaHHs Ha, OCHOBI (PYHKIT KOCMHYCA, CTOXaCTUUHUN I'PAJIIEHTHUN CITYCK
3 TIepe3alyCKoOM JIJIsi TOro 1100 YHUKHYTH JIOKAJbHUX MIHIMYMIB.

Kopesra ta in. |8] 3ampononyBasu cucteMy cermeHTanil Ta Kaacudikariii Me-
JIAHOMH 32, JIEPMOCKOIIIYHUMK 300parKeHHsIMU MIKipu. g Kinacudikaiil XBopob
BOHHU 3aCTOCYBaJU aHCAMOJIb OCTAHHIX METO/IIB MAIUHHOIO HABUYAHHSI, BKJIIO-
yarouu 1JinbOKi 3aJMINKOBI Mepexi, 3ropTKOBl HeWpOHHI Mepexi Toio. Bowu
JIOBEJIN, 1110 aHcaMOJIl 37aTHI JJaBaTh Kpallll Pe3yJbTaTh, HIXK MOJIeJi OKPEMO.

Hacipi rta in. |9] sanpononyBasiu kiacudikaliio ypakeHb MKIpU 3a JIOMO0-
MOTOI0 TJINOOKOTO HaBYaHHSA JJisi PAHHLOI'O BHUSIBJICHHSI MEJAHOMHU B CHUCTEMI
MipKyBaHb Ha OCHOBI mperie/ieHTiB (anri. case-based reasoning). et migxisn 6yB
BUKODHUCTAHU JIJIsI OTPUMAHHS CXOXKUX BX1JIHUX 300parkeHb 13 0a3u JaHuX 1pe-
nejienTiB 3anpononoBanol cucremu DePicT Melanoma Deep-CLASS st miji-
BUITICHHST TOTHOCTI PEKOMEHJIATII IM0/I0 3amuTyBaHol TpobaeMu (HAIIPUKIIA],
300parKeHHs POJWHKH). X MeTOj, 10 3aCHOBAHMI Ha IJHOOKHX 3TOPTKOBHX
HEIPOHHUX Meperkax, FeHepy€e 03HAKK 3 300parkKeHb, 100 BUKOPUCTOBYBATH 1X Y
npoiieci nomyky B 0a3i jlanux. [nrerpartiisi nporo mijxojy Jjio DePicT Melanoma
CLASS znauno nokpaiuia epekTuBHICTh Kiacudikaiii 300pakeHb Ta siKiCTh
peKOMeHTalliiftHOl YaCTUHNA CUCTEMH.

HocnijizkeHHs B rajiy3i 6araro3aiadHoro HaBuaHHs TaKoxK mpoBojnin CoHr
ta in. [10]. Bonu 3ampomnonyBain HEHPOHHY MEpeKy, siKa MOYKe OJIHOUACHO BH-

KOHYBaTH 3aBJlaHHsl JIeTeKIlil, Kiacuikalil Ta cerMmeHTallll ypaskeHb HIKIpH, He
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BUMAralun JI0JATKOBAX €TAIlB IOIepeIHb0l 00poOKH ab0 MOLaJIbLII0] 0OPOOKHM.
[Tomibuy pobory mpencrasuiu Yen Ta crisasropu [11], Bon BukopucTaan 6a-
raroszajauny mepexy U-Net jist 3aia4i jereknii ta cermenraiil. fur ra in. [12]
3aIIPOITOHYBaB OLJIbII CKJIAJHY Dararo3aj adny MOJIEJb, siKa OJHOYaCHO BUPIIIYE
3aBJIaHHS CerMeHTallll yparkeHb Ta, J[Bl He3aJiexKHi 3a1a4i OiHapHOT Kiacudika-

1111, BUKOPUCTOBYIOUH CIIJIBHOCTI Ta BIJIMIHHOCTI MiXK 3aBJIaHHSIMHU.

CkpuHiHr giadbeTu4vHol pernHonatii. /liabeTndHa peTUHONATISA € OJHAM
13 HAMOLIBII 3arPO3JUBUX YCKJIaHEHDb TiabeTy, Mpu AKOMY TOIIKOIKEHH Ci-
TKIBKN BUKJIMKAE CJIMOTY. Bona MOmKomKye KPOBOHOCHI CYJIUHN TKAHWHU Ci-
TKIBKM, BUKJMKAIOUM BUTIK PijuHU Ta noripirennst 3opy. Ilopsij i3 3axBopio-
BaHHSAMU, 1O TPU3BOJIATH JIO CJIMOTH, TAKUMHU K KaTapaKTa 1 riaykKoMa, pe-
TUHOIATISA € OJIHUM 13 HAUTIOMMPEHIINX 3aXBOPIOBAHb, 3IJIHO 31 CTATHCTUKOIO
CIIA, Benukobpuranii ta Cidramypy.

Jlikapl BCTAHOBUJIM YOTUPU CTAIIl JiaDETUIHOI PeTUHONATII:

— Jlerka, HeripoJiidpeparuBHa peTUHOINATIs, HalpaHiiia cTajist, KOJIU MO-
JKYTh BUHUKATH JIUIIE MIKPOAHEBPU3MU;

— TIOMipHa HernpoJidgepaTiBHa PETUHONATIS, CTAJII0 TKOI MOXKHA OMUCA-
TU BTPATOO 3/IaTHOCTI KPOBOHOCHUX CYJUH JIO TPAHCIOPTYBaHHS KPOBI
yepe3 HaOPSK 3 MPOrpecyBaHHAM 3aXBOPIOBAHHS;

— Ba)kka HelpoJidgeparuBia PETUHONATIS PU3BOJUTHL JIO 0OMEXKEHOI'O
KPOBOIOCTaYaHHs CITKIBKM dYepe3 IiJIBUIeHUIl HaOPsiK BEJMKOI KiJib-
KOCT1 KPOBOHOCHUX CYJIVH;

— mnpouticpepaTuBHa JliabeTHUHA PETHHOIATISA - 1€ 3allylleHa CTa/lisl, KOJIu
dakTOpu pocTy, 10 BUILIAIOTHCA CITKIBKOIO, aKTHBI3YIOThH Ipoidepa-
1[I0 HOBUX KPOBOHOCHUX CYJIMH, 3POCTAIOYN B3JI0B2K O0DOJIOHKM CITKIBKHU
B CKJIOIOJIIOHOMY TiJii, 3all0BHIOIOYN OKO.

[Tonaiimenme 56% noBux BUIAAKIB MOXKHA, YHUKHYTH 33 JOIOMOTON) Ha-

JIEYKHOTO Ta CBOEYACHOTO JIKYBaHHS Ta CKpWHIHTY odeil. OjHak, modaTKoBa
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CTaJIisl MHOr0 3aXBOPIOBAHHS HE Ma€ IMOMITHUX JJId IAIl€HTa O3HAK, 1 BUIBUTHU
floro Ha paHHI# cTail € ClIpaB:KHBLOI MpobJieMoio. Bijbi Toro, JoOpe HaBUYeH]
JUAIHOCTH 1HOJIL HE MOXKYTh BPYUHY OLIHUTU CTaJIII0 38 JIIarHOCTUYHUMU 300pa-
JKeHHSIMU OYHOT'O JTHA TTaIllE€HTa.

Oenad armepamypu

Bararo JocaiIHUIbKUAX 3YCUJIb OyJIO MPUCBAIEHO PobJieMi pAHHLOT'O BHSIB-
JleHHs niabeTuunol perunonatii. Ilepin 3a Bee, JOCHITHUKNA HaMarajucs BUKO-
PUCTOBYBATHU KJIACUIHI METOIU KOMIT FOTEPHOTO 30Py Ta MAIIMHHOTO HAaBYAHHSI,
1100 3a0e31eunTy BiJIIIOBIAHE PillleHHS 1€ PO0JIeMHU.

Hanpukiia, [Ipist ta in. [13] 3anpononysajiu mijixij Ha OCHOBI KOMIT FOTEPHOIO
30Dy JIJIsd BUABJICHHs J1iaOeTUYIHOI PeTHHONATII 3a JIOIOMOI00 KOJIbOPOBUX 30-
OpaXKeHb OYHOrO JHa. ABTOPH CTBOPUJIN HAOIP O3HAK 13 BUXIIHOTO 300parKeHHsl,
BUKOPUCTOBYIOUH KJIACHUIHI METOIU OOpOOKM 300parkeHb, 1 BUKOPUCTAJIH METO,T
OIOPHUX BEKTOPIB st GinapHoi kiaacudikarii. [x meros gocsr ayriusocti 98%,
cnenmdiunocti 96% ra rounocri 97% ma TecroBomy nabopi 3 250 3006parkeHs.

Kpim Toro, iHm gOC/HiJHUKE HAMATaIuCsl BAUKOPUCTATH 1HII MOeJl JiJist Oa-
raToOKJIACOBOI KJacupiKaIil, HallpuKJjaJl, 3aCTOCOBYIOUHN aHAJII3 IOJOBHUX KOM-
MOHEHT JI0 300parkeHb Ta BUKOPUCTOBYIOUH JiepeBa pillienb, baecosi Kiacudika-
Topu abo Mero) Halbmxkunx cycijis [14] 3 naiikpamuvu pesyibraramu 73.4%
tounocti Ta 68.4% nus F-mipu, Bukopucrosytoun nabip ganux i3 151 306parke-
HHS 3 PI3HOIO PO3JIJILHOIO 3/IaTHICTIO.

31 3pocTaHHsAM MHOIYJIsIPHOCTI I1JIXO/iB, 32CHOBAHUX HAa IJINOOKOMY HaBUaH-
Hi, 3'SIBIJIUCS METOJH, K1 3aCTOCOBYIOTH IJIMOOKI 3rOPTKOBI HEUPOHHI Mepexi
110 1iel upobuemu. [parr ra in. [15] pospobusiu apxitekTypy HEHPOHHOT Mepe-
’Ki Ta BUKOPUCTAJIM ayI'MEHTAII0 JaHWX, siKa MOXe 1JIeHTUMIKyBaTH CKJIa [Hl
O3HAKU 3aXBOPIOBaHH#A, IIOB’si3aHi 13 3ajiaueto Kjacudikalil, Taki K MIKpPOo-
aHEeBPU3MH, €KCYJlaT Ta KPOBOBUJIMBU B CITKIBKY OKa, 1, OT2Ke, aBTOMaTHUYHO
JUArHOCTYBaTH CTaJliio 3axsopioBannd. Lleit Meron nocsar ayrausocri 95% 1 To-

grocti 75% na 5000 Basiiganiitnux 306paxkenns. KpiM toro, € i inmi poboTu 1npo
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BUKOPUCTAHHS I'VTUOOKUX IITYUYHMX HEAPOHHUX MEPEerK BiJI IHIIMX JIOCJIIHUKIB
|16, 17].

Asiri Ta 1H. IpOBE/IM aHAJI3 3HAYHOI KIJILKOCT] JIOCTYIIHUX METO/IB Ta HAbO-
piB JlaHKuX, BUCBIT/MBIIM iX 1iock Ta Minycu [18]. Kpim Toro, aBropu BrasaJiu
Ha 1pobJieMU, sIKi CJIJI BUPIIMIUTH 1PU pO3PoOIl Ta BUBUYEHHI ePEKTUBHUX Ta
Ha/IIHUX aJITOPUTMIB ITJIMOOKOI'O HaBYaHHs JIJIs PISHUX IIPOOJIEM JI1arHOCTUKHI
JiabeTHIHOI pEeTUHONIATII, Ta 3BePHY/IN yBary Ha, HAIIPAMKHU HOJAJbIIAX JTOCJIi-
JIKEHbD.

[HII J1OCIIHUKY TAKOXK HaMaraJmucs 31icHuTn TpancdepHe HaBYaHHs 32,
JIOTIOMOI'OI0 3rOPTKOBMX HEHPOHHMX Mepex. Xaroin Ta in. [19] cnipobysas Ha-
BunTHu InceptionNet V3 jura kiacudikaliil H KjaaciB 3 HEPOHHOIO MepexKero, Ha-
TpeHoBano Ha Habopi ganux ImageNet i gocar rounocri 90.9%. Capku Ta in.
|20] mpoBiB mocniKeHHsT 3 HABUAHHS PI3HUX apxXiTeKTyp, 30kpema ResNet50,
Xception, DenseNets ta VGG 3a 10110MOroio momnepeinboro HaBuaHHsi Ha, Habopl
nannx ImageNet 1 nocsar naiikpamoi Tounocri 81.3%. O6uasi rpynm pocaianu-

KiB BUKOPHCTOBYBaJIK Habopu jlanuX, ki HajgaBagn APTOS ta Kaggle.

1.1.2. 3amadvi aBTOMATU30BaHOTO CKPUHIHTY B MeTeopoJiorii. OHi-
€10 3 HAUIIHHIIINX OCODJIMBOCTEH BU3HAUEHHST KJIMATHIHOT MOJIEJl 3eMJIl € 110-
BesiaKa xMap. OHAK JOC/IPKEHHS X MOBEJIHKK € OJHICI0 3 HalCKJIAIHIMNX
YaCTUH, OCKIJIbKK BUMarae JOCKOHAJIOIO pO3YMiHHs BCIX IIPOIECIB B arMocdepi.
Kiracudikaiiist pi3sHUX THUIIIB OpraHizallii XMap JIoIoMara€e MoKpaiiuTi po3yMiH-
HsI IUX XMAap, 1110, B CBOIO Uepry, JIOIOMOXKe HaM IOOY/yBaTH KPallli KIIMaTHIHI
MOJIE11.

Hocaignuku 3 [ncruryry mereoposiorii imeni Maxkca, [linanka 3i0pajn Haii-
OLIBbITIMIT HADIP JlaHuX, 0 cKajlaeThes 3 pubauszno 10 000 dororpadiit xmap
B BuMMOMY crekTpi 3 cynytHukiB Terra i Aqua MODIS. 3apisaku Kpayacop-
CUHIOBIl CIIILHOTI Zoomniverse, BOHU CTBOPUJIM AHOTOBaHUil HAOIp JaHUX, B

SKOMY XMapH MMO3HaYeHl YOTUPMaA TUIIAMU MaCOK: IYKOP, KBITKa, IpaBlil, pu-
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0a (amrs. Sugar, Flower, Gravel, Fish). Onnax, qepe3 HeocKoHATY TPOTELYPY
MapKyBaHHs ¢ororpadiii, Ta Uepe3 Te, MO MapKyBaHHsS OyJ0 3pobjeHe He-
npodecionajiaMu, PO3MITKa € YaCTKOBO IMOMUJIKOBOIO. TaK, MacKu cerMeHTaliil
KJIaCiB MiCcTSATH OaraTo miKceJiB, 10 HaJexKaThb 10 (DOHY, Ta JIesiKi XMapu He Ma-
I0Th MacoOK cermenTarlii. Taki jlaHi 4acTo 3yCTPiuaroThCs B JIITEPATy Pl HE TIJIHKU
B 3a/1aaX METeOpoJIoril, HanmpukJai, B [21].

Oenad simepamypu 1100 onucaTn MUPOKKUH CIIEKTP JOCILIHUIILKAX POOIT,
PO3TJITHYTO POOOTH, IO BUKOPUCTOBYIOTH SIK CYITYTHUKOBI 300paKeHHS B BU/IH-
MOMY CIIEKTPi, TaK 1 B IHIIUX Jilalla30HaX: MyJIbTUCIIEKTPaJIbHI Ta iH(ppadepBOHi.

Ojmu 13 MeToJiB BUsiBJIeHHsT xMap OyB pospobsiennii Uy Ta criBaBropnm
|22], Bomm 3anpononysasu Meros mij nazsoo Fmask (dbymnkiisa mackn) mis Bu-
SIBJIEHHsT XMap Ta IXHIX TiHeil Ha 300pakeHHAX 13 cynyTHuka Landsat 7. Fmask
BUKOPHUCTOBYE IIIXO/M, 3aCHOBaHI Ha MpaBUjaX Ha OCHOBI (DIBUUHUX BJIACTHU-
BOCTEH XMap, 100 BiJIOKPEMUTHU TOTEHIIHI XMapHI PErioHu BiJi YUCTOrO He-
6a. B sikocTi BXiJIHUX JJAHWX METOJ BUKOPUCTOBYE iHMOPMAIIiio i3 cemu/iiara-
sonnux jgarankiB Enhanced Thematic Mapper (ETM) rta Enhancet Themtic
Mapper Plus (ETM+), sskumu obsaqaanuii cynytauk Landsat. Asbreprarns-
Huil miaxig OyB sampornonoBaHuit XapO Ta iH. [23], aBropm mpoaHaJi3yBaJH
MYJIBTUCIEKTPAJIbHL JJaHl cepeiHbol PO3JIJILHOT 3J@THOCT] 3 CYNYTHUKIB MPO-
rpamMu CBERS. lanwit ajroputM BUKOPHUCTOBYE HAOIp MaTeMaTHIHUX OMEpa-
Iiil HaJI CIIEKTPAJbHUMHU CMyraM#, 100 MOKPAIIUTH BHJIUMICTb XMap Ta IXHIX
TiHeN.

Lli MeTomM JAfOTH TOUYHI PE3yabTaTH, ajJe B 3HATHINA MIpi 3aJeXKaTh BiJl MO-
Jeseii araukiB (OCKIJIbKY BOHM € METOJIAMH, 3aCHOBAHUMHU Ha IPABUJIAX), &
HIPOIIOHOBAHI PillIeHHST HE € MAaCIITaDOBAHUMMU JIO 1HIINUX THIIB JaTINKIB.

Xy Ta cmiBaropu [24| mpegcraBuin OlIbII 3arajbHe PIllICHHs, BUKOPHU-
CTOBYIOUM METOJI KOMII IOTEPHOTO 30Dy JiIsi BUABJIEHHS JIEKIJIbKOX HU3bKO-
pPIBHEBUX O3HAK, TaKMX SIK KOJIP, OCOOJHMBOCTI TEKCTypu Tomio. s ominku

MIKCEeJIbHIX MaCOK aBTOPU BUKOPUCTAJIN KJIQCUYH] AJITOPUTMHU MallIMHHOI'O Ha-
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puannsg. O3kan Ta im. [25]| 3acrocyBasn rimboki Hefiponni Mepexi (Taxi sk
Feature Pyramid Network) sist cermenrariii xmap i3 xHusbkoopbitaabanx RGB-
300paxkenb cynyrHukip Gokturk-2 ta RASAT.

Takum 4rMHOM, NIPOaHAJIIB0BAHO TPUKJIA/HI 00JIaCTI AaBTOMATU30BAHOTO CKPU-
HIHTY B MEJIMIIMHI Ta MeTeopoJiorii. BusiBieno, 1o po3B’si3aHHs ICHYIOUNX 3a/1a4
KJacudikaIil Ta cerMeHTallil 0B sg3aHe 3 BAKOPUCTaHHAM YaCTKOBO-IIOMUJIKOBUX
aHoTalliil, yepe3 HenmpodecioHa I i3M aHOTATOPIB 200 CKJIAIHICTh TOCTAHOBKH 3a-
Jadi I8 aHOTaToOpiB. B Takmx ymMoBax, MOMIJIBHUM € BUKOPUCTAHHSA MOJENei
Ta METO/IiB PO3Ii3HaBaHHsA, 1110 0a3yI0ThCs Ha TVIMOMHHUX IITYYHUX HEHPOHHUX
Meperkax, OCKIJIbKU TakKi MeTO/u 3JIaTHI eDeKTUBHO HaBYATHUCS Ha OCHOBI Jia-
HuX, 6€3 HeoOXiTHOCTI PO3POOKH O3HAK CIIeljiajicTaMyi BpyUuHY. TaKo»K, BHKOPHU-
CTAHHSI METOJIIB TVIMOMHHOI'O MAaIMHHOTO HAaBUYAHHS 3MEHIIYE BUTPATH dacy Ha

PO3POOKY Mojeseil y MOPIBHAHHI 3 PyUYHOIO T'eHepalli€lo O3HAK CIelriaJicTaMMy.

1.2. Mogei riimOMHHOr0 MAIIMHHOTO HaBYAHHS

['nbunne MalvHHe HaBYaHHS - Tl€ YacTHHa OLIBII IMHUPOKOTro CiMeiicTBa
MoJieJiell MAIMMHHOTO HaBYAHHS, 3aCHOBAHUX Ha MITYIHNX HEUPOHHUX Mepey)Kax
(IIHM). Mertoan riambHHHOTO MANTUHHOTO HABYAHHS MOJETIOIOTH BUCOKOPIB-
HeBl abcrpaxifil 3a JI0OMOrow rpady 3 JeKJIbLKOX IIapiB, 0 1100y10BaHI 3
JIHIRHWAX, YW HEJIHIHHUX TTePeTBOPEHbD.

[Iryuni HeifipoHH] Mepexki — 11e 00UKUC/IIOBaJIbHI CHCTEMU, HATXHEH] 610J10r1-
YHUME HeiiponHuMu Mepexkamu. [ITHM rpyHTyeTbcst HAa CyKyIHOCTI 3’€THAHUX
BY3JIIB, 1110 HA3WBAIOTH IITYIHUMHI HEHpOHAMY (aHAJOTIIHO JI0 G10JIOTITHUX Hei-
POHIB y TOJIOBHOMY MO3Ky TBapuH). KoxkHe 3’ejHanns (aHajoriuie cuHarcy )
MK TITYYHUMM HEHpOHAMU MOXKE TepejlaBaThu CUTHAJ BiJl OJJHOIO JIO 1HIIOTO.
[ ryunuit HEIPOH, IO OTPUMYE CUI'HAJI, MOXKe 00POo0JIsiTH #oro, i MOTIM CHI'HAa-

JI3yBATH HITMM HEHPOHAM, TPUETHAHUM JI0 HBOTO [26].
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1.2.1. 3roprTKoBi HeiipoHHI MepexKi. Pepostioliisi B po3miznaBanHs obpa-
3iB Oysia 3pobJieHa 3a JOMOMOroK 3ropTKoBUX Heifponuux mepexk (3HM). Pa-
Hile, JiUIst 3aJia49 PO3Ii3HABAHHS BUKOPUCTOBYBaJIMCsH (PLIbTPU, SIKI 0OMpaJIKCs
BPYUHY, & I1iCJIsi HUX BUKOPUCTOBYBaBCs 1pocTuii Kiaacudikarop. Besnka repe-
Bara HEHPOHHUX MePEXK, MOJIATAE B TOMY, 1110 MOTPIOHI JIUITIe TPEHYBaJIbHI JIaHi.
Ha ocuoBi janux, (igbTpu 1 KaacudikaTopu HaBUYAIOTHCA aBTOMaTH4HO. Lle
CTaJIO0 0CODJIMBO MOTY>KHUM METOJIOM B 3aBJIaHHSIX PO3II3HABAHHS 300PakKeHb.

Jlani 3 300paXKeHb 3aXOILTIOETHCS 34 JIOMOMOTOI0 omeparliil 3ropTku. Buko-
PUCTOBYIOUM 3TOPTKOBI siJipa JIJIsi CKQHYBaHHs ILJIOr0 300parkeHHst, OTPiOHO
BUBYUTHU TIOPIBHSIHO HeOAraTo mapaMerpiB BiJJHOCHO TOBHO3B SIBHUX IITYYHUX
HeiiponHux Mepexk. OKpim besrocepeiHbo onepariil 3roprku, cydacui SHM Bu-
KOPUCTOBYIOTH HeJiHIIHI QPYHKIT akTHBAIl, onepariil miBruOipKK1 Ta HOpMaJIi-
3aI1il.

AxTuBamii. @yuknil akTHBaIil 320€31eIyYI0Th HeJIHIHHICTH HEHPOHHOT Me-
peki, BUKOHYIOUM HeJIiHITHE epeTBOPEHHS KapTh 03HAK, OTPUMAHOI BlJ| 3rop-
TKOBOT'O, DO MOBHO3B sI3HOT'O I11apYy.

Haiibisbmn sijjomuvn GyHkiisimu akruBalii B ganuii yac € [27]:

— curmonofibna (Sigmoid) [28];

— rinepbomiunmii Tanrenc (TanH) [29];

— iniiinuit pexrudikarop (ReLU) [30];

— HenibHuil giniitauit pexkrudikarop (LeakyReLU) [31];

— SoftPlus [32];

— gomnosrena Toroxkna ¢yukiis (Bent identity) [33];

— Swish [34];

— Mish [35].

['pacdikn 3a3navenux ¢yHkKiiii 300parkeno Ha puc. 1.1.

ITigBubipku. [lapwu nigBubipkn BUKOPUCTOBYIOTHCS JIJIst SMEHITIEHHST [TPO-

CTOPOBOI PO3JILJILHOT 3JIATHOCTI Ta arperaliil MpoOCTOPOBUX O3HAK. B cydacHux
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Pucynok 1.1. T'padiku nounyssipuux dpyukuiit akrusaiii [35]

HEHPOHHUX MepexKaxX BUKOPUCTOBYIOTHCs IMapu MiJBUOIpKKU 3 (PYHKIEID Ma-
KCHMYMY Ta CEpeJIHbOro apudMeTrudIHoro. TakoxK ICHYIOTH APy IiBUOIPKU 3

inmuMu bYHKIISIMHI, ajie BOHU He HaOyJIi 3arajbHOro 3acTocyBanus |36, 37, 38|.

Hopwmaumizariii. B cyyacHux HelpOHHUX Meperkax, LIapu HopMaJizariil
BUKOPHUCTOBYIOThCs JIJIsI cTabliizallil mpoiecy HaBdaHHdA. PO3MOJLIT BXOJIB KO-
JKHOTO APy 3MIHIOETHCS 1111, 4a¢ HaBYaHHS, OCKIJIBKU 3MIHIOIOTHCS [apaMeTpu
nonepe/iHix mapis. Lle yrnoBlibHIOE HABYaHHS, BUMaralouu HUXKIUX TEMIIB Ha-
BUYAHHS Ta peTeJbHOI 1HIIaII3aIll TapaMeTpiB.

HopwmaJtizariiss mpoBOAUTHCA HaJl KApTaMU O3HAK, a00 TX JacTUHAME, TTPUBO-
JI9U 1X JI0 pO3MOJILTY 3 cepeHiM 3HadennaM (0 Ta cTangapTHUM BIIXUJIEHHIM
1. Pizni tunm HopmaJiizaliiit siki 3acTOCOBYIOTHCS B HEHPOHHUX MepexKax BKJITO-
4aIOTh:

— nakerna nopmadizarist (batch normalization)[39;

— mnomrapoBa Hopmasizaris (layer normalization)|40];

— MOeK3eMIISpHa HopMaJizarisa (instance normalization) [41];
— rpynoBa HopmaJizanis (group normalization) [42].

BisyaJiizaliisi pi3HuX TUIIB HOpMaJiizalil 300paxena Ha puc. 1.2. Tyr N -
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KIJTBbKICTH KapT O3HaK B makeri, C' - po3MipHICTb KaHaJiB KapTu o3Hak, H, W
- IPOCTOPOBA PO3MIpHICTL OfHOr0O KaHnajy. CHHIM BHJIIJIEHO HabOpU O3HAK, Ha

SIKMX OOUYMCJIIOETHCS CEPEJIHE 3HAYCHHS Ta CTAH/APTHE BlJIXUJICHHS.

Pucynok 1.2. Bigyasizanis pisuux tunis Hopmasizaiii [42]

1.2.2. Mogeui 3roprkoBux IITHM ngna kaacudikairii 300pakeHb.
PosrjisineMo Mojie1i 3ropTKOBUX HEHPOHHUX MEPEeXK, 110 MOXKYTh OyTH BUKOPU-
crani jijis Kjaacudikallil B cucreMax aBToOMaTU30BaHOTO CKpUHIHTY. Taki 3rop-
TKOBI MEPEXKi TAKOXK MOXKYTh OyTH BUKOPUCTAHI B POJII €HKOJIEPIB JIJIsi B IHINNX

MOJIEeNISIX, HAIIPUKJIA, JJIs 3aJad cerMeHTallll.

Mopaenp Heiipounoi Mepexki AlexNet. AlexNet € onmiero 3 naiiep-
IIUX BJIAJIHX CIIPOD 3aCTOCYBaHHS IITYUYHHX 3rOPTKOBUX HEHPOHHUX MepPexK JI0
300paXkeHb y BeJaukoMmy maciTadi. Ha BiaMiny Bij OLIbII paHHIX poOiT, aBTOPU
JIOCSTJIM BEJIMKOIO TIPOPUBY Ha BeJMKOMY HaOopi janux ImageNet [43].

ApxiTekTypa HEHPOHHOT MEpPeXKi € JOTTIHUM TTPOJOBXKEHHsIM PO3poboK 4.
Jlekyna [44| nis posnisHaBaHHs PyKOIUCHUX JITEP 3a JIOMOMOTOI0 3TOPTKOBHUX
neitponnnx mMepesk. AlexNet ckitagaeTbest 3 BOCBMHE IIAPIB, HepIl I ITh 3 IKUX
- 3rOPTKOBI, a OCTaHHI TpH - MOBHO3B st3uuMu mapamu. AlexNet BukopucroBye
dyukiiro akrusaiil ReLLU, sika jiemoncrpyBaJia nokpalieHi pe3ysibraTu HaBda-
HH¢ B HMOPIBHSIHHI curMonoioHom. st 301IbIeH s 110JIs 30PYy, aBTOPU BUKO-
PUCTAJIM BEJUKHI PO3MID sijipa B HEPIIUX 3rOpTKOBUX mapax (11 Ta b mikcesis

BIJIIIOBIJTHO )
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st Toro, mob MaTH MOXKJIMBICTb HaBUYaHHS HE BEJIMKI KiJIBKOCTI 300pa-
’KEHb TOPIBHSIHO BHCOKOI PO3JILJILHOI 3JaTHOCTI, aBTOPH PO3POOUIN AJTOPUTM

lapaJieJbHOIO HABYaHHs Ha JIeKkiibKOX rpadiunux nponecopax (GPU).

Pucynok 1.3. I'padiuna penpesenratisi mojesi neiiponnoi mepexi AlexNet [45]

Taxoxk, aBTOpHM BIIEpIIe MOKa3aJd MOXKJIUBICTH BUKOPUCTAHHSA KapT O3HAK
sIK Mipu 1oJIIOHOCTI Jiist BXiJIHUX 300parkeHb Ta HEeOOXiJIHICTH peryJisipusallil
JIUIs 3aI10bIraHHs rmepeHaBYaHHIo.

Apxitexktypy AlexNet Oyso Bukopucrano s Kiaacudikaril OioMennaHnx
300paxKkeHb 3 BUCOKOIO JIOCTOBIpHICTIO [46].

AlexNet BBaxKaeTbcsl OJIHIEIO 3 HANBIIMBOBININX MOJeNell HEHPOHHUX Me-
peX B rajiysi KOMII'IOTEPHOI'O 30Dy, s1Ka CIIPUsia PO3BUTKY MOJAJIBLIITUX JOC/Ii-
JKEHb B 00J1acTl TIIMOMHHKUX TTYIHNX Mepexk. OIHaK, CyTTEBUMHU HeL0JIIKaMn
JIAHOT apXITEKTypPHU € HEMOXKJIMBICTD IIIBUIIEHH TVIMOMHY HEPOHHOI MepexKi Ta
CKJIQJTHOCTI ITPEJICTaBJIEHD, 0 BUPIIIYETHCS MI3HINAMI BaplaHTaMu HEUPOHHNUX

Mepex.

Mopensp HeiipornHoi MepexKi VGGNet. VGGNet € inkpemeHTaIbHIM
nokpariennsiM apxirekrypu AlexNet, B sikomy ajipecoBaHO HpoOJIEMY MPOJLY-
KTUBHOCTI Ta CUCTEMaTU30BAHO 3aJICXKHICTH TOYHOCTI BiJ| IJIMOMHU HEHPOHHOI
mepexi. [lokparennst npoayktusHocTi B nopiBastaAl 3 AlexNet mocsiraernhest
3aMIHOI0 BEJIMKUX PO3MIpIB siyipa 3ropTku (111 5 y meprmoMy ta Jpyromy 3rop-

TKOBOMY IIIapi, BIJIMOBIIHO) KiJIbKOMa 3TOPTKAMHI 3 PO3MIPOM sIpa 3X3 0JTHA 34
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ojiHo10. TakoXK, 3a paxyHOK BUKOPUCTAHHS O1JIbIIOI KIJIbKOCT] HeJTIHIHHUX aKTH-
Balliil, MBUIYEThCA IUKPUMIHAIIHA 3MaTHICTh HEHPOHHOI Mepexki. Tak, Tpu
3rOPTKHU 3 SJPOM 3X3 OJiHa 3a OJHOIO Ta KPOKOM 1 MaioTh TOM caMuii po3mip
10JIsl 30pY IO # OJIHA 3TOPTKa 3 PO3MIPOM sijipa X7, ajie KUIBKICTh 3aJ1THUX
napamerpis cranosuth 3 - (32C?) nopisnsno 3 72°C? napamerpis ajst stjep pos-
mipom 7x7. Tyt C - 11e KiIbKICTh BXIJHHX Ta BUXITHUX KaHAJIB 3rOPTKOBOTO
apy.

ABTOpPH TOPIBHIOIOTD JEKiIbKa HEHPOHHUX MepPexK, 1K1 BiIPISHAIOTHCS JIAIIEe
KiJIbKICTIO 11apiB. BuxijiHa TabJiniist MOPIBHAHHS apxXiTeKTyp 3a3HadeHa Ha, PUC.
1.4.

B janiit podboti OyJsio IIPOJIEMOHCTPOBAHO, IO INIMOMHA HEWPOHHOI Mepexi
CIIpUSIE MABUITIEHHIO TOYHOCTI Kytacuikaillil, a TAKOXK TOro, 110 MOXKHA, JJOCATTH
BUCOKOI TOYHOCT1 3a JIOTIOMOTOIO JIIHIMHOI apXITeKTYpH 3TOPTKOBOI HEHpOHHOT
mepexki. OHaK, CyTTEBUM HEJIOIKOM 3aJIMIIAETHCA HEMOXKIUBICTD 111 JIBUITICHHSI

MJIMOMHYU Ta, CKJIAHOCTI NPEJICTABIEHD BlIIIOBIIHO.

CimeiicTBO Moesieit HeiipoHHUX Mepexk Inception. Mepexa Incepti-
on [48]crasa BaxkJMBOIO BIXOI0 B PO3BUTKY 3rOPTKOBUX HEHpoHHUX Mepex. J1o
i€l poOOTHU, 3ropTKOBI HEHPOHHI MepexKi sIBJislJin cODOI0 IOCJIIIOBHI onepariil
3rOpPTKH, akTuBaIll Ta miasudipku. o ciMmeiicTa Inception BxomsaTh Heilponmni
Mepexi, 1110 OyJin clielriaJjibHO PO3PO0JIeH] JiJist HiJIBUIIEHHS TOUYHOCTI Ta 1POJLY-
KTUBHOCTI. TakoxK, I apXiTeKTypa JI03BOJIUIA TIJBUIIUTH K TVIMOUHY, TaK i
CKJIQJTHICTh perpe3eHTalliil 3a JIOMOMOro0 Mo IHAHHS JIEKIJIHLKOX PI3HUX OTepa-
1.

ABTOpU PO3TIIAIAI0ThL TPOOIEMY BAPIaTUBHOCTI PO3Mipy 00’€KTIB Ha 300pa-
JKEHHsIX: BUOIP 11PABUJIbHOIO PO3MIPY sijipa JiJisi Ollepallil 3rOPTKU CTae BaXKKUM.
Binbie siapo kpaiie mixoauThb st BUlJIeHHs iHdopMaliil, sika PO3IOBCIOJIKe-
Ha OLJIBIT TJI00AJILHO, a MEHIIE sAJIPOo - JIJIs iHPOPMAIIiT, siKa PO3MOBCIOJYKYEThCsT

JIOKaJIBHO.
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Pucynok 1.4. IlopiBusang mogeneit VGGNet 3 pisaoro kinbkictio mapis [47]
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st BupiineHHs 11iel mpobjieMu, aBTOpY BUKOPUCTOBYIOTH JIEKIIbKa OIllepa-
Il 3rOPTKU 3 PI3HUMHU PO3MIPaAMU sjpa B OJIHOMY Iapl HEHPOHHOI MeperKi.
OCKJIBKY BUKOHAHHSI 3rOPTOK 3 BEJMKOIO KLJILKICTIO KAHAJIB € JIOBI'OIO Olepa-
€10, aBTOPU 3MEHIITYIOTH KIJIBKICTH KaHAJIB 3a JIONOMOI'0I0 3TOPTOK 3 PO3MIPOM
siapa 1x1. Opue Takuii map Ha3WBaEThCst 0.40k0M Inception, apXiTeKTypa STKOro

300pakeHa Ha puc. 1.5

Pucynok 1.5. Buiok-cxema Inception v1 10 a micsist poskiiary[48]

Heiiponna mepexxa GoogLeNet [49]| cknaganacs 3 22 mapis B rinbuny Ta
Oysa HajirimmoIon Ha Toil yac. s Toro, mob 3amobirTi 3aTyXaHHIO I'Da/li€H-
TiB, BAKOPUCTOBYBAJIKCS JIOJATKOBI KJIacU(IKATOPU HA MEHII TJINOOKKUX PIBHSIX,
pe3yJibTaTi siKKX OyJIO JIOJAaHO JIO (DYHKIIT BIPAT.

B nacrynuux poborax [50], aBTopu HPOJIOBKYIOTH 1JII0 3MEHIIEHHST KiJib-
KOCTI1 omiepaliiif, JIyist 90ro BBOAATH PO3KJIAIAHHS 3rOPTOK 3 BEJIUKUM PO3MIPOM
sg/ipa Ha JIeKIJbKa MEHIINX 3TOPTOK. TaK, aBTOPU MPONOHYIOTH PO3KJIaIaHHd
3rOPTKHU 3 s/IPOM PO3MIPY DXO Ha JIBl 3TOPTKHU 3 PO3MIPOM SJIpa 3X3, a 3TOPTKU
3 pO3MIpoM sjpa 3X3 Ha JABl 3ropTKu po3mipy 1x3 ta 3x1 Bimmosimno. Lle mo-
3BOJISIE 3MEHIIUTH KIJIbKICTh l1apaMeTpiB B HEWPOHHI Mepexi 1pu 30epexKeHH]
IMOMHM, 3MEHIIYI0UYM HeOOX1JIHI pecypcH Jijist 0OUNCIICHHSI.

Cxema 0J10kiB Inception v2 Ta v3 300paxkeHno Ha puc. 1.6

B meitponniit mepexi Inception v2 Bmepime Oysio 3acTOCOBaAaHO METOJ, HaKe-
THOI HOpMaJizaIii [39], Mo 103BOJINIO 3HAYMHO TPUINBUIIATH HaBuaHHs. Ta-

KO, OYJIO T10Ka3aHO, 1110 JI0/IaTKOBI Kjacu(ikaropu He MalOTh BILIUBY Ha 3aTy-



49

Pucynok 1.6. Biiok-cxema Inception v2 10 a micsist poskiiary[50]

XaHHs I'PAJIIEHTIB, ajie MalOTh BJIACTUBOCTI peryJisipu3aliil, ocobJIMBO Ha OCTaH-
HIX cTaJigX HaBYaHHA. HemomikoM 11iel apXiTeKTYypH CTaJIO 3HAYHE T IBUITICHH
4acy HaBYaHHSI, a TAKOXK, I11JIBUIIEHHS BUMOI' JIOCTOBIPHOCT]I HaBYaJIbHUX BUOI-

POK.

CimeiicTBo Mojedsieit HeiiponHux mepexk ResNet. CimeiicrBo Heii-
pounux mepexx ResNet Oysio 3acHoBaHO Ha HOBOMY METOJIi 3aJIMITTKOBOIO HaBYa-
HHs, 1110 OyB IIpeJicTaBJIeHuil B Tiii caMmiii pobOTi, 10 i apXiTeKTypa HeiipoHHOI
Mepexi [7]. ABropu poss’si3ytoTh mpobsiemy Toro, Imo 361IbIIeH ST IIHOUHY Heji-
POHHOT MepexKi 3MEHIITY€E TOUHICTD sIK Ha HABYAJIHHOMY, TaK i HA TECTYBAJIHLHOMY
HA0OPI JlaHUX.

B pobori nokazaHo, 110 MeToJi CTOXaCTUIHOTO I'PAJIIEHTHOIO CIYCKY HE TPHU-
JATHUI 710 ONTUMI3allil ITMOOKNX HEefpoHHUX MepexkK. Tak, HaBeJIeHo eKCIepu-
MEHT, B SKOMY MiXK IlapaMy HerJIMOOKOI HePOHHOI MeperKi BUKOPUCTAHO IapH

TOTOXKHOT'O BijloOpaskeHHs1 ab0 JI0IaTKOBI 3rOPTKOBI MIapH 3 (PYHKIEID aKTHBA-
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1ii. [Tokazano, 1110 Jj1s0 OLIbII IIMO0KOI HEPpOHHOI MepexKi Ma€ iICHyBaTH piliie-
HHsI 3 TOUHICTIO HE MEHIIIO0, HiXK JIJIsT HerJInOOKOI HEfPOHHOI Mepexi, aJe, Ha
HPAKTUI, TOYHICTH OLIbII IJIMOOKOT HEHPOHHOT MEPEXK1 3aJIUIIAETHCS HUKUYOIO.
st 301bIeHHs TJIMOMHU HEMPOHHUX Mepexx 0e3 BTpaTu TOYHOCTI, B pobOOTI
3aIPOIIOHOBAHO METOJI, 3aJIMIITKOBOIO HABUAHHSI.

Hexait H;(x;_1) - 1e BioOpakeHHs, 110 38JIa€ThCs JIEKITbKOMa IapaMi Heii-
POHHOI Mepexi, Jie x;_1 - e BXIIHUI TeH30D JI0 MePIIoro 3 IUX MapiB. fAKINO
MPUTTYCTUTH, IO JeKITbKa HEeJIHIMHUX MapiB MOXKYTh AITPOKCUMYBATH OY/Ib-AKY
HeJIHIAHY PYHKIIIIO, TO JIOMYHO HNPUILYCTUTH, 1[0 BOHU MOXKYTb allPOKCUMYBATH
i sasmuiikoBy Gyukiio: Fi(x;_1) = Hi(x;—1) —x;—1. Toxi, opurinanbhe Bijobpa-
wkenus crae Hy(x;—1) = Fi(xj—1) + x;-1. Xoua 11i BijioOparkeHHs € eKBiBaJICH-
THUMH, aJTOPUTMY ONTHUMIi3allil «IIPOCTilIe» TaKUM UYMHOM BHUBUUTHU TOTOXKHY
GYHKII0, OCKIILKK JIJI 1IBOI'O JIOCTATHLO HAOJU3UTH Baru IIapiB HEHPOHHOI
Mepex1 10 HyJIs.

B poboTi aBTopu mpomnoHyoTh OJOKK HEHPOHHUX MEPerK, IO CKJIAJAI0ThCs
3 JIEKLJIbKOX 3rOpTKOBUX mapiB 3 ¢dyHKIiewo akTualil ReLU Ta o0’egHanns 3

BXIJIHEM TE€H30poM mepiroro mapy. Cxema Takux 0J10KiB 300parkeHa Ha puc. 1.7

Pucynok 1.7. Cxema 3sayminkoBux OJiOKiB HeiipoHHnx wmepexk ResNetl8 ra

ResNet50 [7]

3aBJIIKM BUKOPUCTAHHIO TaKKX OJIOKIB, CTaJja MOXKJIMBOIO 1100y 10Ba HAI3BHU-
JyaiiHo rinboKuX HefipoHHUX MepexK. B ekcriepuMenTax, aBToOpy 3aIIPOIIOHyBaJIn
apXITeKTYpH, 110 cKaagaoThed 3 18, 34, 50, 101, 152 Tta 1202 3ropTkKoBUX I1apiB,

Ta MOXKYTh OyTH OITUMIZ0BaHI CTaHJaPTHUMU METOJaMK (HAIIPUKJIAJ], METOJIOM
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CTOXACTUIHOTO TPAJIEHTHOTO CITyCKY). TakoXK, BUKOPUCTaHHS WX OJIOKIB J10-

3BOJIMJIO 3HAYHO MIJIBUAIIUATH IIBUIKICTL HABUYAHHS HEHPOHHUX MEPEK.

CimeiictBo mozmeseit HeiiponHux mepexk DenseNet. Apxirtekrypa
nefipornnux Mepex cimeiicrsa DenseNet [51] € soriunum mpooBxKeHHsIM ij1eit,
zanpononoBanux B apxiTeKTypi ResNet. B jmaniii apxXiTeKTypi TakKoXK BUKODPH-
CTOBYETHCS METOJI, 3aJUIIKOBOIO HaBUYaHH:A, ajie, Ha BIJIMIHY BIJI apXiTeKTypHu
ResNet, mocaimoBai mapu nmoeanani KO>KHU 3 KOYXKHIM.

st Toro, mod nijBuimuT 00’eM iHdOpMalil, sKUM OOMIHIOIOTHCS I1apu
HEHPOHHOI MepeXki, aBTOPH MPOIOHYIOTH BBECTHU TIPsiME 3’ €IHAHHS BiJl KOYKHOTO

apy JI0 BCIX HACTYIHHUX:
z; = H([xg, 21, 23...21-1]) (1.1)

ne [xg, T1, x3...7—1] - KOHKaTeHalis Beix KapT akTuBallil 3 mapis Big 0 1o [ — 1.

Taxka 3MiHa apXiTEKTYpPH JO3BOJUJIA OCTAHHIM IIapaM MepeBUKOPHUCTOBYBa-
TH O3HAKHU 3 TOIMEPEeJIHIX, 110, B CBOIO Yepry, JO3BOJNUIO 3MEHUIIATH KIJTbKICTD
napamMeTpiB B HEHPOHHIN Meperkl Ta MJIBUIUTH TOYHICTD.

I'pad meiiponnoi mepexxi DenseNet 306pazkeno na puc. 1.8.

Pucynok 1.8. I'padiuna pernpesentaliisi Mojiesii Heiiponnoi Mepexxi DenseNet

[51]

Ha npakruiii, xoua apxitekTypa J03BOJISIE JOCAITH OLIbINOI TOYHOCT] 3 BU-
KOPUCTAHHSM MEHIIOI KIJIbKOCTI IapaMeTpiB, Ha Yac BUXO/Y POOOTH, OLIBIIICTH
peaJiizaliiii, 3aCHOBAHUX Ha IONYJIIpPHUX (PPeiiMBOpKaX MAIIMHHOIO HaBYaHHS
BUMAaraJii OLIBIIOI KIJIBKOCTI OIEpaTUBHOI IHaM ATl Yepe3 HeoOXiJIHICTh KOIio-
BaHHA KapT aKTHBAIll JJIs KOXKHOTO 3 mapiB. TakuM duHOM, HaiBHA peajida-
(L(L—l))

2

mist apxitektypu DenseNet norpedysana O ollepaTUBHOI 1aM 'siTi, Jie
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L - XijnpKicTh 1mapiB . 3 po3BUTKOM (PpPeiiMBOPKIB MaIIMHHOIO HaBYaHHS, OY-
Jla peaJsii3oBaHa MOXKJIMBICTH IEPEBUKOPUCTAHHSI TEH30pIB 0€3 KOIIIBaHHA, 10
JI03BOJIMIIO 3HU3UTH 10TPeOy oneparusrol nam’siti o O(L) [52], opnak uac

HaB4YaHHA 3a/JIUIINBCA 3aHAJATO BECJIMKNUM.

CimeiicTBo MmozeJieii Heiipounux mepexk ResNeXt. Apxitekrypu ci-
meiicrea ResNeXt [53] € sioriunumM 1pojioBKeHHsIM METO/IiB, 3aCTOCOBAHUX B
apxiTekTypax Inception ta ResNet. OcnoBHOIO ijie€t0 1€l apXiTeKTypu € BUKO-
pucranis HabOPy 3 JIEKLIHLKOX IIPOCTUX OJHAKOBUX TpaHc(opMaIiiil B IpocTopi
HU3BKOI PO3MIPHOCTI B KOXKHOMY 3 IIapiB HEHPOHHOI MepexKi.

Tak, aBropu HPOIOHYIOTH PO3JILIMTUA 3rOPTKOBUI 1I1ap Ha JIEKLJIbKa Hapa-

JIJIbHUX TpaHcgOopMaliiil, pe3ysibTaTi 3 SKUX arperyrbes:

C

H(zia) =Y Ti(wi) (1.2)

i=1
ne T; - e Oyab-sKa HeJiHiina QYHKII, M0 IPOEKTYE BXiJ T 1 JO IPOCTO-
Py HU3BKOI pO3MIPHOCTI, TpaHCHOPMYE HOro, Ta MPOEKTYE pe3yJbTaT Ha3all B
poctip Bucokol posmipaocti. Tyt C' - nOTy»KHICTh MHOXKUHK TpaHCHOpPMAILiil.

['padiuny penpesenranito 0i0ky ResNeXt zobparkeno na puc. 1.9

Pucynok 1.9. I'padiuna penpesenrariis 6soky ResNeXt [53]
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B poboti aBTOpHU IPOBOJIATH €KCIEPUMEHTH BiJJHOCHO BarKJIMBOCTI IIapaMe-
Tpy C' BiHOCHO IHIIUX, Ta IOKA3YIOTh, 1110 301ibIneHHs C' HiJIBUINYE TOUHICTH
Olsibliiie, Hi>K 1I1JIBUIIEHHS KiJIbKOCTI KaHAJIB 3rOpTOK. TakoxK, B poOOTI 110Ka3a-
HO, 1110 TaKUit MeTO/1 3/IaTHUI CTBOPIOBATHU Kpallll perpe3enTaliil BX1JIHUX JIaHUX.
HeostikoM 11b0ro mijIxo/1y € BiICy THICTH y3araJbHeHHsI MeTO/ly MacIITaOyBaHHsI

MojieJieil HeipOHHUX MepexK JIJIsl PI3HUX 3a/jad.

CimeiictBo Mmopedieii HeitpoHHux Mepexk EfficientNet. CiwmeiictBo
Heitponnnx mepexx EfficientNet rakox € joriaHnM MpogoBKeHHSIM apXiTeKTy PH
ResNet. B janiit poboTi Brepiie po3rJisla€ThCs IapaMeTpHIHa MOJIe/b Ta, y3a-
raJbHEHUI MeTOoJi MacIITadyBaHHs 3rOPTKOBUX HEUPOHHUX MEperK st 301/1b-
IIIEHHS TOYHOCTI 1] 3aJaHUi 00YNCIIOBAIBLHI MOMKJIMBOCTI.

ABTOpH TPONOHYIOTH METOJ, 3a JIOMOMOI'OI0 STKOI'O MOYKHa MaciiTabyBaTn
OJIHOYACHO BXI1JIHY PO3JIJIbHY 3/IaTHICTh 300paskeHHsl, IJTMOUHY Ta, MUPUHY Heli-
ponHol Mepexi. HaBeeno criocreperkenns, 1Mo 1Ml BeJIMIUHN He € He3aJIeXKHIMU.

3aBJIAKH I[bOMY METOJy MacIITaOyBaHHSI, aBTOPH IIPEJICTABJISIOTH 8 BapiaH-
TiB HEHPOHHOI MepexKi, MO BiIPI3HAETHCsT HEOOX1THOO TOUHICTIO Ta TPOIyKTHB-
HICTIO: Bl HAMEHIIIOl JI0 HAHO1IbIIO].

Takum 9MHOM, MMPOBEJICHO aHaJ i3 BUBHAUHUX MOJIe/Iell 3ropTKOBUX HEWPOH-
HUX MepexK JiJisd 3a1a49i Kiacudikallil 300parkenb. BusiBjieHO, 1110 OCHOBOIO CTPY-
KTypHu MoJieJiell € TToeIHaHHs 3rOPTKOBUX Ta HEJIHIMHUX ITapiB, a TaAKOXK, Iepe-
Jada, indopmalii BiJl BXOAY JIO BUXOJIY {K Uepes JIHiiHI omepallii, Tak 1 uepes

HeJIHIHI.
1.2.3. Mogeui 3roprtkoBux IITHM paja cermenTalrii 300pakeHb.

IToBHicTiO 3ropTkoBa HeliponHna mepexa. (anea. Fully-convolutional
network, FCN) |54| - ne nepiira HeitpoHHa Mepezka, 110 BUKOPUCTOBYBAJIA JIUIIIE
IIapy 3rOPTKH, aKTUBAII Ta MiABUOIPKK, HE BUKOPUCTOBYIOUN TOBHO3B SI3HUX
IapiB B 3aJiadl CeMaHTHIHOI CeTMeHTAITll.

OCHOBHOIO TIEPEeBaroio IbOI0 X0y CTajia MOXKJIMBICTH HABUAHHSI Ta, IIPO-
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I'HO3YyBaHHs Ha 300parkKeHHsIX PI3HOro po3Mipy, 63 3MiHM HapaMeTpiB HepOH-
HOI MepexKl.

B janiit podotri Buepiie 0yJ10 3aCTOCOBAHO METOJI TPAHC(EPHOI'O HaBYAHHSI
3 3aJ1a4l KJjacudikallil Ha 3ajiaday cermenTaliii. st mporo nepii mapu HefipoH-
HOT Mepexxi OyJ10 iHiNiai30BaHO 3a JIONOMOT'OIO MTapaMeTpiB, OTPUMAHUX MIC/Ist
TpenyBanHs Ha Habopi manux ImageNet [43].

st oTpuMaHHSI MacOK CerMeHTallll, IOBHO3B sI3H1 1apu OyJI0 CKOHBEPTO-
BAHO B 3TOPTKOBI, a TaKOXK OYJO JOZAHO 1H(OpPMAIIO 3 MEePIIuX IapiB JJIsd
30epexkenHs MpocTopoBux o3HaK. ['pad neitpornol mepexxki FCN 300parkeno Ha,

puc. 1.10.

Pucynok 1.10. I'padiuna pernpesenrariiss mogesi nefipornol mepexki FCN [54]

Tyr, pool[1-5] - kapTu akTuBaIll Hic/Is BIANOBIIHUX onepariiil mijgBubipku,
a upsampled - KapTy aKTHBAINI Mic/s OLIIHIKHOL IHTEePIIOJIAIIL.

HenmosikaMu p0r0 miIXoay € HI3bKa TOUHICTh CeTMEeHTallll, OHaK, 115 CTPY-
KTypa MOJEJl cTaja BU3HATHOIO JJIsI PO3BUTKY 3TOPTKOBUX MEPEXK B 3aJadaX

cermMeHTallll.

Mopesn Heiipounnoi mepexi SegNet. SegNet (cezmenmauitina mepe-
olca) |55]- nepiira MOBHICTTIO 3ropTKOBa, HEHPOHHA MEpPEKa, 110 BUKOPUCTOBY BaJla
apxiTekTypy Tuiy "eHkojep-aeokaep Ayt BUPIeHHsT 3a/1a91 CeMaHTUIHOI ce-
rMenTalil. B maniit apxiTeKTypi, eHKOJep CTHCKAae CeMaHTHIHE IPeJICTaBIeHHA
JIO OLIBII KOMIIAKTHOI'O IpocTopy. Posib Jiekosepa mnoJisirae y BijioOparkeHHi 3
KOMITAKTHOT'O MTPOCTOPY 3 HU3BKOIO PO3IJILHOIO 3JATHICTIO ¥ KapTy aKTUBaIlil

HHOBHOI'O PO3MIPY JIJist Kjlacudikallil KOXKHOI'O T1KCeJIs.
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ApxiTekTypa Mepexki eHKOJiepa TOMOJIOrIIHO IIeHTHYHA 13 3rOpTKOBUM IIa-
pam mepexi VGG16 [47].

Hosuna SegNet noJsisirae B ToMy, siK JIEKOJAED I1JBUIILYE POIIUPEHHS KAPT
aKTUBAIll HU3bKOI'O PO3MIKUPEHHsi. Tak, JIeKojIep BUKOPUCTOBYE 1HEKCH Ollepa-
it maBuOIPKM, 0OYMCIeH] Ha BIJIIIOBIIHOMY I1api eHKojepa, JiJjis HeJIHIHHOTO
HiIBUAIEHHS pO3MIUpeHHsd. KapTtu akTuBallil miIBUIEHOr0 PO3IIMPEHHS BUSIB-
JISIIOThCST PO3PIJIZKEHUMHU, JIJIsI TOro, 1mob 3poOUTH IX IMIJILHUME, BUKOHYETHCS

JeKiIbKa orepailiiii 3roptku. Ctpykrypa SegNet 300parkena na pucynky 1.11.

Pucynok 1.11. I'pad meitponnoi mepexi SegNet [55]

HeromikoM 11bOro mijIxojly € CKJaJJHICTh HaBUYaHHs, 110 BiJIOYBaETbCs Yepes
Te, IO TPaJl€HTa BIJ JAeKoAepa MPOXOIAATh 0 €HKOoJepa JIUIIEe depe3 1HIEKCH
orepariil mijaBubOIpKK, CyTTEBO 30LJIbIIYIOUYN KiJIbKICTh HEOOXIJHUX JaHUX JIJIsi

HaB4YaHH.

Mopens ueiiponnoi mepexxi UNet. U-Net (U-nodiona mepeorca) |56] -
MIOBHICTIO 3TOPTKOBa HEHPOHHA MeperKa, 0 CKJIAJAETHCI 3 CHMETPUIHIX €HKO-
Jlepa Ta JieKojiepa, B SIKUX, Ha BiaMiay Bijg SegNet 3aMicTh iHIE€KCIB miaBUOIPKH,
JIO JIeKojiepa IepejlaloThCsd KapTu aKTHUBAIlll eHKojJepa HalpsMy, depe3 olepa-
1ifo kouKarenallii. OKpiM CIIPOIIEHHsT KOJLyBaHHsI, TaKa, OpTraHi3allis MepexKi 10-
3BOJIMJIA CIIPOCTUTH HaBYaHH:A, OCKIJIbKH Iepejida iHdopmaliil crajia IIOBHICTIO
nuepeHIitoBaHoIo.

Takoxk, 17151 3a0e3medennss MOXKINBOCTI HaBYaHHs Ha MaJjiil KIJILKOCTI Jia-

HUX, BUKOPUCTOBYETHCS BEJIMKA KIJIbKICTH PISHOMAHIHUX ayIMEHTAIil BX1HUX
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300paXkeHb, 1100 CUHTETUYHO 301LJIBIIUTHA PO3MIp HAOOPY JaHUX.

J11s1 GBI YITKOIO pO3IO/IiJIeHHS OJIM3bKO PO3TAlIOBAHUX 00 €KTIB, aBTOPU
3alPOIIOHYBAJIM ClIELiaJIbHy 3BaXKeHy (PYHKIIIO BTpaT, 110 3a0e311e4dyBaJia O1jbiil
qiTKe popMyBaHHS I'paHUIlb 00 €KTIB.

Xoua, OpUTiHAJIBHO I apXiTeKTypa OyJia 3aIPOITOHOBAHA, 1T CeMaHTHIHOI
cerMeHTanil ImaaHapHuX MIKPOCKOMIYHUX 3HIMKIB, HOMAJBII JOCILXKEHHS II0-
Ka3aJiu 11 3aCTOCOBHICTD B IIIMPOKOMY CIIEKTP1 3aJ1ad CEMaHTUIHOI cerMeHTallll.

Crpykrypa Heiipornoi Mepexxi U-Net 3o0paxkena Ha pucynky 1.12.

Pucynok 1.12. T'pad neiiponnoi mepexi U-Net |56]

B opurinasbhiit pobori, Mmojiesib 0yJjio HaBueHo Ha MmenIn HixK 100 300paxke-

HHSIX, 1110 € CYTTEBUM IIIBUIIEHHAM €(PeKTUBHOCTI BUKOPUCTAHHS JIAHUX.

Mopaenn HeiipoHHOI Mepexki LinkNet. Apxitekrypa HeitponHol mepe-
»ki LinkNet € nojanbiium possutkoM apxiTekTypu U-Net, 1 TaKOXK CKJ1a/1a€ThCs
3 €HKOJIepa Ta JIeKojiepa, 110 MOoe HaHl depe3 TPOMIXKHI KapTH aKTUBAITII.

Ha sigminy Bij U-Net, LinkNet sukopucrosye ResNet B sikocti enkojiepa,

a TaKOX I TIOEJHAHHS KapT aKTHUBAIlll eHKoJiepa Ta JIeKoJiepa BUKOPHUCTOBYE
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OTIepalIliio cyMu, 3aMicThb KoHKaTeHalil. [le 103BonI0 3HaATHO 3MEHITUTH KiJlb-
KICTh ITapaMeTpiB, HiJBUINATHU IMIBUJIKICTh TPEHYBaHHSA IPU 30€pesKeHH] TOTHO-
cTl cerMeHTalll.

Takox, aBropu LinkNet Briepiie BukopucraJiv injiykrusnuii nepenic 3 ImageNet,
BUKJIFOUHO JIO0 €HKOJIepa, 3aJUITUBIIN JEeKOAEP BHUTAAKOBO 1HIIIAJJII30BAHUM Ha
MOMEHT TI0YaTKy HaBIYAHH.

Crpykrypa Heiipornoi Mepe:xi LinkNet zo0paxkena na pucynky 1.13.

Pucynok 1.13. I'pad neiiponnol mepexi LinkNet [57]

B nopanbmumx poborax, aBropy 3a3BMYail Ha3UBAIOThL CBOI apxiTeKTypu U-
Net-noibanmu, xoua, Hacnpasi, Boru € omxkanmu 1o LinkNet. [58, 59, 60)].
Bukopucranist 1HAyKTUBHOIO IIEPEHOCY € HePIIUM IPUKJIAJIOM BUKOPUCTAHHST

MeTo/IiB Oararo3ajaqHoro HaBuaHHs B 3a/1a9i cerMeHTallli 300paskeHb.



o8

Monens ueiiporHoi mepexi Feature Pyramid Network. Bnepiie
pospobJiera s 3a1a4 jeTekIil 00 ’exrin, Feature Pyramid Network (FPN) [61],
OyJia yCIiIHO 3acTOCOBaHA JIJist 33/1a9 CEMaHTUIHOI cerMenTaliil [62].

Crpykrypa FPN ckiajaernbes 3 JIBOX HUISIXIB: Ha OJIHOMY 3 HUX 3MEHIIIY-
€ThCsl TIPOCTOPOBA Ta PO3MIPHICTH 361IbITYEThCsT NIMOMHA KApT O3HAK (IIsIX
3HU3Y BBEpX), Ha IHIIOMY - HaBmaku (MuiAx 3Bepxy-Buu3). Lngx sHu3y-BBEpX
IpeJICTaB/IsI€ CODOI0 3BUYANHY 3TOPTKOBY HEHPOHHY MEpPexKy (SaSBanI‘/’I, 3 Cl-
meiictBa ResNet). [Insx 3Bepxy-BHU3 MpeCTaBIIsie COOOI0 TOCTIIOBHICTE 3r0p-
TOK Ta orepaliiil mJIBUIEHHS PO3IMTUPEHHS.

st oTpuMaHHsI KapTh aKTUBaIlll, 3 siKOl OyJile OTPUMAHO PE3yJbTaT Ce-
MAHTHUYHOI CeIMEHTAIlil, BCl PiBHI JileKojiepa 0OpOOIIOIOTHCS JIBOMA OIepallisgMu
3rOPTKH, MICJIA YOr0 MPUBOJATHCS JIO OJJHAKOBOTO IMPOCTOPOBOIO PO3MINPEHHSI.
orepaliil 3rOpTKHU.

Crpykrypa meiiponnoi mepexi FPN mist cemanTnanol cermenTariii 300pa-

’KeHa Ha pucyHky 1.14.

Pucynok 1.14. I'pad neitponnoi mepexi FPN [62]
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Ak i LinkNet, FPN BukopucToBye iHIMYKTUBHUI IIEPEHIC B €HKOEP1, TAKIM
YUHOM, 3aCTOCOBYIOUN NPUHIUIIN OAaraTo3a/1auHoro HaBuIaHHs.

TakuM 4uMHOM, IIPOBEJIEHO aHaJII3 Mojie/ieil HEeMPOHHUX MepPeX B 3ajadax
cermenTallil. BusiBjieHo, 1110 HaiOLIBII HOIIMPEHOI0 CTPYKTYPOIO € CTPYKTYpa
eHKOJIEP-JIEKOJIEP, B SIKiii KOXKHA 31 CKJIaJJ0BUX YaCTUH MOXKE MaTH CBOIO OKPEe-
My cTpyKTypy. TakoxK, IoKa3aHo, 1110 BUKOPHUCTaHH:A 0araTo3a/[auHoro Hapda-
HHsI JIJIsT CerMeHTallll 300parkeHb He € IMOIIMPEHUM IPH PO3podI TVIMOMHHUX

HEHPOHHUX MEpPekK.

1.3. Metroau 6araro3aJadHOro rJiMOMHHOTO MAaIIIMHHOI'O

HaBYaHHA

OpHEM 3 BapiaHTIB pO3B’sI3aHHS 3a/a4l MaIIMHHOTO HABYAHHS Ha HAaDOpax
JIAHUX 3 9aCTKOBO-IIOMUJIKOBMMHU QHOTALIAMMU € DararosajiadHe MalluHHE Ha-
BUYAHHSI.

Bararozajjaune mMammuHne HaBYaHHS - 1€ OJMH 3 IIJXO/IB MAaIIMHHOTO Ha-
BUYAHHS, B IKOMY OJHOYACHO BHUPIIIYIOTHCS KiJTbKa HaBYAJbLHUX 3a/a4, BUKOPH-
CTOBYIOUHN CHIJBHOCTI Ta BIAMIHHOCTI MiXK HUMH. KoXKHa 3 TaKuxX 3a7a9 MOXKe
OyTH 3araJibHOIO 33JIa9et0, TAKOIO SIK HABYAHHS 3 yuuTeseM (HalpUKIal, 3a1a9a
kJacudikarii, abo perpecii), HaBuaHHs 6e3 BunTe s (Kjaacrepusallis), HaliBas-
TOMaTUYIHE HaBUaHHsI, 3aBIaHHs HaBYaHHS 3 HigKpimieHHsM. [lepegbadaernes,
110 BCl Il HaBYaJbHI 38124l a00 xo4a 0 JyacTuHa 3 HUX [IOB’sd3aHl OJHA 3 OJHOIO.

B 1mpoMy BuUnajKy BusBIeHO |63], 110 CrijgbHE HABYAHHS HA IUX 3a/1a9aX
MOYKe TIPU3BECTH JI0 3HATHOTO MIBUIEHHS POIYKTUBHOCTI B TTOPIBHAHHI 3 Ha-
BUAHHSIM Ha, KOXKHIN 3aa4l okpemo. OTxke, bDararo3ajadie HaBIaHHS HAIIPaB-
JIGHO Ha MiJIBUINEHHS SIKOCTI y3araJibHeHHs KIJbKOX OB si3aHux 3ajad. [lasi
OyIyTh PO3IJIAIATHCA BUKJIIOUHO 334l KOHTPOJIHOBAHOI'O HABUAHHSI.

[TomibHO 10 JIIOACHKOrO HABUYAHHS, KOPUCHO BUBYATH KiJbKa HaBUYAJILHUX

3aJ1a9 Pa30M, OCKIJILKU 3HAHH, 110 MICTATLCS B OJHIN 3a/1adi, MOXKYTh OyTH
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BUKOpHCTaH] iHmmMu. Hanpukiam, JroguHa, 10 BHBYAE MaTeMaTHKy Ta Ma-
TeMaTHYIHY CTATUCTUKY, MOXKe BUKOPHUCTATU Tel JIOCBIJ JIJI BUBYEHHS 1HIINAX

CXOKMX TaJly3eid, HAllPUKJIa/[, MAIIMHHOI'O HaBYaHHA.

1.3.1. BusHaueHHs 6araro3aJjadvHoOro ManimHHOTO HABYaHHA. Jljs
n HapuyasabHux 3aga41 11, Th, ... T, ne Bcl 3a1a4i abo X IIMHOXKIHA 0B sI3aHi,
bararoszajaune Hapdants (B3MH) mae Ha MeTi 10MOMOITH MOKPAITIUTH BUBUe-
HHsI ITapaMeTpiB Mojesi i 1;, BAKOPUCTOBYIOUN 1H(MOPMAIIIO, 0 MICTATbCSI
B yCiX N abo JIesiKMX 3 HUX 3a/(9aX.

B siteparypi BusHadaeThes Jekiabka Buais BSMH:

Odnopione B3MH : J1yisi KoXKHOI 3 3aJia4 [IPOrHO3YETHCS JIMILE OJIUH BUXIJI.
Hanpukiaj, posniznaBanas mudp MNIST 3a3pudaii BUKOPUCTOBYETHCS JIJIsI
ominku ajaroputmie BSMH. B mibomy pasi, BoHO po3risiaeTbest K 10 3aB1aHb
OinapHol KJjacuikaiiil.

Heoodnopione BBMH : JIjst KoXKHOT 3 33121 MPOTHO3YETHCsT CBiif HADIP BUXO-
jiB. Hanpukiaj, cydachi 3ajiadi JieTeKTyBaHHs 00’ €KTiB OTpeOYIOTh OJIHOYA~
CHOT'O TIPOTHO3YBaHHS KJacy o6’ekra (3amada Kiacudikariii), HOro mooKeHHs
Ha 300pakeHHI Ta po3MipiB (3amada perpecii). s 3a1ad KOHTPOIBOBAHOTO
HaBYAHHS, KOXKHa 3aJia4a 1; MICTUTb B c001 HAOOP JaHux [;, 1110 CKJIaJ a€ThCs
3 M eJIeMEHTIB.

JocmiHuKy BBazKaloTh, MO KOJU Pi3Hi 3ajJadi BUKOPUCTOBYIOTH OJIHAKOBI
nabopu Bxignux ganux, B3MH 3BoguThes 1o 3aa41i kiaacudikaril abo perpecii
3 KiapKoMa BuxogaMu. OjHak, HOBIII JOCaIKeHHs BusnadaioTh bB3SMH ma
OJIHOMY HaDOPI BXiJHUX JIaHUX, D0 HE3aJIeXKHO BiJ| KiJIbKOCTI HAOOPIB BXIJHUX
JIAHUX.

B merosnax B3MH, 3acHoBannx Ha TyiMOOKUX HEHPOHHWX MepexKax, BU/Ii-
JISIIOTH JIBI IPYIHU BIJAIOBIJHO 70 CIIOCODY PO3IOJILIY MapaMeTpiB MiXK PI3HUMHU

3a/1avaMU.
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Tpancdhepue maBuanHs. TpancdepHe HaByaHHsg — 1ie HpobJieMa Ma-
IIIMHHOTO HaBYaHHS, siKa (POKYCYEThC Ha 30epeKeHHi 3HaHb, OTPUMAHUX I
Jac BUPIIIEHHS OJHIET 3a/a4l 3 M0JaJIbIINM 3aCTOCYBaHHAM 11 pe3yJibTaTiB J10
1HITT01, aJie OJIM3bKOT JI0 Hel. 3 MPaKTUIHOI TOYKHU 30Dy, MOBTOPHE BUKOPUCTAH-
Hsi abo repejada indopmaliil 3 paHilie 3aCBOEHUX 3aBJAaHb JJisi BUBUEHHS HO-
BUX MOXKE 3HATHO MiJBUIMATH eDeKTUBHICTD 1X po3B’s3anns |64]. desaki mpoci-
naukn |65, 66| BBarkatoTh GaraTosaadHe MAIIUHHE HABYAHHS I IMHOXKHIHOIO
TpaHchEepHOro HaBUYAHHSI.

Ha Bijiminy Bij| TpancdepHOro HaBuaHHsi, B Oararo3ajjaiHoMy HaBYaHHI He-
Mag€ PIBHUIN MIXK 3aJladaMu, Ta 3aBJaHHSA CTOITH MIABUIIATH MPOJIYKTUBHICTH

Ha BCIX 3aJladax OJHOYACHO.

2KopcTkuii po3noiji mapaMeTpiB. 3a3Budail, apxXiTeKTypPHU 3rOPTKO-
BUX HEHPOHHUX MeEpexK Jiisd 6ararosaladHoro HaBuaHHs CKJI1aal0ThCs 31 CIILIb-
HOT'O €HKOJIepa, SIKWil BUJILJISIE O3HAKY Ha BXiHOMY 306paxkenHi (shared features),
Ta OKPEMUX 3rOPTKOBUX 1/a00 1I0BHO3B SI3HUX IAPIB JIJIs KOXKHOT 3 33/1a4.

B naituepiiiit pobori [67], 1m0 Bukopucrosye neit nputiui, 6yJ0 3anporo-
HOBaHO apxiTekTypy Heitponnol mepeski Task-Constrained Deep Convolutional
Network (TCDCN) st getekiiii KIIOI0BUX TOYOK JIUIsI BUKOPUCTATH IO/~
TKOBI 3ajia4l perpecil mo3u rojosu Ta Kiacudikaiil arpuOyTiB. ApXiTeKTypy

TCDCN 3o06paxkeno na puc. 1.15.

Pucynok 1.15. Apxirekrypa neiiponnoi mepexki TCDCN [67]

Mojudikaliieo momepeHbOro 1ijixojy € dararo3ajadni KacKa/Hi Mepexxi
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1.16, B gKuxX pe3yabTaTu OJIHUX 3aJlad BUKOPUCTOBYIOTHCS K JOIMOBHEHHS J10
BX1JIHOI 1H(OpMAaIil Ji/Isi HACTYNHKUX. Taka opraHisallis IIapiB JO3BOJISIE IIi/I-
BUIIUTH TOYHICTb Ha OLIbII CKJIAJHUX 3aBJAaHHsX HPU IIPABUJILHOMY 11i100pi
qepru 3a/ad 3a CKJIAIHICTIO. 3arajbHy apxiTeKTypy 300parkeHo Ha puc. 1.16.
CxoKuit miaxi TaKOXK BUKOPUCTOBYETHCS B JESTKUX apXITEKTypax HEHPOHHUX

MepeX JIJIsT PO3B si3atHs 3a/adi jgeTekii 00’exris [68, 69, 70

Pucynok 1.16. Apxirtekrypa bararosajautol Kacka iHoi Mepexi [71]

TakoxK, MOXKJIMBa 1HTErpallisi MOJIyJIiB YBaru sik JI0 €HKOJIepa, TakK 1 JI0 clie-
1udivHuX J10 3a1a4i 1mapiB. TakuM 9rMHOM, OOUUC/ICHHST O3HAK BiJIOYBAETHCS HE
JIMIIIE 33 PAXyHOK IIapaMeTpiB €HKoJiepa, a 1 uyepe3 cuerudivHi 10 3a/1a4i MOIy-
JIi, IO PO3TaIIOBaHI BecepeInHi Mepexki. Lle 103Bosse moKpamuT penpe3eHTatii
O3HaK JIJIsI KOHKPETHUX 3a,/1a4.

MozkmmBoio 11pobJieMoro 1pu bararosajladHoMy HaBYaHHI Ha, CeMaHTHUIHO-
Bljlasienux 3a1adax € KoudJik™ rpajientis [72]: rpajientu juis pisHux 3aj1a4
MaMOTh NPOTHJIEXKHI HanpsaMku. s po3p’sa3anHs i€l mpobiemu 0yJio 3a1po-
TIOHOBAHO JIEKLTbKa, TxoaiB |73, 74, 72|, HaltnpocTimum 3 KX € HABIaHHS Ha

3a/1a9ax, Mo He BUKJIUKAOTL KOHDIIIKTY |72].

M’akmuii po3noain nmapaMerpiB. OHuUM 3 BapiaHTIB apXiTeKTyp, IO
MEHII CXWJIbHI JI0 YTBOPEHHsI KOH(MDJIIKTHUX I'PAJIEHTIB € METO/IU apXiTeKTypH
3 M'SIKUM PO3IOJILJIOM TapaMeTpiB.

B Merojiax, 110 BUKOPUCTOBYIOTh M KWl PO3MOJILI TTapaMeTPiB BUKOPHUCTO-



63

BYETbHCs JIEK1JIbKA €HKOJEPIB JIJIsi KOXKHOI 3 3aJ1a4, MiXK IIapaMu SKUX BijOyBa-
€ThCsI 0OMIH 1H(OpPMAIIIEO.

Haunpukiiau, B pobori Cross-stitch networks (nepexpecti mepexi)|75] npei-
cTaBjieHa apxiTekTypa bararo3ajaqHol HeHPOHHOI MepexKi, B SIKiil KOXKHII 3a/1a-
9l BIJIOBIIAE€ OKPEMUIT €HKOJEP, ajie BXOJIOM KOYKHOTO IMapy KOXKHOTO 3 €HKO-
JIepiB € JiiHiliHa KOMOIHAIlis BUXO/IIB IIOIEPEJIHBOIO APy BCiX eHKojiepiB. Koe-
PimenTn MHIEHOT KOMOIHAINT TAKOXK BUBYAIOTLCS 34 JOIOMOTOI0 I'PaJIlEHTHOIO
CITyCKY Pa30M 3 IHIITUMHE apaMeTpaMu HeilpoHHOI Mepexki. Ha pucynky 1.17 30-
OpakeHo apxiTeKTypy OJIOKY JiiHIfIHOT KOMOIHAIIT JiJis IIapiB JIBOX HEAPOHHUX

Mepex.

Pucynok 1.17. Apxirekrypa cross-stitch 6soky [75]

YzarajabHeHHsIM 1j1el nepeHocy iHdopMaliil MiXK [MOC/IJIOBHUMU IlIapaMu Jie-
KIIbKOX crienudiuHux J0 3a/adl HeHPOHHUX Mepex € 10308l Mepexi (anaa.
Sluice networks). Bxim 10 K0XKHOTO 3 MapiB TAKOXK € JHIHHOT KOMOIHAIIEO BU-
XOJIIB ITOIEepETHIX MIapiB /I KOXKHOI 3 3a4a4. Ha BiIMIHY BiJ| mepexpecHux Me-
pexK, KOXKHUH 1ap HEHPpOHHOI Meperkl PO3/IJIeHNN Ha OKpeMl MIITPOCTOPH: JIJIs
KOHKPETHOI 3a/1a4l Ta CIIJIbHUN MiXK BCiMa 3ajadaMu. TaKo»XK, J0JIa€ThCs 0OMe-
>KEHHSI Ha OPTOrOHAJILHICTD HIJIITPOCTOPIB Yepes fojiaBaHHs (PYHKIIT BTPAT, 110
Minimizye kajparosamy nopmy Dpobeniyca (Marpuuny L? Hopmy) Mix 11ij-
IIPOCTOPaMH B KOXKHOMY 3 IapiB.

[Tomanpbimmit pO3BUTOK IILIFO30BUX MepexX OyJIo 3alpOIOHOBAHO B POOOTI

«Heiipomepexkese juckpuMinTUBHE 3MeHIIeHHs po3MipHocTi» (anea. Neural Di-
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scriminative Dimensionality Reduction, NDDR) [76]. Ty, 3amicTb Bukopucra-
HHsI JIIHIHHOT KOMOIHAINT IIapiB MIXK PI3HUMHU 3aJadaMi, BHKOHYETbCSI 3rOPTKA,
KOHKATEHOBaHMUX BUXOJIIB IIAPIB BCIX 3a/a4 3 s/[poM po3mipy 1x1 3 BUKOHAHHIM

nojiasibiol HopmaJizarii. Apxirektypy NDDR 300paxkeno na pucynky 1.18.

Pucynok 1.18. Apxitekrypa 3roprkoBoi meiipornoi mepexki NDDR, [76]

CyTTeBUM HEJIOTIKOM METO/IIB, 110 BEUKOPUCTOBYIOTH M’ SIKUii PO3IIOILI Hapa-
METPIB € IMOCTiitHe 30JIbIIeHHsT KIJILKOCTI mapaMeTpiB HeiipOHHOI MepeKi, 1o,
B CBOIO uepry, 30i/blilye HeOOXiJIHY KiJIbKICTH PecypciB Jijisi poOOTH Takol Heii-

POHHOI Mepexki 31 30epe’KeHHsIM TTPOJLYKTUBHOCTI.

JuncTuasiisa mporuo3iB mogedi. Jucruisiiisi MporHosiB 3amicTh BU-
BUYEHHsI O3HAK, CIJILHUX 10 JEKIJIbKOX 3aja4, 0a3yeThCsi Ha, BUKOPUCTAHHI pe-
3yJIbTATIB JIJIsi OJIHUX 3aJiad, K 3aco0y BUBUYEHHs O3HAK s 1HIIMX. Hampu-
KJIaJ, IPpA OJHOYACHOMY BMBUEHHI 3aJia4d Kjaacudikaliil Ta cerMeHTallil, KapTu
cerMeHTallil MoKy Th OyTH BUKOPUCTAHI JIJis 110/1aJ1b11101 KJjiacudikaliil 300paxke-
HHSI.

[Teprmoto pobororto, 1o Bukopucrada mei npurimn Oyaa PAD-Net (Prediction-
and-Distillation Network) [77]. B niit BuKOpuCTOBYBaJIHCs PE3yJIBTATH 33144 Ce-
MAHTHUYHOI CerMeHTallil, perpecii KapTu rJIMOMHU, perpecii KapTu IMOBEPXHEBUX
HOpMaJIelt Ta JleTeKIll KOHTYPIB I OTPUMAaHHS YTOUYHEHUX Pe3yJibTaTiB B 3a-
Jlagax perpecii KapTu riMOrHU Ta ceMaHTUIHOI cermenTalii. /st nboro apropu

3alpOIOHYBAJIM TPHU BaplaHTH CHeIlaJbHUX MOIY/IB JUCTUISIII:
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— IpOCTa KOHKaTeHalllsl pe3yJibTaTiB;

— Tepejada MOBILIOMJIECHL MIXK 3aJadaMu;

— 1epejiada 110B1JIOMJIEHb 3 BalraMu.

[Topanbimmm po3BUTKOM IIHOI0 MeToay craJia pobora PAP-Net, B sikiit OyJ1o
IPEJICTABIEHO MO/LyJb, [0 OKPEMO BMBYAE TOTAPHI B3AEMO3B SI3KKM MIXK 3a/a-
yaMu, Ta 00’€JIHy€ BUBUCHI KAPTHU O3HAK BiJIIIOBIHO JIO IIONAPHUX BiJIHOIICHD.

TaxuM UMHOM, BUKOPUCTAHHS 0AraTo3a/[adHoro HaBIYaHHs JI03BOJISE II1/IBU-
ITyBaTH JIOCTOBIPHICTH MepeadadeHb JIIsd JeKITbKOX 3a71a9 OMHOYACHO 33 paxy-

HOK BUKOPHCTaHHs CILJIbHUX Ta BIAMIHHMX O3HAK MIXK 3aJladaMH.

1.3.2. bBararo3agayHe HaBYaHHA B 3ajJadax KJjacudikailii Ta ce-
rMeHTaIil. Bukopucranns 6araTo3aJ adHoro HaBUYaHHd B 3aja9aX KJIacudi-
Kallil Ta cerMeHTallll He € MOIIMPEeHUM B JITepaTypi. 3a3Budaii, B poboTax, 1110
IIPOIIOHYIOTH BUPIIIEHHs 3aJja4l cerMeHTallil, 3ajada Kjacudikalil BUpimiye-
ThCs Ha eTalll 1nonepe;jiHbol 00poOKM 300paskeHb, 11100 BiJICisATH XUOHOIO3UTHBHI
pe3yJbTaTH CerMEHTallil Ta 3MEHIIUTH 4Yac poOOTU CHCTEMU B IJIOMY Uepe3
BUKOPUCTAHHS JIETKUX Mojeseit kiaacudikarii. HegomikoM Taxoro mijxojy €
MOKJIMBICTD IOIIUPEHHsT MOMUJIKHM BiJ KjaacupikaTopa, IO B 3ajadax CKpHU-
HIHI'Y BUMAarae IiJIBUIIEHHs IIOBHOTH KJjacudikaropa, 3 HO[aJbII0K PoOOTOIO
cermeHTaliitnol mepexi. Takox, B 3ajladax, 1110 MaOTh MaJieHbKi 00’€KTH Ha, 30~
OparkeHHsIX, UM He3DaJiaHcoBaHI HAOOPH JIAHMUX, TAKW [M1/1X1)] MOXKE 3MEHIINTH
BJIYUHICTb pOOOTH CUCTEMU IIOPIBHSHO 3 11 YaCcTHHAMHU.

Ha Bigminy Bijz mociiioBHOl 00pobku, B poboti Seg THOR onHOUACHO PO3B I3V IOTHC:
3aJ1a4l KJacudikallil Ta cerMmenTallil, JIOIOBHIOIYM 0JiHa OJiHY. Tak, aBTopu 1po-
MMOHYIOTh HOBY apXiTeKTypa HEHpOHHOI Mepexki, 10 3aCHOBaHa Ha apXITEeKTypl
UNet, ane mae nojgaTkoBuii BuXij Kjacuikaliii 3 0CTaHHBOIO APy MepexKi ce-
rmenTalii. OTpuMaHHs TJ100aJbHIX KJACIB 3 BUXOJIy CEIMEHTAllll JIOCATaEThCs
yepes cepeiie apruMeTHIHe BCIX MKCEIB JIJIst KOXKHOIO 3 KJiaciB. ApXiTekTypa

Heitponnol mMepexi SegTHOR 3obparkena wa pucynky 1.19.
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Pucynok 1.19. Apxirexrypa merony SegTHOR [78]

B neiiponniit mepexi Seg THOR Buxij kitacudikaliii BAKOPUCTOBYETHCST JTH-
e Mpy TPpeHyBaHHI B sIKOCT1 JIOJIATKOBOI 3aJa4l, Ta He BUKOPHUCTOBYETHCS T
Jac IPOrHO3YBaHHS MACOK CerMeHTaIlll.

B pobori [79] aBTopu 3amponoHyBaJi 3acTOCYBATH TIi/IX11 6araTo3aaaHoro
MAIIMHHOINO HaBUYaHHs 70 Kjaacudikaliil Ta cerMeHTallil HOBOyTBOPEHb IIKIPH.
Ha Bijiminy Bij| 3BUYaiiHUX apxiTeKTyp JJisd cerMeHTallil 300paxkeHb, B podOTi
3aITPOITIOHOBAHO CEIMEHTAIiI0 Oy/ib-STKOI'0 HOBOYTBOPEHHSI, 3 TIapaJieJIbHOIO KJla-
cuikalien MeJaHOME Ta ceOOPEHHOro Keparoldy sSK OKpeMHuX 3ajad. ABTopH
MOKAa3yIOTh, 10 TakKa apXiTeKTypa HeHpOHHOI MepexKl He3HAUYHO IOKpalIye JI0-
CTOBIPHICTD sIK B 3aJa4aX KJjacudikariii, Tak 1 cermenTariii. B paniit apxiTekTypi
111 Yac TPOTHO3YBAHHS PE3YJILTATH PIZHUX 3a/1a9 BUKOPUCTOBYIOTHCS OKPEMO.

Agropu [80] 3anpornonyBa/u OJHOUACHO BUBYATH 3ajadi KJjacudikarii ta
cerMeHTalIlil Jijist JIoKaji3arii pakoBux myxJjuH B Mamorpadii. Ak i 79|, B na-
Hiil poOOTI BUKOPUCTOBYETHCS HEMPOHHA MepexKa, IO CKJIAJIAEThCA 3 OJIHOTO

eHKOJIepa 1 JIBOX JIEKOJIEepIB - Jis Kiaacudikallil Ta cerMeHTalil BLIIoBiHo. Ap-
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XITEKTypy HEPOHHOI MepexKi 300pazkeHo Ha pucynky 1.20.

Pucyrnok 1.20. ApxiTekTypa HEHpPOHHOI Mepexi Kjaacudikaril Ta cermMenTaril

HOBOYTBOpPEHDb Ha Mamorpadil [80]

B poboTi jeMOHCTPYETHCs, 10, HA BIJMIHY BiJ| JIBOX HEHPOHHUX MEPEX,
110 BUBYAIOTH 3a/1a9l HEe3aJIeXKHO, 3alIPOIOHOBAHA apXIiTEeKTypa Ma€ OLIbIITY TO-
JHICTh K KJacudikaliil, Tak i cermentTaiil. B jganiit apxiTekTypi i 4ac mpo-
IHO3YBaHHs PE3YJIbTaTH PIZHUX 3aJ1a9 BUKOPHUCTOBYIOTHCST OKPEMO.

OKpiM HiJIXOJIIB 3 »KOPCTKKUM PO3IO/ILJIOM IIapaMeTpiB, B 3ajadl cerMeHTa-
1ii MOXKe BUKODHCTOBYBATHCSI KacKajHa cxema. B pobori [81| zampononosano
apXITeKTYPy KacKaIHOI HEeHpOHHOI MepexKi JJIsT pO3B’sI3aHHs 3a/1adil cerMeHTa-
il OyjiiBesib Ha aepodoro3HiMKax. st 1mokpalieHHss KOHTYPIB cerMenTallii, B
pobOTI BBOIMTHCS HOBA, 3aja4da perpecil miKceJbHOl BlJAcTaHl 10 HaiOJJIMKI0Tr0
KOHTYpy. Pesynprar BUKOHaHHA 3a/a4i perpecii BUKOPUCTOBYETHCA K TaCTH-
Ha BXIIHUX JaHUX JJIs 3a7a4i cerMeHTaril. ApxiTeKTypy HeipOHHOI Mepexi
300pazkeHo Ha pucynky 1.21. ABTopu MOKa3yiOTh, 10 TaKe BUKOPUCTAHHS JIe-
KLIBKOX 3a/ia9 JIO3BOJISE MIJABUIATHA JOCTOBIPHICTH CerMEHTallll B ILLJIOMY Ta
SIKICTh KOHTYPIB OKPEMO.

Jeski MeTou MaIlMHHOrO HaBYAHHSA 3 YaCTKOBUM 3aJIydeHHAM BUUTEIS
BUKOPUCTOBYIOTh apXiTEeKTypH, HaTXHEHI Oararo3ajadHuM MAallUHHUM HaBda-
HHAM. Tax, TOMyJApHOIO 3aJa4el0 MAIIMHHOTO HABYAHHS 3 YACTKOBHUM 3aJIy-

YEHHAM BUUTEJIA € CCMaHTUYHA CeFMeHTaHiﬂ 306pa)KeHb 3 BUKOPHUCTaHHAM JIN-
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Pucynok 1.21. Apxitekrypa HelpOHHOT Mepexi jiist cermenTaliil Oyiisesinb [81]

e MiTOK piBHS 300paskeHHsi, TOUOK, aD0 0OMEXKYyBaJibHUX KOPODOOK HABKOJIO
o6’ekri. Hanpukinas, B pobori [82] sanpornonosano EM-ajnropurm cymicho 3
TIMOOKMMY HEHPOHHUMU MepeXKaMu JIJisi PO3B’ A3aHHS 3a/1a9l cerMeHTaIlil Jepe3
TpEHYBaHHS HEHPOHHOI MepexKi 3 MITKaMH PiBHS 300parkeHHsi, abo 0OMexy-
BaJIbHUX KOPOOOK. 3ajiada Kiracudikaliii B JJaHOMY BHUIIA/IKy BUKOPUCTOBYETHCS
Ha eTali oliHoBaHHs ovikyBaHHs B KM ajiropurwmi sik anpiopta iHdgopmallisi.

AsibrepHaTUBHUIT METO/| CEPMEHTAIIIT 3 YACTKOBUM 3aJ1yYeHHsIM BunTeIs [83]
6a3yeTbcs Ha (DYHKINT BTPAT, MO JTO3BOJISIE OJIHOYACHO ONTUMI3YBATU HACTYIIHI
3aJ1a41:

— perpeciio JokaJiizalil 06’eKTiB;

— PO3IIMPEHHs JIOKalliil 00’€KTIB BiJINOBIJIHO JI0 KJIACIB, IPUCYTHIX Ha 30-

OpaskeHHsIX;

— oOMexKeHHsI I'PaHUIlb MACOK cerMeHTaIlll 00’€KTiB JI0 I'PAHUIlL 00 €KTIB.

ApxiTekTypa MOEIHAHHS 3a/1a49 300parkeHa Ha PUCYHKY 1.22.

TakuMm 4MHOM, BUSIBJICHO, 1110 BUPILIEHHS 3aJia4 KJacudikalil Ta cermeH-
Talll OJIHOYACHO € HENOIUPEHUM B JITEPATypl, a TaKOXK, 10 ICHYIOUYl METOJn
OaraTo3a/laqHOTO HABUYAHHS (POKYCYIOThCs JIMINE HA HaBYAHHI MOjieJiel JIeKiab-

KOX 33/1a4, He BUKOPUCTOBYIOUM MOXKJIUBICTb OaraTo3a/auHoro mnepeoadeHHs.
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Pucynok 1.22. Apxirekrypa merogy SEC-CNN [83]

1.3.3. TecryBanHga Momeseil B 3a/ladaX aBTOMATU30BAHOTO CKPHU-

HIHTY.

Habopu panmx B 3aJadax aBTOMATHM30BAaHOTO CKPUHIHTY. K i B
3arajibHiil 3a/la4i MalllMHHOI'O HaBYAHH:A, IPU PO3POOI CHCTEM aBTOMATU30-
BAHOTO CKPHUHIHTY PO3PI3HSIIOTH TPH eTallr, JJIsI KOXKHOTO 3 SKUX HMOTPIOHMIA
OKpeMmuii Hablp JlaHUX: eTall HaBYaHHs (TPEHyBaHHs), TECTyBaHHs Ta BaJija-
1ii.

Hasuanrvnut nabip danux - e Hablp IPUKIIAJIIB Ta BIIOBIIHUX aHOTAIIM,
1110 BUKOPUCTOBYIOTHCS 1] YaC HABUAJIBLHOI'O IIPOIECY, 1 BAKOPUCTOBYETHCS JIJIsT
3MiHM mapaMeTpiB Mojiesi (Hampukias, Kiacudikarii, abo cermentarii) [84].

B zajiauax riimbuHHONO HaBYaHHS, aJI'OPUTM HaBYAHHS BUKOPUCTOBYE HADIP
HaBYAJIbHUX JIAHUX, 11100 BUBYUTH ONTUMAJbBHI ITapaMeTpu Mojesi (BinoBiiHO
JI0 KPUTEPII0 ONTUMAJBHOCTI), sKi 3a0€3Me9yI0Th XOPOIILY 3JaTHICTh MOJIE 0
nepejioadeHts pe3yabraTiB. MeToio HaBYaHHS € CTBOPEHHS HaBYEHOI MOJIEJI,
siKa, JIoOpe y3arajbHIOE HOBI, HEBIAOMI JlaHl. BIIBIICTL METOMIB, SIKI BUKOPH-
CTOBYIOTH TPEHYBaJIbHI HADOPHU JIAHUX JIJIs 111JI00PY HapaMeTpiB MOJIeJl CXUJIbHI
JIO TIepeHaBYaHHs, TOOTO JIO BUBYEHHS BUKJIIOYHO TOYOK 3 I[bOI0 Habopy, 6e3
3JIATHOCT1 JI0 y3araJbHEeHHs Ha, HOBUX JIAHUX.

Banidauitinut wabip danux - 1e HabIp NPHUKJAJIIB Ta BIJIOBIJIHUX aHOTa-

1iif, 110 BUKOPUCTOBYIOTHCS JIJIs1 HAJTAIITYBAHHST TileprapaMeTpiB (BKIIOTHO 3i
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CTPYKTYPOI0) MOJiesieil Ta MeToiB ix HaBuanus. [Ipukiagom rimeprnapamverpis
JUIS IITYYHUX HEHPOHHUX MepexkK MOXKe OyTH KiJIBKICTh IIapiB B KOYXKHOMY IIapi,
abo BapiaHTH 3’€JHIHHS 1UX WapiB. BiH HOBUHEH BIJIIIOBIIaTH TAKOMY 2K PO3IIO-
Jity fiMoBipHOCTEH, 1110 i HabIp HaBYAJbHUX JIAHUX Ta IeHepaJibHa, CYKYIHICTh
JTAHWX.

[[1o6 yHUKHYTH IepeHaBYaHHsS MOJjieJieill JI0 TPeHyBaJIbHOIO HabOpy JlaHuX,
BaJIiIaIiiiHuii HabOlp JJaHUX BUKOPUCTOBYETHCS JIJIsl MOPIBHAHHS 1X eEeKTUBHO-
cTi Ta BuOOpy Haiikpariol. Lleit Habip maHuX € JacTHWHOIO HABYAJLHUX JTaHUX,
sIK1 BUKOPHUCTOBYIOTHCs JIJIsi TECTyBaHHs, aJje He K JacTWUHa HaBYaHH:A, Ta, He
sIK JacTrHa (PIHAJBHOTO TECTYBAHHSI.

OckiJIbKH TIpolie/iypa BUOOPY HailKpalliol MojieJli MOXKe IIPU3BECTH JI0 Iepe-
HaBYAHHS JIO BaJigalliitHoro Habopy JaHuX, JOCTOBIPHICTH HepeadaideHb BUOpa-
HOT MepexKi CJILJ MATBEePIUTH, BUMIPABIIH 11 Ha TPETHOMY He3aJIeXKHOMY Habopi
JIAHUX, sIKUIT HA3MBAETHCS TECTOBUM HaOOPOM JIaHUX.

Habip mecmosux danux - 1e HabIp NPUKJIAJIIB 3 BIIMOBIIHUMKA AHOTAISI-
MU, KW He 3aJIe;KUTh BiJl HAOOpPY HaBUaJbHHUX JIAHUX, ajie oOpaHuil 3 Tiel XK
reHepaJibHOI CyKYIIHOCTI, 10 i TpeHyBaJIbHUI HaOIp JaHux. ZIKI0 MOjelb, 1110
Ma€ BHCOKY JIOCTOBIPHICTH Ha HAOOpI HABUYAJILHUX JAHUX, TAKOXK MAE BUCOKY
JIOCTOBIPHICTH Ha, TECTOBOMY HAOOPI JIaHUX, TO HEPEeHABYAHHS € MiHIMAJIbHUM.
BisbIn BUCcOKa JIOCTOBIPHICTH Ha TPEHYBaJbHOMY HaOOP1 JJAHUX HIXK Ha TECTOBO-
My, 3a3BUYail CUTHaJI3ye Ipo IepeHaBdands. [Ipw BukopucTanmi mepexpecHol
IepPEeBIPKH, TECTOBUI HAOIP JIaHUX MOXKEe He BUKOPHCTOBYBATHUCS.

Jl1st OIIHKK JIOCTOBIPHOCTI HepedadeHb, MOXKYTh BUKOPUCTOBYBATUCS Pi-
3HI METPUKHU, 1110 OOUYKUCIIOIOTHCH MIXK [IPOIHO3aMU MOJesiell Ta, aHOTalisIMuU 3
BIJIIIOBITHOIO HAOOPY JTaHUX.

3 TOYKH 30Dy JIOCTOBIPHOCTI PO3MITKH, HAOOPHU JIAHUX MOXKHA PO3JILJIMTU Ha
JIOCTOBIPHO-aHOTOBAaHI, 3 YaCTKOBO-TIOMUJIKOBUMM aHOTAIISIMM Ta HEJOCTOBIPHI
HaboOpy JTaHuX.

Taxk, B JI0OCTOBIpHO-aHOTOBAHMX HAabOpax JaHMX KOXKHA 3 aHOTallil BiJIo-
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Bijla€ ICTHHHOMY KJjacy o0’eKTa, abo mikcessd. B nabopax manux 3 9acTKOBO-
MOMUJIKOBUMHK AHOTAIISIMU JIesIKi 3 aHOTOBAHUX IIKceJiB, abo 300paxkeHb He
BIIIIOBI/IAIOTH ICTUHHOMY KJiacy 00’ekTa. B HejjocToBIpHUX HAOOPaxX JlaHUX, aHO-
Talil € Pe3y/abTaToOM II1yMOBOI'O HPOIECY Ta HE MICTSTh KOPUCHOT iH(opMaliil, 3
sIKOT MOXKHAa 0yJ10 O 3poOUTH BUCHOBOK PO 1CTUHI KJ1ach 00 €KTIB.

BisbliicTh peajibHUX HAOOPIB JaHUX MalTh YaCTKOBO-IIOMUJIKOBI aHOTAIII,
MOBHICTIO JIOCTOBIPHI Ta HEJOCTOBIPHI aHOTAIlll 3yCTPIYalOThCS JIy»Ke PIJIKO B
Habopax MaHWX JJIs peaJbHUX 3aJad Ta, 3a3BHYail, € TPEJIMETOM OCOOJUBUX
JIOCJIJIKEeHB, OJHAK IpobJjieMa YacTKOBO-IIOMUJIKOBUX AHOTAIl HEJI0CTATHBHO
npeJicTaBIena B JITepaTypl.

JlocToBipHiCTh aHOTAII MOXKHA OIIIHUTH 3a JIOIIOMOI'OI0 IIEePEeXpPEecHOl Iepe-
BIPKH, SIKITIO JIJIsl OJIHOT'O i TOI'O K IMPUKJIaIy 3 HAOOPY JaHUX ICHYIOTH JIEKLJIbKa,
pisHMX aHOTamii. /I 1MbOro BUKOPUCTOBYIOTHCA CTAHIAPTHI METPUKH SIKOCTI,
K 1 J1st OliHKM Mogiedieit kuacudikariii Ta cermenranii (Hanpukiaj, Fl-mipa,
abo mipa aiica-Copencena).

Takoxk, oTpuMaHHs JOCTOBIPDHHX aHOTAIIN JJIs BaJiJalliilHOrO 1 TeCTOBO-
ro HaOOpPIB JIaHUX YaCTO YCKJIAJIHIOETHCs, OCKIJIbKH aHOTAaIlll 30MparoThCs 3a
JIOIIOMOT'OI0 JTIOJIeli-aHOTATOPIB, SKI JIONYCKalOTh MOMUIKU. B medaxkux BUma-
Kax, HEMa€ MOXKJIMBOCTI OTpUMaTH HAOIp JIaHUX 3 peaJsibHOl 11peJIMeTHOT 00J1acTi
JUIST OIIIHKKM MeTojy. B TmakoMmy pasi, JOCJIHUKK BUKOPUCTOBYIOTH T'€HEPAIio
CUHTETHIHNX JIAaHUX, BIJIIIOBITHO /IO XapaKTePUCTHUK, IPUTAMAHHUX MPUKJIaTHIN
0bJ1acTi.

Tak, aBropu [85| 3anpononyBaJu rerepailito Habopy KOPOTKHUX BiJICO-MOCITI IOBHOCTE
3 1udp, 30 PyXalOThCs JIJIsI [IEPEBIPKU MOXKJIMBOCTEH PEKYPEHTHOI MOJIEl /10
nepeidavdeHHsi HACTYITHOI MO3UIIIT B OCJIIJOBHOCTI.

Agropu [86] posurmpwin nomnepe/niit HaOIp JaHUX HA 33J1ady CEMAHTUIHOL
CcerMeHTallil 3 JIoJaBaHHAM 3allyMJICHHs BXIJTHUX JTaHUX.

B imxkenepniit pobori [87] 3ampononoBaHO mapaMeTpudIHy MOJIEJh TeHepa-

il HabOPIB JAHUX I OIIHKKM MOJIEJIeHl Ta MEeTO/(IB CEMaHTUYIHOI CerMeHTallil.
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O0’exTu ganoro Habopy manux € pykonucuumu nudpamu MNIST, a ¢don rene-
PYETHCS 3 BUIAJIKOBUX TEKCTYD, IPU I[bOMY, Oy/JIb-siKe 3aIlyMJIEHHsI PO3MITKI
BIJICY THE.

Agropu [88] 3anpononyBajiu BUKOPUCTAHHSI IeHePATUBHO-3MArajibHUX Hei-
POHHUX MEPEK JIJIs CHHTE3Y HUTOJIOMYHUX 300parkeHb, aJjie X IiJixiji He J03BO-
JIsi€ CTBOPEHHs aHOTAIN JJIst TUX 300parkeHb.

TakyM YMHOM, ITPOAHAJI30BAHO KJachpiKaIliio HabOpiB JaHUX Ta IIPOOJIeMy
IX MOJIeJTIOBAHHSA JJIs1 TECTYBAHHS MOJIEJell Ta METOJIB MaITUHHOINO HABUYAHHI.
BusijieHo, 1110 4aCTKOBO-IIOMUJIKOBI aHOTAIlll BaJigalifiHuX Ta TECTOBUX HADO-
PIB JIaHWX 3aBarKalOTh STKICHOMY TECTYBAHHIO METO/IB MAIlIUHHOTO HaBYAHHSI.
TakoxK, BUABJIEHO, IO B JIITEPATyPl HEJOCTATHLO 3raJlyI0ThC MOJIes i HaDOpiB
JIAHUX JIJIsT TeCTyBaHHsI MoOJejeil MaIlllMHHOTO HaBYaHHsI, OCOOJIUBO, JIJIs 32,34

aBTOMaTHU30BaHOT'O CKpI/IHiHI‘y.

Metoau oOIiHKM gKOCTI KJjacudikallii Ta cerMeHTAaIlll 300pakeHb
B 33/la4i aBTOMAaTU30BAHOrO CKPWHIHTY. [lyisi TecryBanus Mojesei Ta
METOJIIB MAIIMHHOIO HaBYaHHs, HEOOXIJIHO BUBHAYUTH METPUKH, 33 AKUMU OIli-
HIOEThCs JIOCTOBIPHICTH Tepeadadenh. B 3agauax kiaacudikalil ta cermeHTarii
BUKOPHUCTOBYIOTHCS HACTYITHI METPUKH.

Homunrru 11 2 pody ma mampuua nesidnosidnocmedi

B zajilauax MareMaTudHOl CTaTUCTUKK, ITOMUJIKA HEPIIOTO POJLy - Iie XubHe
BIJIXMJIEHHsT IPABUJILHOI rinore3n (xubuo-nosutuBHuil pesysbrar, FP), Toii sk
MOMUJIKA JIPYrOro pojy - Iie NpUiHATTS XubHOI rimoresu (xubHO-HEraTHBHUIL
pesyibrar, FN). Jlani moHATTS BUKOPUCTOBYIOTHCs, KOJIH MOTPIOHO MPUAHSTTSI
OIHAPHOT'O PIIIEHHsT Ha OCHOBI JIESIKOTO KPHUTEPIO, 1110 MOXKE MaTH IOXUOKY.

B 3ajiauax KOHTPOJbOBAHOI'O HaBYaHHS, 30KpeMa OinapHOT KJiacudikaliii Ta
CerMeHTallil, 3a HyJbOBY TIOTEe3y 3a3BUYall IPUHMAETHC MPUHAJIEKHICTD eJie-
MeHTa, BUOIPKHM JIO KJIACy, 1110 3yCTpivaeThcst B BUOOpIl dacrimie. Takox, B 3a-

Jladax OararokJiacoBoil Kjacudikallll BUKOPHUCTOBYETbCsS PO3IIMPEHHS MOHSTTS
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MOMWJIOK TIEPIIIOTO 1 IPYTOTO POy Ha 3aJ1a1dy 3 OLJIBIIOI0 KIIBKICTIO TioTe3 - Ma-
TPUIS HeBiaMmoBitHOCTEH. MaTpuiisg HeBiIMOBITHOCTE! - TIe MaTPHIIS, B CTPOKAX
sIKOI 3a3HaveHl 3pa3Ku IIPOIrHO30BAHOI'O KJIACY, 8 KOXKEH 13 CTOBIIIIB [IPEJICTaB-
JISi€ 3pa3KU CIIPaBKHbOI'O KJiacy. Taka MaTpulis JI03BOJISIE OIIHUTH, Y1 JIOIIYCKAE
CHUCTEMa, HEBIJIIIOBITHOCT1 MIXK KJIaCaAMH.

Bayunicmo, wymausicms ma cneyudianicmo

BiyaHicTb, 4yTJMBICTH Ta CIENUMIUYHICTD € MOXIJIHUMU MipaMu SKOCTI Oi-
HAPHOTO KJacu@ikaTopa Ta po3paxoBYIOThCI Ha OCHOBI 3HAYEHDL B MATPHUIIL HE-
BijnosigHocTedt. Biyunicrs (anru. precision) - BUMIDIOE 4acTKy iCTUHHO-TO3UTUBHUX

3pas3KiB cepeJl 3HalIeHNX.

TP
PT@CiSiO’I’L = m—m (13)

YyriusicTs, a60 moBHOTA (aHTII. sensitivity, recall) - BuMipioe 4acTky icTHHHO-

MO3UTUBHUX 3PA3KIB cepeJl yCIX MO3UTUBHUX 3PA3KIB.

TP
Recall = m—m (14)

Crernudiunicts (anri. specificity) - BuUMiproe 9acTKy iCTUHHO-HETATHBHUX

3pa3KiB cepejl yeiX HeraTuBHUX 3Pa3KiB.

TN

—_— 1.
TN+ FP (1:5)

Specificity =

MixK BIYYHICTIO 1 HOBHOTOIO, Ta Iy TJIMBICTIO 1 CIIENU(ITHICTIO iCHye 0bepHe-
Ha 3aJIE2KHICTDh, KOJM MOXKJIMUBO MiJIBUIUTH OJHY IIHOIO 3HUKEHHA iHIIOI. He-
pe3 HasgBHICTH TaKOl 3aJe:KHOCH, Ha TMPaKTHUIll, 11 MIpH HEe BUKOPUCTOBYIOTLCS
OKpPEMO. 3aMiCTh I[HOI'0 BUKOPUCTOBYIOTH aIPeroBaHi METPUKH, IO JIO3BOJISIIOTH
OIIHUTHU SIKICTh KJacudikaTopa B ILJIOMY.

Mipa F1 ma imdexc nodionocmi Jlatica-Copencena

F1 Ta immexc nomionocri Haiica-Copencena (amen. Dice score) € exBiBa-
JIEGHTHUMHU MipaMH, 110, 3a3BUUail BUKOPUCTOBYIOThCS B 3aja4uax Kjacudikariii

(Fl-mipa) Ta cermenranii (Dice score).
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Mipa F1 BuznHagaeThcsd sK cepejiie rapMOHIYHE MiXK BJIYUHICTIO Ta TOBHO-

TOIO.

2 B precision - recall 2T P

precision™! + recall™t ' precision + recall T 2TP + FP+FN
(1.6)

F1 =

[rnexc mogionocri CopeHceHa BHU3HAYAETHCA Ha MHOXKHKHAX, 1, B 3aja9ax

cerMeHTallll, BU3HAYAEThCA Ha MKCEIhHUX MacKaX CerMeHTaIlll:

ANB

D=2 ——_
Al + | B

(1.7)

Taxox, st 6inapanx ganux AN B signosinae TP, a |A| + |B| signosigae
BCiii MHOXKMHI 00’€KTiB, TOOTO ekBiBajenTHo I'P 4+ FP + F'N. Takum 4uHOM,
koedirienT CopeHcena € ekpiBajeHTHEM Mipi F1.

TakuM 9MHOM, IPOAHAJIBOBAHO METPHUKH, 1110 BUKOPUCTOBYIOTHCS B 3a,/1a9aX
aBTOMATHU30BAHOI'O CKPUHIHTY JIjIst KJacuikallil Ta cerMeHTalil Ta BUSBJICHO,
10 B JIAHOMY BUTIQJIKy ONMTHMAJLHOIO 3 TOUYKN 30PYy MOBHOTH METPUKOIO JIOCTO-

BipHOCTI Iependadens € F1-mipa Ta mipa [laiica-Copencena.

1.4. BucHOBKHU 10 MEPIIOTO PO3JILITYy

B nmepiiomy po3Aiji jucepraliiiHol podOTH MpPOBEJEHO aHasi3 1npobJiem
AHAJIZY TJIAHAPHUX 300paykeHb (fKi He MaloTh BUMIDY TIMOWHM, Ta B SKHUX
MOYKHA 3HEXTYBATH MACIITabOM 00’€KTIB) B CHCTEMaxX aBTOMATH30BAHOTO CKPH-
HIHT'Y Ha OCHOBI HefipoMepeKeBUX TeXHOJIOTIH, PO3IVISIHYTO OCHOBHI MOJEI TJIH-
OMHHUX Mepesk, MeToIu 6araTo3a adHoro HaBYaHHs Ta TMIXO/IN JI0 TeCTYBaHHs
HEUPOHHUX MEPEexK.

ChopmysiboBaHO METY Ta 3a/adl JOCIIIIXKEHHS:

MeTo10 OOCHaiIXKEHHS € IIiJBUIIEHHs JIOCTOBIPHOCTI Kjaacudikaril Ta ce-
IMEHTaIlll MJIaHapHuX 300parXeHb B CHCTEMaxX aBTOMATH30BAHOTO CKPWHIHTY
IJISIXOM PO3POOKH HEpOMEpEeKeBUX Mojesieii 1 MeToiB. [l TocsarueHHs MeTn

JIOCJIJIKEHHsT HeOOX1/IHO BUPIIIUTH TaKl 3aBIaHHSsI:
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MPOBECTH aHaJIi3 TPOOIEM aBTOMATU30BAHOTO CKPUHIHTY, TTOKA3aTH TIe-
peBaru Ta HeJOJIKH HelpoMepeXKeBoro MiXomy, Ta OOIpYHTYBaTH Ha-
HPSAAMKH JIOCJ1LJI2KEHb;

pPO3podUTH MTapaMeTpUuUHy Mojie/ib HabOPy JIaHUX, 30KPEeMa 3 4aCTKOBO-
MOMUJTKOBUMU aHOTAIISIMU, STK1 XapaKTepH1 JJIsd peaJbHuX 3a/1a4d aBTO-
MATU30BAHOTO CKPUHIHTY;

PO3pPOOUTH MOJIEb HEHPOHHOT MEpeXKi Ta MeTO/IM HaBYaHHs i Tiepetoa-
YeHHS JJIS aHafi3y MIaHapHuX 300pakeHb;

PO3POOUTH IHCTPYMEHTAJILHI 3aC00H, SIK1 PeaJii3yioTh PO3P0o0JIeH] HePOo-
MepeXkeBl MOJIeJIl Ta, METO/U, Ta BUKOHATH alpodallifo i BITPOBaJIXKEHHS

TEOPETUIHUX Pe3yJIbTaTiB IPU BUPIIIEHH] 3aB/laHb CKPUHIHTY.
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POBILI 2
IIAPAMETPUYHA MOJEJIb HABOPIB JAHUX I3
YACTKOBO-IOMMJIKOBUMUI AHOTAIIISIMU TA METO/I
IX TEHEPAIIII

s cuecreMaTn30BaHOIO BUBUYEHHS BILIMBY MOMHJIOK B aHOTAIlISAX, Ta OIiH-
KU BIIIIOBIJIHOIO BILIMBY 3allPOIIOHOBAHUX PillleHb, PO3POOJIEHO MO/Ie/ib HADO-
Py JaHUX 13 9aCTKOBO-ITOMUJIKOBUMH aHOTAIISIMUA CEMaHTUYHOI CerMeHTallil, 1o
BIJIMTOBIJIA€ OIIHKAM MOJIeJIell IITyMy B PI3HUX 3ajJladaX aBTOMaTH30BaHOIO CKPH-

HIHTY.

2.1. TIpobsiema 4aCTKOBO-MOMUJIKOBUX aHOTAIlili B HAbopax

JaHIX

B zajiauax MalIMHHOIO HaBYaHHSI, HOHATTS YaCTKOBO-IIOMUJIKOBUX aHOTa-
uiit (ames. label noise) € g0CUTH POIMUTHM 1 HOTO HEJIEIKO BU3HAYUTH TOYHO.
B sgiteparypi 1eit TepMiH BUKOPUCTOBYETHCS JIJIsI TTO3HAUEHHST HEBIIIIOBIIHOCTI
aHOTAIllll ICTUHHUM JIaHUM, 11 IIOMIKO/KeHHsI, ab0 Helea bHICTh.

Tpebda BiIpI3HATH YACTKOBO-IIOMUJIKOBI aHOTAINT BiJI IIIyMy V BUXITHUX Ja-
HuX. Tak, A1 MHOXKUHE 300parkeHb X Ta BIJIIOBIJIHOI 11 MHOXXKUHU MITOK Y B
HabOpi JIaHUX yTBOPIOIOTHCs napu (x;, ;). 3a3Buyail, B 3aja4ax kjacudikaril
Ta CerMeHTallll, MHOXKWHA, Y MICTUTH JIMCKPETHI MITKU ¥; PiBHsI 300parkKeHHs,
abo piBHs OKpeMuX IIiKceseil BimoBijHo. i MiTKM 4acTo BiIIIOBIJIAIOTH CIIPaB-
>KHBOMY KJIACY eJIeMEeHTa X;, aJle BOHU MOXKYTh OYTH IiJIJIaHl BILJIUBY IIIyMOBOI'O

IPOIIeCy MepeJl TUM, K OYIyTh IpeCTaBIeH] aJrOpuTMy HaBUAHHAI.

2.1.1. IIpupoaHi npuYmMHN IMOMMJIOK B aHOTAaIligX B Habopax ga-

Hux. Bijgnosigao 10 [89], isenrudikaiiist JpKepes HOMUJIOK B aHOTALisX He
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000B’SI3KOBO BaxKJIMBa, KOJIK (POKYC aHAJI3y 30CEpe/PKEeHUil Ha HAC/TiKax IHUX
nomusioK. OiHaK, KOJIM MOJIEJI PO3IOILIY IOMIJIOK MaloTh OyTH BOyIOoBaHI Oe3-
110CEPEJIHBO B aJITOPUTMU HaBYaHHS, D0 OITUMI3alll, siKa TOYHO HOsCHIOE JI2Ke-
peJia Ta BU/L [Ty MY.

3a3Buvaii, TPUPOIHI MOMUJIKN B AHOTAIIAX BIAOYBAETHCS, KOJIN JI0 MPOIECY
AHOTYBaHHS 3aJIydeHi JIOAu-aHoTaTopu. Tofl, TpUUnHAMUA HEKOPEKTHUX aHO-
Talliii MOXKYTh OYTH Bi3yaJIbHO-CXOXK1 CTPYKTYPH, HEJOCTATHIH JTOCBi poboTH
AHOTATOPIB, BUIAIKOBI TOMUJIKH Yepe3 HeOOEPEXKHICTh, a TaKOXK JIIOJICHKI yIIe-
PEJPKEHOCT.

Agropu [90] npornonytors HacTynHy Kaacudikalio BUIIB 3211y MJIEHHs PO3-
MITKH:

— PiBHOMIpHI TOMUJIKK - IMOBIPHICTD 3MiHN MITKH KJacy Ha MITKY Oy/ib-

SKOTO 1HITIOTO KJACy PO3MOJIIIeHa PIBHOMIPHO;

— 3aJIeXKHI BIJI KJIaCy TOMUJIKY - UTMOBIPHICTH 3MIHU MITKH KJIACYy Ha MITKY

1HITIOTO KJIACY 3aJIEXKUTH BIJ| IUX KJIACIB;

— 3aJIeKHIl BlJl O3HAK IOMUJIKHU - UMOBIPDHICTH 3MIHU MITKU KJacy Ha Mi-

TKY IHIIIOTO KJIacy 3aJIe’KUTh BiJl 03HaK 00’ekTa. Ha BinMiHy BijT iHITIHX
JIBOX BHU/IIB, Teil Maii>Ke He 3yCTPiuaeThbcst B pobOTAX uepes3 CKJAIHICTD
BUKOHAHHSI.

Hanpukiiaj, nadip janux Imagenet, 10 BUKOPUCTOBYETHCS STK OCHOBA JIJIst
TpancdepHOro HaBYaHHS B iHXKeHepHiit mpakrturi [43], Mae 3HadHUit BiICOTOK
MOMWJIKOBUX aHOTalliil, yepe3 Te, MO0 B HbOMY Ha OJIHOMY 300parXeHHI MOXKe
3HAXOIUTHUCS JIEKLIbKa 00’€KTIB PI3HUX KJIACIB, aJie MITKa € TLILKN JJIsT OJHOTO.
Agropu [91] oniHO0OTH piBeHb HOMUJIOK Ta IPOIOHYIOTH BapiaHT jijist HOro as-
TOMATUYIHOI KOPEKIlil Yepe3 po30uTTs 300paskeHb 3 JieKiJibKoMa 00’€KTaMu Ha
JIeK1JIbKa 300pakeHb 3 OJIHUM 00’ €KTOM.

Takox, B 3ajadax cerMeHTallil, MOMUJIKH B AHOTAIIAX MOYXKYTb OyTH yTie-
pepkeHuM [92] BiAMOBITHO 70 JIO/IEH-aHOTATOPIB, KOXKHUI 3 SIKHX DPO3MIivae

300parkKeHHsI eBHOIO Mipoio cyd ekTuBHO. OCODIMBO 1acTOO 151 pobJieMa € B
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3a/1a9aX MEJIMTIHOI CeIMEHTAINl - B JIEIKUX IPUKJIAJHUX 00JIaCTAX HABITH OJIUH
1 TOil caMmii aHOTATOP MOKe JIaBATH PI3HY PO3MITKY OJHUX 1 THX CaMHUX 300pa-
KEHb, B 3aJI€2KHOCTI BiJl BiiacHoro crany [93].

st roro, o0 omiHuTH NPUOIU3HKUNA PiBEHb IOMUJIOK B CKJAJHUX yMOBaX
Jist Jiojieli-anoraropis, asropu [94] crBopusn creniajabauii HAGIP JAHUX, 1110
CKJIQJIAEThCA 3 Map KJjaciB 00 €KTH sIKUX MalOTh CXO0XK1 Bi3yaJbHI O3HAKHU, Ha-
HPUKJIAJ, KIT Ta PUCh, aD0 BOBK Ta KOMOT. ITic/ist po3MITKHU MPUKJIAIIB JIOIbMH,
aBTOPU BUKOPHUCTAJM TIEepeXpecHy TepeBIpKYy JJs OIMIHKU HMOBIPHOCTI 3MIHU
MITKM KJjlacy B napax, ska puiinuia pisnoto 6.44%. Opnouacno 3 nabopom sa-

HUX, aBTOPU TaKOXK 3aITPOTIOHYBAJIN METO/] BIITHOBJIEHHS MPABUJILHUX aHOTAIlN

SELFIE.

2.1.2. BBengeHHda NMOMMJIOK B aHOTAaIlili HabopiB gaHuX. B mpormeci
TECTYyBaHHS PISHMX METOJ1B MAIlIMHHOIO HABYAHHS B YMOBaX 1aCTKOBO-IIOMUJIKOBUX
HaOOPIB JJaHNX BUHKUKAE 1TOTPEda B TECTOBUX HAOOPaAX JAaHUX, [0 MAIOTh JOCTO-
BipHI aHOTAIIIl, B TO#l Yac, K HasABHI HAOOPH JIAHUX MalOTh YaCTKOBO-IIOMUJIKOBI
aporarlli. OCKIJIBKE OTPUMaHHSI TAKUX HAOOPIB JAHUX € IPAKTHIHO HEMOXKJIU-
BMM, OCHOBHMM BapiaHTOM TECTyBaHHS METOJIIB MAITMHHOIO HaBUYAHHS € Iepe-
XpecHa nepeBipka mojesieir. OJHaK, BUKOPUCTAHHS EPEXPECHO] IePeBIpKU 3
HEPOMEPEXKEBUMH METOAAMN YCKJIAJHIOETHCS BUCOKMMHU BHTpaTaMU dacy Ta
O0YHUC/IIOBAJILHUX PECYPCiB, 0COOJIMBO JiJIsi BEJIMKUX MOjesieil HepOHHUX Me-
pex.

Tomy, BaxKJIMBUM METOJOM BHKOPUCTAHHS HAOOPIB JAHUX 3 JOCTOBIPHUMHU
QHOTAIISIMU € IITYy4YHEe BBEJEHHS TTOMUJIOK JI0 OPUTTHAJbHUX, sIKICHUX aHOTAIllN
TIIBKH JIJIsl TPEHYBaJbHOTO HAOOPY JaHUX.

Hanpukias, B pobori |90| 3amponoroBani MeTon jlo/iaBaHHs TOMUJIOK Ha
OCHOBI 3a3HaveHol Buile Kiacudikarii. /I Bcix KiaciB B HAOOpI JTaHUX CKJa-
JTAETHCST MATPHIl HEeBlIoBITHOCTEH N, TaK IIo:

st preHoMIpHUT NOMUNOK:
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D AKIIO 7 = )
T AKIIO 4 # j
jie M - KIJIBKICTD KJIacCiB.

Hutst nomunox, wo 3asescamsv 6id kAaCY aBTOPU HMPOIOHYIOTH BUKOPUCTO-
BYBaTU MaTPHUIIO HEBIAMOBIJHOCTEN, IO CTBOPIOETHCSA TOTEPETHBO HABUEHOIO
HEPOHHOIO MEpPerKero.

st nomunok, wo saresncams 610 03uak, B poOOTI 3allpOIIOHOBAHO BUKO-
PUCTaHHS NPETPEHOBAHOI HEHPOHHOI MepexKi B sIKOCTI €eKCTpaKTopa O3HaK, 3
1O/IAJIBIIOI0 1X KJIACTEPU3ALIEI0 Ta 1100y I0BOI0 MaTPHUIl HEBIJIIIOBIHOCTEI.

Tak camo, MOXKHa BHUKOPUCTOBYBAaTH 3a3HAvYeHl METOJM 1 Jijist 3ajadi ce-
I'MEHTAIIIT, 3MIHIOIOUM MITKHU KJIACY JIJIS BChOTO 00’€KTY B I[IJIOMY, OJHAK, IIe He
BIIIIOBITa€ OLILIIOCT] peajibHUX IIOMUJIOK B 3aJ1adl CerMeHTalril.

OKpiM 3MiHM MITOK KJACIB JiIsi 00’€KTIiB B IIJIOMY, MAaCK CEeMaHTHIHOI ce-
I'MEHTalll MOXKYTh HE IOBHICTIO 1HOKpUBATU 00’€KTH, aDO 4aCTKOBO HE BIJIIIO-
Bijtlaru X KouTypam. Jljist MojiesiioBanHst MX HeJI0IKIB aHoTaliil, B pobori [92]
3aIPOIIOHOBAHO BBEJIEHHSI IMOMUJIOK sIK HEyIepPeXKEHO TakK 1 yHnepeKeHo Bij-
IIOB1JTHO:

— ejacTH4Ha TpaHcdopMallisd MacoK JIJisd KOKHOI'O 3 00 €KTiB;

— KOHCTAHTHHUI 3CYyB MaCKu BIJIHOCHO 00’€KTa jijisi BCIX 300paskeHb.

Taki mojiudikallil MOXKHa PO3IJIsJIATH K OKPEMUI BUIAJIOK TOMUJIOK, 1110,
3aJI€2KHOT0 BiJI O3HAK JIJIsT 3a,/1a491 Kacudikaliil, SKIo PO3IJIsIaTi CerMeHTAI0
sIK 3aJ1a9y MIKCEJbHOI KJaacupikaril.

TakxoX, OKpeMuM BHIIaJIKOM PIBHOMIpHHX MOMUJIOK B aHOTAISIX € BiJICY-
THICTh MaCOK CEIMEHTAIIil JJIs MeBHUX 00 €KTiB, ab0 X NPUCYTHICTH B MICIIX,
Jle Hemae o0’ekTiB. B TakoMy pasi MOMUJIKKM BUHUKAIOTh MiXK KJiacaMU O €KTiB

Ta KJIacOM (DOHY.
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2.2. IlapamerpudHa MOJe/ib HAOOPY JIaHUX i3

9aCTKOBO-IIOMMJIKOBMMNA a.HOTaI_IiSIMI/I

st BijloOparkeHHsi IIOMUJIOK B aHOTAIlsIX HADOPY JaHUX, 3alIPOIIOHOBAHO
IITYyYHE BBEJICHHS TTOMUJIOK 3a JIOTIOMOI'OI0 BUIIAIKOBOT'O 3aCTOCYBaHHsI MOPQO-
JIOTTYHHX OIlepalllil eposil Ta AujaaTalll 3 KBaJIpaTHAM dIPOM JI0 MaCOK CerMeH-
TaIil oKpeMnx 00’€KTIB Iepe/l JOJAaBAHHIM 1X JI0 3araJbHOl MacKH.

Omnepariii eposii Ta guaaTaiil BIAIOBIIAIOTL HEyIEPeIKEeHUM MTOMUJIKAM,
OCKIJIbKM 38, TXHIM Pe3yJibTaTOM HE MOXKHa BIJHOBUTH BHUXIJHY KOHQIrypario
macku [92]. Takox, o3nadeni onepaiil peajisyoTh TOMUJIKH, 10 3aJ1€KATh Bijl
O3HaK, OCKLJIbKA HEpPIBHOMIPHO MOJIM(IKYIOTH TOHKI Ta OLIbII TOBCTI JIiHII, a
TaKOXK MOPOXKHUHK Ta OIYKJIOCTI.

Ha BigMiHY BiJI TEOMETPUUHKUX IEPETBOPEHb MACKM, BKJIIOUEHHs, aD0 HEB-
KJIIOUEHHS MIKCEJB 3 TPAHUYHUX PETIOHIB MACKM € YACTIINM BUIIAJIKOM MTOMU-
JIOK B aHOTAI[lsIX 3aJ1a4l CerMEeHTAIlll.

IIpu cTBOpeHHI mapamMeTpudHOl MOojiesli HaDOpIB IJIaHAPHUX 300pakeHb 3
aHOTAIlIIMHU B 3aJadaxX aBTOMATHU30BAHOTO CKPUHIHTY BPaXOBYETHCsS HACTYIIHE:

— B 3ajJ@auaX CKPUHIHI'Y 00'€KTH YacTO HE MaiOTh UITKUX KOHTYPIB, a Ta-
KOXK TX TeKCTypHe 3abapBJIEHHSI MOXKE 3JIMBATUCS 3 TEKCTYPOIO (DOHY,
abo 00’€KTIB IHINUX KJIACIB, TOMY MOJIe/Ib HADOPY JIAHUX Ma€ MaTu MO-
JKJIUBICTD BIATBOPEHHS O0’€KTIB 3 HEUITKMMU KOHTYpaMU Ta 3 TEKCTY-
paMu, 110 9aCTKOBO CIIBIIA 0T 3 (POHOM.

— Meronn mokastizanii Ta Kiaacudikalil B 3aa7aX aBTOMATH30BAHOI0 CKPH-
HiHI'Y 00’€KTIB BUKOPUCTOBYIOTH $iK TEKCTYpHY iHQOpMalliio, TaK i iH-
dopmaliito po rpaHull, TOMY MOJEJb HADOPY JAHUX Ma€ MaTh MO-
JKJIMBICTH TIPEJICTABJICHHST Ha 300paKeHHAX PIZHUX 00’€KTIB 3 PI3HUMMU
XapaKTEePUCTUKAMU K I'PaHUIlb, TaK i TEKCTYP.

— O6’ekTH B 3aJ1auaX aBTOMATH30BAHOI'O CKPUHIHTY MOYXKYTHh MaTH Pi3HO-

MaHITHI OpMHU HABITh B MeXKax OJIHOI'O KJIACY, TOMY MO/Ie/Ib HAbOPy
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JIAHUX Ma€ MaTU MOXKJIMBICTH MOJICJIFOBAHHI 00 €KTIB OJIHOIO KJIacy, IO
MAalOTh PI3HOMAHITHI 30BHINIHI XapaKTEePUCTUKMA.

Takum 4MHOM, 3reHepoBaHi aHOTAIll MAIOTh BPaXOBYyBaTH HACTYIIHI ITOMUJI-

KU:

— aHoTalil cerMeHTallii, 1o 3axX0ILII0ITh CYCiIHI 3 00'€KTOM MiKCeJIi;

— aHoTalil cerMeHTalIlll, 1o IOKPUBAIOTL 00 €KT He IOBHICTIO;

— BIJICYTHI aHOTAIIl cerMeHTalll Jijisi JessKux 00 €KTiB;

— TPUCYTHI 3aiiBl aHOTAIN] Ha MICIIX, e HeMae 00 €KTiB.

3 ypaxyBaHHSIM BHINE3a3HAYEHUX BJIACTHBOCTEMH, 3alIPOIMOHOBAHO MOJIEJIb

nabopy mannx M Mae HaCTYIIHE NPeICTABICHHS:
M e {Xba Xtexa N7 Sim97 Sobj7 Amam7 Nobj7 Pe7 Pd7 Se: Sd} (21)

e Xy - Habip 300pakeHb (hoHy,

X't - nabip o0’exTis,

Xier - HADIP 300paskeHb TEKCTYP 00 €KTIB,

N - KiJIbKICTb 300parkeHb B 'eHEpOBAHOMY HabOP1 JIaHUX,

Simg - PO3MIp reHepoBaHUX 300parkeHb B MIKCeJIX,

Sopbj - CepeJIHiil po3Mip 00’ €KTa B MIKCeJIAX,

A e - MAKCUMaJIbHE BlJIXUJICHHS pO3MIpy 00’€KTa B BiJICOTKAX,

Nopj - MaKcuMasibHa KUILKICTH 00’€KTIB Ha 300paskeHHl,

P, ta P; - iiMOBIpHOCT1 3MEHIIIeHHS Ta 301/IbIICHHs] MACKH KOXKHOI'0 3 00’ €KTiB,

Se Ta Sy - pomnycTuMi MaciiTabu 301JbIIEHHS Ta 3MEHIIeHHsS MacOK BCIX
00’€KTiB.

OcraHHl 90TUPHU TapaMeTPU BBEJIEHO JIJIsi KOHTPOJIbOBAHOIO CTBOPEHHSI 110~
MUJIOK B aHOTAIIsIX.

B sikocTi HabOpiB jlaHuX 00'€KTIB MOXKYTh OyTH BUKOPUCTAH] 300parkeHH 3
nabopis mammx MNIST [95], abo FashionMNIST [96].

Bukopucranis 3a3HadeHnx HAOOPIB JAHUX 3yMOBJIEHO HACTYIHUME (HPaKTO-

pamu:
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MOXKJIMBICTH IPOCTOIO BijjiiieHHsl 00’€KTa BiJ BUXiJHOIO (POHY JIJIsd
CTBOPEHHS aHOTAIlll CerMEeHTAIlll;

HasIBHICTH CXOXKUX €JIEMEHTIB 3 pi3Hux kJjacis (Hanpukia, nudpu 1 ra
7, abo knacu T-shirt ra Dress), mo j03BoJIsle BUKOPUCTATH 111 00 €KTH
sIK CXOXK1 TPEJICTABHUKHU PI3HUX KJACiB, OCODJIMBO MPU BUKOPHUCTAHHI
CXOXKHUX TEKCTYD I 1X 3a0apBJICHHSI;

HASABHICTH PI3HOMAHITHUX 3a (POPMOIO 00'€KTIB B MeXKaxX OJIHOIO KJIAcy
(mampwkiaJi, pisHi BapianTu Hamucanus udp, abo pisHuii 30BHINTHII
BUIJIS]] IPEJIMETIB OISy OJJHOIO KJIacy)

BHCOKa TOYHICTh POOOTH CydacHMX HEHPOHHUX MepPexK Ha IUX Habopax
JIAHUX, 1110 JI03BOJIsI€ CKOHIIEHTPYBATHCs Ha BIJINBI IOMUJIOK B PO3MITII],

3aMICTDh pO3IMI3HaBaHHSI Oe310cepeIHLO 00 €KTIB

st cTBOpEeHHST TEeKCTYP 00’€KTIB MOyKe OYTHU BUKOPUCTAHUI OYIb-sIKMi Ha-

6ip HaTypaJbHUX 300parkeHb 3 icHylounx 6a3 300parkeHb, HApuKJIa/, Imagenet

[43], abo iioro nijsubipka Imagenette [97]. Bukopucranns nabopy peasbHUX

300paXkeHb JI03BOJIsi€ 3a0e3[eUnTU PIZHOMAHITTS TEKCTyp 00’eKTiB Ta (oHYy.

Jl1s1 3abe3mevueH sl CX0KOCT1 TEKCTYp 00 €KTIB Ta (POHY, MOXKJIMBE 3aCTOCYBAH-

Hsl OJTHOI'O 1 TOTO K HaDOpy 300paskeHb JIJIsl TeHepallil TeKCTyp K (oHy, Tak

i 06’exriB. st Toro, mob yHUKHYTH HOBHOI'O 30iry Tekcryp 00’ekTiB Ta ho-

HY, JIJIST HUX BUKOPUCTOBYIOThCS Pi3HI 300parkeHHst 3 OJ(HOTO HADOPY JIAHUX 1110

3a0€e31e4Yy€eThCs METOJIOM I'eHepallil HabopiB JIaHuX.

2.3. Meton resepariii HabopiB JaHUX

3amporoHOBaHO METOJ KOHTPOJIOBAHOI TeHepallil sik 300parkeHb, Tak 1 Ma-

COK CerMeHTaIiil 1mo MOIMMIKYIOTHCS BIIIOBIIHO /10 BUITAIKOBO OOPAHUX TOMM-

JIOK.

Ha ocHoBI mapaMeTprdHOl MO/ TeHepYIOThCs HaBYAJBHUN Ta TECTOBHIA

HAOOPH JIAHUX, BCl 300parkeHHs B HAOOpaX reHepyIThCs He3aJIeXKHO.
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KonTpoJsiboBaHa renepaiiis 300paxkeHb BUKOHYETHCS B JIBa €Talli: eHepallis
¢ony Ta posTalryBaHHs Ha HbOMY JIOBLJIBHOI KiJbKOCTI 00’eKkTiB. JlJis1 renepariil
dony MOKyTb OyTH BUKOPUCTAHI siK 3BUYaliHl HATypaJibHI 300pakeHHs, Tak 1
CUHTETUYIHI TEKCTYPH, I 3aJUBKa KOHCTAHTHUM KOJBOPOM.

Ha ocroBi 3anpornonosanoi napamerpuarol Mojedi (2.1) pospobiero meros
rexepaliil HaOOPIB JaHKUX 13 YACTKOBO-IIOMUJIKOBUMY aHOTAIIAMU, SKUA MICTUTH
HACTYTHI KPOKMU:

1. Bubparn Bunajxose 300pazkennsa (pony: Tpy ~ Xy

2. Bubparu xinbkicrs 06’extis na 306paxkenti: Ny ~ U(L, Nop;)

3. [Iposecr ininiasizarnio mackn cermentarii: M = 0 tax mo M € RE*Simg*Simg

4. BukonaTu HacCTyIIHI KPOKH M) Pa3lB:

4.1 Bubparu posmipu 06’exkta: s ~ U (Sopj — Amazs Sobj + Dimaz)

4.2 BubpaTtn KoOpIMHATH PO3MINIEHHS 00 €KTa:

if ~ U(O,Simg — 8)
jf ~ U(O,Szmg — S)

Y : : o
4.3 Bubparn sobpaxennsi ob’ekra Ty, ~ Xy Ta BLIIOBLIHUE Kiac
Y
ob’exra crg ~ Vy
4.4 3minuTu po3mip 300parkeHHst 06’e€KTa 3a, JOIMOMOTO0 OLIIHIHOT 1H-

TEePIOJIATIII:

i'fg = Rbilinear(mfg)

4.5 Bubparu 300pakeHHST TEKCTYPH Loy ~ Xier

4.6 Momudikysaru 300pakeHHsi 00’€KTa 3a JIOMOMOI'0OI0 TEKCTYPH:
ffg = Xfq0 xtem[if : if + S,jf : jf + S]
4.7 PosmicTutu 300parkeHHst 00’ €KTa Ha 300parkKeHH] (DOHY:

Togliy o i 45,57 Jp+ 8] = (1 —aypy) 0wy + Ty
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4.8 ChopmyBaTi MacKy cermMeHnTariii oo’ekra;
MS@g — .Q?fg > 9569

1e Oyeq - nopir 6inapusarnii BuxijgHoro 300pakenns 06’exra. g nabopy gannx
MNIST 0y, = 0.2, ana nabopy nanux FashionMNIST 6., = 0.1.

4.9 MoaudikyBaTu MacKy cerMeHTallil BiJIIIOBIHO /IO HEOOXiTHOIO PiB-
Hs TTOMUJIOK:

v Meq @ K525 gxmo pg ~U(0,1) < Py
seqg —

Mseq © K55 gxmo p, ~U(0,1) < P,

ne K55 - vampumst synpa K% %% - marTpus sapa eposii.
4.10 Pozmictutu MomikoBaHy MacKy cermMeHTallii 0b6’eKTa Ha 3arajb-

HOMY 300parkeHHl MAaCKH CerMeHTallil:
Mlepg,ip i 4,574+ 8| =max {Mcpg,iptip+ 8,57 I+ 8], Msey}

4.11 36eperTu 300paxkenus Ty, Ta Macky M

5. 3aBepIIUTU T'eHepallifo

3aB/IsIKM TAaKOMY BapiaHTy reHepairiil, MOXKJIMBO OTpUMaHHs 0e3/1iul Habopin
JIAHUX 13 CXOXKUMW XapaKTEPUCTUKAMU, IO JO3BOJISIE BUKOPUCTOBYBATH Hela-
paMeTpUIHI CTATUCTUYHI METOJIM, TaKl K Oy TCTPEIiHT JIJIst OIiHKY Mojiesieii. Ha
HpPaKTHIl, JJI reHepaliil pi3sHUX HAOOPIB JaHMUX, JOCTATHLO 3MIHH iHIIiaJsizari

regepaTopa BUIIaJKOBUX YHCEJI.

2.4. Amnaui3 po3po0JieHOro MeToAy reHepaillil HabopiB JaHUX

B nanoMy po3zjiijii MpoBejieHO aHaJi3 reHepallil 300parkeHb Ta aHoTallii Ji1st
pizHUX HAOOpIB IapaMerpiB Mojesi. 3a JIOIOMOI'OK 3aIlIPOIIOHOBAHOI IapaMe-

TPUIHOI MOJIesIi HAOOPy JaHUX Ta METOJy TeHepallil, IPOBEJIEHO MeHepaIliio Ha-



85

OOpiB JJAHKUX 3 PIBHOMAHITHUMU XapaKTEePUCTUKAMM, IIOKA3aHO MOXKJIMBI 3314,
B SIKMX TaKi HAOOPHU JAHUX MOXKYTb OyTH BUKOPUCTAHI.

Ha pucynkax 2.1 Ta 2.2 300pakeHo Ha#IPOCTIINIA BUIIAJIO0K JIJIsi PeHepaliil
3a JIOIIOMOI'OIO MOJIeJIi: 3all0BHEHHs (POHY Ta 00’€KTIB KOHCTAHTHUMM 3HAUEH-

asivu (01 1) BigmosijgHo.

Pucynok 2.1. O6’ektu MNIST, don: korcranTauii, Koyip 00’€KTiB: OLIMi

Pucynoxk 2.2. O6’ektu FashionMNIST, ¢on: koncranTHuii, Koyip 00’ €KTiB: Oi-

JIni

Taxi renepoBaHi 300pakeHHsI MOXKYTb OyTH BUKOPUCTaHI IPU TECTYBaHHI
6a30B01 JOCTOBIPHOCT] IIPOI'HO3IB MOJI€/ICH HA CUHTETUIHUX JaHUX JIJIsi OTPU-

MaHH$ TTOKa30BOTO MaKCUMAJHLHOTO PIBHS JIOCTOBIPHOCTI, KU MOXKE JOCITTH
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TecTOBaHa MOJIeJ/Ib Ta MeTo/I 11 HaBYaHHs B i7eajibHuX yMoBax. Hacammepes, Bu-
KOPUCTAHHs IIPOCTUX 300parkeHb KOPUCHE JIJIsT BaJialil Mojieieil KJIacuIHOTO
KOMII'FOTEPHOI'O 30PY JIJIs CIPOIIECHHs BlIOOPY 03HAK 300parKeHHsI JIJIsi 110/1a/1b-
1100 BUKOPUCTAHHS B 3aja4dax KJjacudikarii.

Ha pucynkax 2.3 ta 2.4 300paxkeHo (poH 3 BUKOPUCTAHHSIM 300parKeHHS 3

Habopy Janux [magenette ta 3amoBHeHHss 00’€KTIB KOHCTAHTHUM 3HAYCHHSIM 1.

Pucynok 2.3. O6’ektu MNIST, don: Imagenette, kosip 0b’exriB: Oiimii

Pucynox 2.4. O6’ektu FashionMNIST, don: Imagenette, kosip 06’ekTiB: Oiimit

Takuil BaplaHT reHepOBaHUX 300parKeHb JIONIJILHO BUKOPUCTOBYBATH IIPU
TECTYBaHHI MOJIeJieil Ta METO/IIB MaIlIMHHOI'O HaBUYaHHs y BUIIAIKaX, KOJU HE0b-
X1JTHA JIOKaJIi3alllsl HeTEKCTYPOBaHUX 00’€KTIB Ha TEKCTypHOMY (POHI, aD0 TaKUX

00’€KTIB, B IKMX I'OJIOBHUMU O3HAKaMU JIJIsi CEIMEHTAllll MaloTh OYyTH KOHTYPHU
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ob0’exTiB. Takoxk, JaHuii BapiaHT reHepariil 300pakeHb MOXKe MICTUTH (DOHOBI
KOHTYPH, 1110 CXOK1 HA KOHTYpPHU O0’€KTIB, 1110 € XapaKTePHUM JIJIsI 3a]1a9 aBTO-
MaTU30BAHOIO CKPUHIHI'Y B DEHTI€HOJIONT (HApUKIIa,L, BhJrooporpaMu).

Ha pucynkax 2.5 Ta 2.6 300paxkeHo (poH 3 BUKOPUCTAHHSIM 300parKeHHs 3

Habopy janux Imagenette ta 3amnoBHenHst 00’€KTIB KOHCTAHTHUM 3HadYeHHM (.

Pucynoxk 2.5. O6’ektu MNIST, don: Imagenette, Kosip 06'€KTiB: TOpHU

Pucynok 2.6. O6’ektu FashionMNIST, ¢on: Imagenette, kosip 06’ekTiB: dop-

HUM

4K 1 nonepeHiil BapiaHT I'eHepoBaHUX 300parkeHb, 1eil BapiaHT JOIIJILHO
BUKOPHCTOBYBATH IIPU TECTYBaHHI MOJjiesiell, 30 MAIOTh MPaIIOBATH 3 HETEKCTY-
poBanuMu ob’ektamu. Ha BijMiHY BiJi IOIepeHbLOrO BapiaHTy, B JaHOMY BH-

HaJIKy KOJIIP 00’'€KTIB EPETUHAETHCS 3 KOJbOPOM TiHel Ha (DOHI, 1110 BiJIIOBI/I-
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a€ TaKUM 3aJ1a49aM, K CKPUHIHT Ha OCHOBI 3pi3iB KOMII T0TepHUX ToMorpam. Lle
JIO3BOJISIE BUKOPUCTOBYBATH 3aIIPOTIOHOBAHY MOJIEb JIJIsl TECTYBaHHS JIOCTOBIpP-
HOCTI METOJIiB cerMeHTallll 00’ €K TiB, CXOXKUX 3 eJleMeHTaMu (POHY.

Ha pucynkax 2.7 300pakeHo HaWCKJIa HIIINKE BapiaHT HADOPY JIaHUX: K

doH, Tak 1 TekcTypu 00’€KTIB B35ATO 3 HAOOPY JaHux Imagenette.

Pucynok 2.7. O6’ektu MNIST, don: Imagenette, mekcrypu 00’eKTiB:

Imagenette

Pucynok 2.8. O6’ektu FashionMNIST, don: Imagenette, Tekcrypu o0’eKTiB:

Imagenette

Taxkuit BapiaHT reHepoBaHUX 300pakeHb BIJIIOBiJa€ OLILIIOCTI 3aja4 aB-

TOMATU30BAHOI'O CKPUHIHIY, OCKIJIbKK 00’€KTU BLIJILIAIOTLCS Biji (DOHY $IK 34
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JIOIIOMOT'OI0 TEKCTYP, TaK 1 3a JOIOMOToI0 KOHTYpiB. [Ipn Takxiit reneparii mo-
PKJIMBl BUIAJIKUA OO €KTIB OJIHOIO KJACYy 3 IMOBHICTIO PI3HUMU TEKCTypaMu, a
TaKOXK Pi3HI KJiacu 00’€KTIB 3 OJIHAKOBUMU TEKCTYypaMM, 1110 BiJIIIOBIJIA€ PI3HO-
MIHITTIO JIAaHMX B 3ajladax aBTOMaTU30BaHOI'O CKPUHIHIY. TaKoXK, HA PUCYHKY
2.8 BHMBY CIpaBa MPOJIEMOHCTPOBAHO ODEIKT, TEKCTYPa sIKOTO JIMIIE HE3HATHO
BUPI3HSAETHCS BiJl TEKCTYpH (POHY

s naounocti, Moamdikallii MacOK CerMeHTaIlil [10Ka3aHO Ha IIPOCTUX
300parkeHHAX 3 KOHCTAHTHUM KOJHOPOM (DOHY Ta 00’ €KTiB.

Ha pucynky 2.9 300paxkeHo BuxijiHe 300parkeHHsi, MacKy CerMeHTallil 3 epo-

3i€10 siipoM 3 X 3 Ta X KOMOIHAIIIO JIJIsT HAOUHOCTI.

Pucynok 2.9. O6’ektn MNIST, eposist mackn siapom 3 X 3

Ha pucynky 2.10 300pakeHo BuxijHe 300parKeHHs, MACKy CerMeHTallil 3

JIAIATAIIEIO SIAPOM 3 X 3 Ta IX KOMOIHAINIO JIJIsT HAOTHOCTI.

Pucynoxk 2.10. O6’ektu MNIST, nunararis mMacku sjapom 3 X 3
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Ha pucynky 2.11 300pakeHo BuXijHe 300parKeHHs, MAcKy CerMeHTallil 3

JIAJIATAIIEI0 Ta €pO3ieio saIpoM 3 X 3 Ta X KOMOIHAIO JIJIsI HAOUHOCTI.

Pucynok 2.11. O6’ekt MNIST, eposist Ta nuiaraiiisi Macku siapom 3 X 3

Takox, 1ipu BUOOPI PO3MIPIB sijiep €po3il noTpidHO OyTH YBarXKHUM JIO BHU-

X1JIHMX MaCOK - JIy’Ke BEeJIUKI sijipa epo31l MOXKYTh 3HUNIATHA MacKy cermMeHTarii
) :

Juis 06’ekra. Ha pucynky 2.12 300parkeHo BuXijiHe 300parkeHHsI, MacKy CerMeH-

Talfil 3 eposiero sIApoM 7 X 7 Ta IX KOMOIHAINIO JJIsT HAOIHOCTI.

Pucynok 2.12. O6’ektu MNIST, eposist macku sigpom 7 X 7

Takum 4MHOM, BUKOHYETHCSI I'€HePallist 9aCTKOBO-IIOMUJIKOBUX aHOTALIH 1151
300paskeHb B MOBHICTIO KOHTPOJILOBAHUX YMOBAX, IO JO3BOJISIE BUKOPUCTOBY-
BaTW 3allPOIOHOBaHI MOJEJb Ta MEeTOJI JiJisd TeCTyBaHHs Mojesell Ta MeTOJiB
MAaITIHHOIO HaBYAHHSI.

IIpoBesieno anaJjii3 BILIMBY PO3MIpiB Ta (bopMH sijiep epo3il Ta JuiaTallil

Ha JIOCTOBIPHICTH 3reHepoBaHol po3miTKu. JlocToBipHiCTH BU3HAYEHO sIK MIpy
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Haiica-CopeHcena MixK BUX1JIHOIO T€HEPOBaHOIO PO3MITKOIO Ta Pe3yJIbTaTOM OIle-

pariit eposii Ta mguiaaTalii HaJ 1i€l0 po3MiTKOO. I'padiku 3aj1eKHOCTI 300pa-

2KEeHO Ha pucyHky 2.13.

O6'exkTIn MNIST
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Pucynox 2.13. 3ajexXHicTh JOCTOBIPHOCTI aHOTAIII# BiJl po3Mipy Ta hopMu siaep

eposii Ta JuaaTalil

3 3aznaueHoro rpadiky BUJIHO, IO JOCTOBIPHICTH HEJIHINHO 3aJI€3KUTh Bl
KIJIbKOCTI HEHYJILOBUX €JIEMEHTIB sijipa MOPOJIOrUHUX Olepalliil, a TaKo»X Bi/l

posmipy syipa. TakoxK, mokasano, mo Habip ganux 00’ekriB MNIST e Oibim
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CXWJILHUM J0 3HUKEHHSA JIOCTOBIPHOCT] Uepe3 BBeIEHHsI IMOMHJIOK B aHOTaIlil
yepes OLIbINY KiJIbKICTh TOHKHUX €JIEMEHTIB, 1110 3HUKAIOTh I11]1 BILIKBOM Ollepaliil

epo3il.

2.5. BucHoBKHM /10 APYyroro po3aiiy

Y Jpyromy posjiijii IpeJcTaB/IeHO IapaMeTpUdHy MOjesb HabOpiB JaHuX
13 1aCTKOBO-IIOMMJIKOBOIO PO3MITKOIO JIJIsT 3aJa1 cerMeHTalll Ta Kiacudikaiii,
110 BIJIIIOBLJAE OLIHKAM MOJieJieii TIOMUJIOK B PI3HMX 3a/ladax aBToOMaTU30BaHOIO
CKPUHIHTY, a TaKOXK MEeTOJ| KOHTPOJILOBAHOI reHepallil sk 300parkeHb, Tak 1 Ma-
COK CerMeHTallil Ta MiTOK KJIaCiB 1110 MOAN(IKYIOThCs BiJIIIOBIIHO JI0 BUTIAKOBO
OOpaHUX HEJIOJIKIB.

[IposemoncTpoBaHO pi3HI BapiaHTH TeHepallil 300parkeHb, y3arajbHEeHO 3a-
JIEXKHICTD JIOCTOBIPHOCTI PO3MITKH Biji (popMU Ta PO3MIPIB sijiep eposii Ta jujia-
taiil. [Tokazano BapiaHTi 9aCTKOBO-IIOMUJIKOBUX QHOTAIIIN JIJIsi IPOCTUX JIaHUX
JIJ1sT HAOYHOCTI.

YiockoHaJeHO MeToj, reHepaliil HabOpIB JaHUX 13 YACTKOBO-IIOMUJIKOBIMUI
AHOTAIISIMHU Ha OCHOBI IMapaMeTPUIHOI MOJIEJ, M0 3a PaXyHOK IO 32 paxyHOK
refepaliil aHOTaIllil: JacTKOBO-ITIOMUJIKOBUX JIJIsI TPEHYBAJIbLHOI BUOIPKK Ta JO-
CTOBIPpHUX - JIJIsl TECTOBOI, JaJ0 MOXKJIMBICTH BUKOHYBATH TECTYBAHHS BILJIMBY
PiBHSI TIOMWJIOK aHOTalliil Ha poOOTY HEffpoOMEpeXKeBUX METO/IIB CerMeHTallil Ta
KJ1acuikarii,

OTrpuMaHO HACTYIHI IyHKTH HAYKOBOI HOBU3HMU:

— énepuie 3alpONOHOBAHO MapaMeTpUuHy (bopMaJIisalliio Mojesi Habopy
JIAHUX 13 9aCTKOBO-ITOMUJIKOBUMM QHOTAIISIMH, SIKI XapaKTepHI JIJis pe-
aJIbHUX 3aJ1a49 aBTOMATU30BAHOIO CKPUHIHTY, 110 JI03BOJIMJIO PO3POOUTH
MeTO/I reHepallli HaBYAJLHUX, TECTOBUX Ta BaJiJallliiHuX HAOOPIB Jia-
HUX;

— ydockonareno MeTOoJl reHepariil HabOpiB JAaHUX Ha OCHOBI IapaMeTpH-
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YHOI MOJIeJ, 110 33 PaXyHOK T'eHepallll aHOTalllii: 1aCTKOBO-TIOMUJIKOBUX
JIUIsl TPEHYBAJILHOI BUOIPKHU Ta JIOCTOBIPHUX - JIJIsl TECTOBOI, 110 JIAJI0 MO-
PKJIMBICTD HIJABUIIATH €PEKTUBHICTD TECTYBaHHS HEHPOMEPEXKEBUX Me-
TOJIB cerMeHTallil Ta Kjaacudikalil B 3ajladax aBTOMaTU30BaHOI'O CKPU-

HIHTY;
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PO3/ILT 3
HEMPOMEPEXKEBA MOJIEJIb AHAJII3Y IIJTAHAPHUX
30BPAKEHBb TA METOIN IT HABUAHHA

3aIporoHOBaHO MOJIe/Ib HEHPOHHOI MepexKi Ta MeToJ bararo3a adHoro Ha-
BUAHHS JIJIsSI OJHOYACHOTO MIJIBUINEHHS JOCTOBIPHOCTI KIacu(iKaIil Ta cerMmen-
Talil 0e3 3HUKEHHS OlEPATUBHOCTI, a TaKOXK MeTOJ, 11 HaBYaHHs, 1110 3aCHOBA-
HUIT Ha, MeTojlax Oararo3a/adHoro HaBdaHHs.

Ha Bigminy Bij 07HO3a/1a9HOTO MAITMHHOIO HaBYaHH:, OararosajiadHe J10-
3BOJIsIE BUKOPHUCTATU CILIBHOCTI Ta BIAMIHHOCTI MiXK PI3HUMHU 3aJadaMu s
HiIBUIIEHHS y3araJbHIOBAJIbHOI 3JIATHOCTI Ha KOXKHIHM 3 OKpeMuXx 3ajga4. Buko-
pucranust KoMOiHail JIeKIJIbKOX 3aJia4 MallUHHOIO HaBYaHHS MOXKE CIHPUSATH
BUBYEHHIO KpalliuxX HaOOPiB O3HAK, Ta MiJBUIIUTHA TOYHICTH POOOTH HEHPOHHUX
Mepex. TakoxK, cyMicHe BUKOPUCTAHHS TTPOIHO3IB JIEKIJIBKOX 3ajad Jijist yTO-
YHEHHsI KOYXKHOI'O 3 OKPEMHUX IIPOT'HO3IB, TaK 1 IMOOY/0BU HOBUX.

OCHOBHUM NpPUIIYIIEHHSM, Ha sKE CIUPAETHCS PO3POOJIEHUN METOJ € MO-
JKJIMBICTD CTBOPEHHS JIOCTOBIPHOI PO3MITKM TPEHYBaJIbLHOI'O HAOOPY JIAHKUX JLJIst
zajadl Kiaacudikallll Ha OCHOBI PO3MITKM CEeMAaHTHUHOI CerMeHTallll IS TOIo
’K HaboOpy BXiJIHMX 300paskeHb. B jlaHOMYy KOHTEKCTI, 3ajia4a CeMaHTUIHOI Ce-

I'MEHTAaIll Ha3WBAaETHCS OCHOBHOIO 3a/a4el0, a Kyacuikailiil - J10JaTKOBOIO.

3.1. CTpyKTypHa MOoeJib 6araTo3a/JJavHol IMTYYHOl HEIPOHHOL

Mepexi

st Toro, mob OCHOBHA 1 JI0JATKOBA 3aJiadl OHOBJIIOBAJIA TTAPAMETPHU Heli-
POHHOI MepexKi, 10 BIJIIIOBIIAIOTH 3a BHU/JIJIEHHS O3HAK, BUKOPUCTAHO CXEMY

6araTo3aJladHoro HaBYaHHS 3 KOPCTKUM PO3IIOJIIOM IIapaMeTpiB.
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3.1.1. 3aragbHa CTPYKTypa Mo/ieJIi HeiipoHHOI MepexKi. Heiiponna
MepeXKa, BUKOHaHa 3 BUKOPUCTAHHAM apXiTeKTypH €eHKOJep-J1eKoIep, 3aCHOBaHA,
Ha apxirekrypi neiiponnux mepex LinkNet [57]. Ha siaminy Bij opurinasibol
crpykrypu LinkNet, 3anporonoBana Mojiesib HEPOHHOI MEPeXKi CKJIAJIa€ThCs 3
OJIHOI'O €HKOJ/epa Ta JIBOX JIEKOJEPIB: JIjisd 3aJad cerMeHTalil Ta, Kjaacudikariil
BLJIITIOB1JTHO.

B posi enkomepa MOXKyTb OYyTH BUKOPHUCTaHI HasBHI OaraTocTa/iiiiHi apxi-
rekTypH, Taki 9K VGGNet, ResNet, EfficientNet, posrisanyTi B posmim 1.2.2.
Kapru o3Hak micjsi KOXKHOI'O eTally IPOCTOPOBOIO 3MEHIIEHHSI BUKOPHUCTOBY-
I0ThCsl sIK BXOJM JIJIs JIEKOJEepa cerMeHTallll, Jijist jekojepa KJjacudikalil Bu-
KOPHUCTOBYETBHCS KapTa O3HAK 3 HAMIIMOIIOro miapy eHKojepa. ¥3arajbHeHy

CTPYKTYPY MOJeNI 300pakeHo Ha PUCYHKY 3.1

/ BxiaHe 306paxeHHs / / Macka cermeHTauii / PesynkTat knacvdikadii |
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Pucynok 3.1. 3arajbHa apXiTeKTypa HEPOHHOI MepexKi 3 JIeKOJIepOM Ta KJia-

cudIKaTOPOM

TakuM 4MHOM, BUKOHYETHCS YKOPCTKUI PO3IIOJILI HapaMeTpiB, OCKLJIbLKHU 11a-
pamMerpu eHKOoJiepa BiJIITOBIIal0Th OJIHOUYACHO 3a 00181 3a1a49i. Taka cTpyKTypa

JI03BOJIsIE BAKOPUCTATH METOM TpaHCchEPHOro HaBYaHHs (1HyKTHBHOIO Tiepe-
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HOCY) Il TIJIBUINEHHST PO3JLTBHOCTI BHYTPIIIHIX MPEJCTABJICHD 1 MPUIIBHUJI-
IIIeHHSI [POIeCy HaBYaHHS: HAOIp ImapaMeTpiB eHKo/epa, B, 1HIIaIi3yeThes 3
BUKOPHUCTAHHSIM I1apaMeTPiB, OTPUMAHUX I1C/Isl HABYaHHS €HKOjepa Ha Habopi
nannx Imagenet [43]. Hexoyepu iniiianisyerbest 3 BAKOPUCTAHHIM METOJLy Xe:
0 € U(—b,b), ne b - koHcranTa 3aexxHa Bij Tuity mapy [98|

OKpiM 3arajbHOI apXiTeKTYpU MOJIEJ, KpUTUIHUMHE JIJIsi KOPEKTHOI pOOOTH
3aIIPOTIOHOBAHUX METOJIIB € CTPYKTYPHU JEKOIEPiB /I KOYKHOI 3 3a]1a1, 30KpeMa,

HOpMAaJII3aIllsd 1X BHYTPIIIHIX TpeIcTaBIeHbD.

3.1.2. CrpykTypa HaeKojiepa CeMaHTUYHOl cermeHTallii. Jlekomep
CKJIQJIAE€ThCS 3 JEKLIBKOX CTa/Ilil, KOXKHA 3 IKHX Ma€ PO3MIPU KapT O3HAK BiJI-
MIOBITHO /IO KapT O3HAK €HKOJEepa.

CTpyKTypa JeKojepa cerMmeHTaliii moBTopioe jaekojep apxitekTypu LinkNet.
Ha BijMiny Biji opuriHaJibHOI CTPYKTYPH, B 3allpOIIOHOBAHOMY JI€KOJIepl 3a-
CTOCOBYETHCS MaKeTHa HOPMaJiizallisd MicJsl onepaliii KOHKaTeHallll 3 mapamMmn
EHKOJIEpa Ta IIepej 3rOpTKOBUMHU Iapamu. Llsg HopMmasizalliss HeoOXijHa JiJist
3a0e31eYeHHsT He3a/Ie2KHOCT] 3HAaUeHb IHTeHCUBHOCTI KapT O3HAK Ha PI3HUX I1a-
pax JieKoJiepa cerMeHTallll Ta eHKojiepa, STK1 TAKOXK CIJILHO BUKOPUCTOBYIOTHCS
JIEKOJIEPOM KJiacudikaliii.

TakoxK, 3aMiCTh 3BOPOTHUX 3rOPTOK, B JIEKOJIEPI BUKOPUCTOBYEThCs O1/TiHIHi-
Ha IHTEPIIOJIATIS /I TiIBUITEHH IPOCTOPOBOIO PO3IINPEHHS KapT O3HaK, 10
JI03BOJISIE YHUKHYTH "TIIaX0BOr0 MarepHy''B MporuosoBannx Mackax [99].

OCKIZIBKH B 3aJ1a9l CEIMEHTAINI] 3 YaCTKOBO-TIOMUJIKOBOIO PO3MITKOIO OJHO-
My HIKCEeJII0 MOXKe OyTu HpU3HAUYEHO JIeKLJIbKa KJACIB OJIHOYACHO, HEOOXiJ[HO
11e BpaxOByBaTH 1Mpu BUKOpucTanHi pyHkIiit rpar. s dpopmyBanus iHab-
HOT KapTW cerMeHTallll BUKOPUCTOBYEThCS ClelliajibHa Bepcisi OJIOKY JjieKojiepa,
o Mae curmonoiony ¢yskiio aktupaiii. Lle mo3BoJisie HEHpOHHINE Mepexi
IPOTHO3YBATH OJIHOYACHO JIEKiJIbKa KJIACIB JJIsi OJHOTO IMKCeJIsd, 3aMIiCTh CIIPod

BUJIIJIEHHST OJJHOTO KOHKPETHOI'O KJACy HPU BUKOPUCTAHHI HOPMOBAHOI €KCIIO-
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nenmiiuol Gynki (Softmax).

CTpyKTypy OKpeMHX CTaJiiii MOKa3aHO Ha PUCYHKY 3.2.

( Kapra o3Hak wapy )
i pekoaepa
A

Conv2D
BatchNorm2D

RelLU
A

Conv2D

BatchNorm2D KapTa cermeHTauji
RelLU L J

A T

KoHkaTeHaLjis Sigmoid

A A T

KapTa o3Hak Wwapy Conv2D
| eHKoAepa T

S

BiniHiiina , .
iHTEpPNONALjs KapTa o3Hak wapy 1
A { fekofepa )

kapTa 03HaK Wwapy i+1)
Jekonepa

\ J/

Pucynok 3.2. Crpykrypa crajiit jekojepy cermeHTarii

B pouti BXigHOT KapTu 03HAK JJIsi HARIIEPIIOro Mapy JAeKoiepa BUKOPUCTO-

BYETHCSI OCTAHHI IIap eHKoJiepa Uy,.

3.1.3. Crpykrypa aekojepa kjaacudikamii. OCKIbKU, B JJAHOMY BH-
naJKy, Ha 300parkeHHI MOxKe OyTu JieKijibKa 00’€KTiB, a HaBYaHHs B 3ajadl
kJjacudikalil Bij0yBaeThcsi HAOOPOM 3pa3KiB, jeKojep Kjacudikalil Mae Bpa-
XOBYBATHU {AK IVI00AJIbHUI IIPOCTOPOBUI KOHTEKCT, TaK 1 JIOKAJIbHI O3HAKH, [IPH-
TaMaHHi 00’eKkTaM. s nboro, mepimm mapoM KjaacudikaTopa € KOHKaTeHallist
pe3yJibTaTiB JIBOX olepaliiil 1y100a/bHOl HiJIBUOIPKK: 3 Ollepali€io ycepeHEeHH s
(GlobalAvgPooling), ta Bubopy makcumymy (GlobalMaxPooling) jist KoxxkHOro
3 KaHaJllB KapTu O3HAaK eHKOJepa.

st 3abe3neuen s He3aJIe2KHOCTI IHTEHCUBHOCTI OCTAHHBLOT'O IIIapy €HKOJIe-

pa Ipu HaBYaHHI JIBOX JEKOJEPIB OJITHOYACHO, TEPIINM IIapOM € Iap MaKeTHOI
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HOpMaJII3aIll.

Jns migBUIeHHsT pO3IIILHOCTI 03HAK OCTAHHBLOTO IMapy eHKoJepa, KIaCH-
dikaTop siBJisie o000 JHIAHY (PYHKIIIIO, 1110 CIIOHYKAE €HKOJIEP J10 (POpMYyBaHHs
JAHIFHO-PO3JIIbHUX TIPEJICTaBIeHb Uy, [49], siKi TaKOoXK BUKOPUCTOBYIOTHCSI Jie-
KOZEPOM CerMeHTallll. 3acTOCyBaHHsT TaKol CTPYKTYPH JieKojiepa Kiacudikarii
JIO3BOJISIE 3HU3UTHU HEOOXI1JIHY KIJIbKICTh HEJIHIHUX IepeTBOPEHb, MOTPIOHMX
JIEKOJIepy CerMeHTallli.

CTpyKTypa J1ekojiepa KaacudiKalil € BaXKINBOIO CKJIAI0BOIO YCINIITHOIO Ha-
BUaHHs 1IPU BUKOpUCTaHHI 0OMexkeHOT (pyHKIIIT BTpaT B 3aja4l KJjacudikariii.
OcHoBHEME 3aja9aMi JeKoAepy KJacudikallil € TPOBaJXKEHHST I'PAJIEHTIB 10
EHKOJIEpa Y BUIIAJIKY (PLIbTPAIil HelIPpaBUJILHOI PO3MITKH B 3aJ1a9i ceIMeHTAIll,
a TaKOXK IOKpAaIeHHs PO3/IJIbHOCTI O3HAK HAUIIUOIIOrO Iapy eHKOJepa.

CrpyKTypa Jekojepa KJacudikalil 300paskeHa Ha PUCYHKY 3.3.

[ Kapta o3Hak ]

v v

GlobalMaxPooling GlobhalAvgPooling
j ﬁ
KoHkaTeHauis
v
BatchNorm1d
v
Linear
v
Sigmoid
v
' Buxig knacudpikauii 1

\ J

Pucynox 3.3. CrpyKkTypa Jekojiepa Kiaacupikaliil
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3amponoHoBaHy CTPYKTYPHY MOJENb TJINOMHHOI HEHPOHHOI MepexKi MOXKHA,

IPEeCTABUTH AHAJITUIHO: HeXall HeAPOHHY MEpexKy eHKOJepa BH3HAUEHO SIK

Fopcoder- Toi st Bxignoro sobpaxenust & € RIEW 1 v, ..v;, .. 0, - HAOID
H W

KapT O3HAK, Tak 10 v; € RE™7T*7 | e ¢; - KIIbKICTh KaHAJIB JIJIsT KOXKHOI 3

KapT O3HaK, & N - KUIbKICTh crajiiil eHKojepa (3aJesKuTh Biji apXiTeKTypH):

U1,02...Up = Fencoder(xa eenc) (31)

J1e Ocpe - HADIP HapaMeTpiB €HKOAEPA.
Toui, HeiiponHi Mepexi Jiekojiepa cerMeHTallil Ta Kjaacudikallil MOXKHa BU-
3HAUUTH K Fieq Ta Frye Bignosinno. /s nabopy kapr o3Hak, 10 reHepye eH-

KOJIEp, MaeMO:

Mseg = Seg((vla U2~--Un)a eseg) (32)
C1cls - Fcls((vn)a ecls) (33)

1€ Ogeq Ta 0.5 - HAOOPH NMapaMeTpiB JieKo/iepiB cerMenTarii Ta Kiaacudikariii
B1JIIIOBIJIHO.

Taxkum 4MHOM, YJIOCKOHAJIEHO MOJE/b I'NIMOMHHOI HEHPOHHOI MepeXKi 3 BU-
KOPUCTAHHSIM apXITEeKTYPU €HKOJEeP-IeKOJIep MIJISXOM BBEIEHHs JI0JATKOBOIO
JIeKoJiepa 3 IIapoM HOpMaJiizaliil, ToOTO YJIO0CKOHAJEHa MOJIEIb CKJIaIa€ThCs 3
eHKOJIepa Ta JIBOX JIEKOJepiB (Jiuist 3ajad cerMenTarnii ta Kiacudikarii Bifmo-
BijHO). Take nojatust poOUTh MOXKJIMBUM peasiizaliio MeTo/iB baraTo3aaaHoro

HaBYaHHS, BUPIIIEHHS 3aJila4d cerMeHTallil Ta Kjaacudikaliil 0JiHOUaCHO.

3.2. Meroau HaBYaHHS Ta nepeadadeHHd IJid 0araTo3a adHnX
TINOMHHUX HEeAPOHHUX MepeXK B YMOBaX YacCTKOBO

IMMOMUJIKOBOI PO3MITKI CerMeHTaITil

Ha ocnoBi 3anpornonoBanoi Mojiesti HeifiporHOT Mepexki (3.1) pospobisiero me-

TOJ OaraTo3a auHoOro HaBYaHHS, 1110 B YMOBaX YaCTKOBO-TIOMUJIKOBOI PO3MITKHI



100

JTIO3BOJIsIE 3MEHITMTU BILJIMB HENPABUJIBHO AHOTOBAHWX IMPUKJIAJIB Ha IMPOIEC
HABYAHHS 33 PaXyHOK X edeKTuBHOI (blabTparii 6e3mocepeiHbo il Jac Ha-
BuaHHsd. Tak, 4acTro Ha OJJHOMY 300paKeHHl MOXKYTb OyTH PO3TalloBaHi K
KOPEKTHO-PO3MiveHl, TaK 1 HEKOPEeKTHO-po3MmiveHi 06’ektu. Jljist mijBuIeHHs
JIOCTOBIDHOCTI HEHPOHHUX MEPEXK B TaKUX YMOBaX, 3allPOIIOHOBAHO BUKOPUCTA~
TH MeTOJ] Dararo3aJ[auHoro HaBYaHH:A 3 BUKOPUCTAHHAM TOXITHOI OLIBIN 3a-
raJbHOI 3a/1a4l.

3anpornoHoBaHnii METO CKIAJAETHLCA 3 JIBOX €TAIIIB:

Eran 1. I'enepariig moxiJHOI 3aad4i J0 3aJad4i cermeHTarii. Jlis
Toro, 10b6 3abe3reunT yciiliHe HaBYaHHs HEHPOHHUX MEPEXK Ha PaHHIX eTa-
nax, Ta BpaxyBaTH 3aHaJITO CKJIa IHI TPUKJIa 1, HeoOX1/IHO BBeCTH 1H(OPMAIIIIO
1po 1i 06’ekTu B 00XiJ1 BiA(LIHLTPOBAHOT PO3MITKHY.

Ha ocHoBi po3miTKu 115 3a/1a4l ceMaHTUIHOI cerMeHTallil Moxke OyTHu 1mooy-
JIOBAHO PO3MITKY JIJIs1 1HIITUX OLJIbII 3arajbHUX 3a/1a4, TAKAX K 3a/1a49a, JeTeKIli
(HanpukJia, oOMeXKyBaJbHI IPIMOKYTHUKM HABKOJIO 00’eKTiB), perpecii (Ha-
PUKJIaJ], KOOPJIMHATH HEeHTPIB 00’eKTiB), abo Kiaacudikamil (kiacu 06’eKTiB).
Taxi 3aja4i € OLIBIN 3aMaJbHUMHU, OCKLIBKHA MalOTh MEHINE He3aJIeYKHUX 3MiH-
HUX B BUXOJax HeilpoHHOI Mepexi. Hanpukia i, 3amicThb Kiaacudikaliil KoXKHOTO
3 MIKCEJIB 300pakeHHsI B 3a/1a9l CeMAHTUIHOI cerMeHTallll, B 3a/Jadl JeTeKIll
HOTPIOHO JiMIlIe TPOIHO3YBaHHS KJIACIB Ta KOOPJMHAT OOMEXKYBaJIbHUX 11PSIMO-
KYTHHKIB.

Takoxk, 3 TouKM 30py DaraTo3a[adHOrO MAIMHHOTO HABYAHHS, I 3a/adi
€ CeMaHTUYHO-OJIM3LKUMM: TaKl 3a/aqi, [0 MalTh OJHAKOBI BXIJIHI JaHl, Ta
noB’s3ani BuxigHi nani [63].

Ha sijminy Bijt [100], 1110 cunpaerbest Ha BuBYeHHsi OLIbII J€TAJIbHUX CEMAHTUIHO-
OJIM3LKUX 3ajlad, B PO3POOJIEHOMY METOJII BUKOPUCTAHHS OLJIbIII TOYHUX Jia-
HUX, JIJIs1 3araJIbHINNAX 33J1a9 JI03BOJISIE€ TTOKPAIUTHA PO3TIIBHICTH BHYTPINMTHIX

npejcTaBjieHb HEHPOHHOI MepexKi, 1110, B CBOIO Yepry, MOKpalllye pe3yibTaTu Ha
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BUXiHINA 3aja41i. TakoXK, OCKIILKE 3a/1a9l € CeMaHTUIHO OJU3LKUMU, He BiJI-
OyBa€eThCsI KOH(MJIIKTY IPaJI€HTIB, 1110 € TUIIOBUM IIPU HAaBYAaHHI CeMaHTHIHO-
pisHOpiHUX 3aja4 [72].

OcCKLJIBKY 381898, CEMaHTUIHOT CerMEHTAIlll MOXKe Oy TH PO3IJISAHYTA, K 3a,/1a-
4a TKCeJbHOT KJacuikallil, MOXKHa pO3IJIsjiaT 3a/1ady Kjiaacudikallil BChOTO
300paskeHHs K OLIBIN 3arajbHy 70 Hel. B TakoMy KOHTEKCTi, Kiaacudikaris 0y-
Jie OKPEMUM BHUITQJIKOM HaBYaHHs 3a HAOOpoM 3pa3kiB [101]: 3amicTsh po3miTku
KO>KHOT'O 3 00’€KTiB JIJIsT BCIX KJIaciB Ha 300parkeHHl, 300pakeHHS SIBJISIE CODOIO
MIIIIOK 3 OJIHUM, UM JIeKIJIbKOMa 00’€KTaMu Ta BIJIIOBIJIHUM MapKyBaHHSM, U
€ 00’eKTH 3aJlaHUX KJIaciB Ha, HHOMY.

[lonepenniit anajiz mokasas, IO HETOYHA PO3MITKA B 3ajadax CerMeHTallil
MOJISITAE B HASBHOCTI 3aiiBuX, ab0 y BIJICYTHOCTI JIEAKMX PO3MIUEHHX ITIKCEJIiB,
abo 00’ekTiB. HasgBHICTH TaKol HETOUHOI PO3MITKH JO3BOJISIE CTBOPUTHU Ha 11

OCHOBI TOYHY PO3MITKY JIJIsi KJacuikaliil.

R3><H><W c RCxHxW

Hexait st 3006paskennst x € iCHy€e MacKa cerMeHTallil ¥
ne C - KiIbKicTb KjaciB, a H ta W Bmcora Ta mupuHa 300pakeHHsT BiAIOBII-
HO. fIKITIO B Macii cermMeHTallil € xoda O OJUH po3MiueHmit 00’€KT KJacy c,
BCTAHOBJIIOETHCST MiTKa Bimosigaoro kiacy . € (0, 1)0 B PO3MITII 3aJa49l KJla-

cudikarii:

H W
Ye =1 < Z Z Ys,; (3.4)
i

Jie t - mopir MiHIMaJIbHOI'O PO3MIpy 00’€KTa B IIKCEJIsIX

3renepoBaHa TaKUM YUHOM 3aJa4a KJjacudikallil Ma€ MEHIY KIJIbKICTh II0-
MUJIKOBUX aHOTAITIM,

B rakomy BulaJiKy, oOMexKeHHsi (DYHKIIIT BTpaT BUKOPUCTOBYETHCS JIUIIE
JIIsT OpUTIHAJIBHOT 33241, a OLIBIN 3arajbHa J0JaTKOBa, 3a/1a9a BUKOPHUCTOBYE
opuriHaJibHy (PYHKIiI0 BrpaT 0e3 oOMexKkeHHs. TaKuM IMHOM, 3aBK /11 ICHYIOTh

I'PaJIIEHTHU BiJ| OLJIBIN 3arajbHOI PO3MITKH, 1110 CIOHYKAIOTh HaBUYaHHs Ha IPU-
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KJIaJax, JJis SKUX HeMae I'PaJIieHTIB uyepe3 oOMerXkeHHs (pyHKIIIT BTpaT.

Eran 2. BBenenns oomexkeHb 10 (pyHKIIl BTpar. Maouu BeJuKy
KIJIbKICTH ITapaMeTpiB, CydacHl HepOHHI MepeXKi 3/1aTHi JI0 3allaM TOBYBaHHsI
TPEHYBaJBLHOTO HAOOPY JTAaHUX 3aMICTh BUBUCHHS KOPUCHUX O3HAK JIJIS y3araJb-
HeHHs Ha iHI1l Habopw januX (repeHaBuantst). B ymMoBax HasBHOCTI OMUJIKO-
BOI PO3MITKM B TPEHYBaJIbHOMY HaOOpI JlaHUX, HEHPOHHI MepeXki CXUJIbHI JI0
BUBYEHHS 1 TOMUJIOK PO3MITKM Ha MPOTsA31 HaBYaHHSI.

Tpajuimiiini MeToju 3amodiraHHs IepeHaBYaHHIO, TaKi d9K ayrMEeHTaIlis Ja-
uux [102], perymsipusaris Bar mepexi [103|, Ta 3aBuacHa 3ynuHKa HABYAHHS
[104] xo1a i noKa3yrOTh OKPAIIEH] PE3YJIbTATH, A€ MOXKYTh BUSIBUTUCS HEJI0-
CTATHIMM B yMOBaxX BEJIMKOI HMOBIDHOCTI NMOMUJIOK B HaBYaJIbHUX JlaHUX. Ta-
KOK, BOHW MOYYTh TOTIPITUTH SIKICTh HaBYAHHS Uepe3 3MEHTTeHHsT €MHOCTI
HeHpOHHOI MepexKi, abo, IpU HAJIMIPHOMY BUKOPHCTAHHI, MOXKYThb CIIOHYKATH
HEPOHHY MepeXy akIeHTyBaTu yBary Ha Tekcrypax [105], mo gacro € mej-
OIIyCTUMHKM B 3ajladax CEMaHTUYHOI cerMeHTallll.

st Toro, 1mo6 epeKTUBHO 3MEHITUTH BILIUB MOMUJIKOBOT PO3MITKU, HEOO-
X1JIHO BUJIyYUTH 11 3 NIPOIECY HaBYaHHs HEHPOHHOI Mepexki. AKIN0 HEMOYXKJINBO
BUJIYUEHHS HETPABUJIHLHO PO3MIUEHUX MPHUKJIA/IIB 3 HAOOPY JaHUX 7O MOYATKY
HaBYaHHs, 1€ MOXKHA 3POOUTHU ITepaTHBHO B MPOIECI HABYAHHS, JIJIsT YOTO TO-
TPIOHO BU3HAYUTU KPUTEPIl BUJIYyUEHHS.

Taki ¢pyHKIIIT BTpaT, sik 1iepexpecHa eHTporrist, abo pokasbHa PYHKILis BTpaT
MPU3HAYAIOTH €KCIOHEHIINHO BUCOKE 3HAUEHHS JIJIST HEeMPaBUJILHUX MPOTHO3IB
HEHPOHHUX MepeK, 10 Ma€ MIKIJINBII e(peKT Mpu HasgBHOCTI MOMHUJIKOBOI PO3-
MITKH B TPEHYBaJbHOMY HAaOOPI JJAHUX - MPABUJIbHI ITPOIHO3U Ha HEIPaBUJIHLHO-
PO3MIYEHUX JIAHUX CTBOPIOIOTH KOH(JIKTHI I'DAJIEHTU Ta 3HUNKYIOTH BIIEBHE-
HICTH MPOTHO3IB HEMPOHHOT MEPEexKI.

st BUKJIFOUEHHST HENPaBUJILHOT PO3MITKU B IMPOIECI HABYAHHS 3allpOIo-

HOBAHO BBEJICHHS OOMEXKEHHs JPYroro poiy (3Bepxy) s (byHKIHI BTpat, 3
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BIJITIOBIJIHUM BH3HAUYEHHSIM I'PAJIEHTIB JIJIsI OTPUMAHOI HOBOI (DYHKIIII:

L] =min(L,0) (3.5)

Jie 6 - opir oomexkenHsi (PyHKIIT BTpAT.

['padiku obMekeHux 3Bepxy (QyHKIIIH BTparT 300parKeHo Ha PUCYHKY 3.4.

Pucynok 3.4. IIpukiaju obmexxkenux 3sepxy (yHKIIIH Brpar

OckinbKu, A PYHKINT 0OMeXKeHHsI 3BepxXy IPaJi€HT BU3HAYEHO JIUIIE Ha
npomixkky (—inf, 0], Tomy st mpomizkky (6,inf), B konTekcri manol 3a1adi,
I'PaJIEHT 3alPOIOHOBAHO BU3HAYUTHU PIBHUM HYJIIO:

‘ 1 L e (—inf, 0
Vmin(L,0) = (3.6)
0 L € (0,inf)

Bci zarajibHOBXKMBaHI METO/IM ONTUMI3alil mapaMerpiB HEHPOHHUX MepexK

3aCHOBaH1 Ha MeTOJIl OHOBJIEHHS IapaMeTpiB MepIIoro MopsJjKy, 110, B 3arajib-

HOMY BHUIAJIKY, € MOJM(DIKAINIEID CTOXaCTHIHOIO IPAJIIEHTHOIO CIIYCKY:

0+ 60— anL (3.7)
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Jie 0 - mapameTpu HEIPOHHOI MepexKi, 7) - TeMII HaBYaHH:A, a Vg - I'PaJII€HT PyH-
KIIil BTpaT BIJHOCHO TapaMeTPiB, TAKUM UYMHOM, IIPUKJIAINA 3 3aHAITO BEJIUKOIO
110XUBKOI0 (1IEPEBAKHO 3 IIOMUJIKOBOKO PO3MITKOI0) eheKTUBHO BUKJIIOYAIOTHCsI
3 HaBYaHHS, OCKLJIbKA MalOTh HYJIBLOBUI I'PaJIEHT BIJIHOCHO TTapaMeTPIB.
Henostikom 115010 MeToy (hijabrpaliil MOMUIKOBOT PO3MITKN € MOXKJIMBICTD
BUKJIIOUEHHS IIPUKJIAIIB, 110 3aHAITO CKJIa HI JIJId BUBUEHHS HEHPOHHOIO Mepe-
’Kelo Ha paHHIX eTallaX HaB4YaHHdA. [le MoKe CIIOBIILHUTH IIPOTieC HaBYaHHsI, DO
B3araJi 3ynuHuTH ioro. [1ob 3amobirTu cnoBiIbHEHHIO IIPOIIECY, 3aIIPOTIOHOBA-
HO BUKOPHUCTaHHs 0ararTo3a/lauHoro HaBYaHHS 3 BUKOPUCTAHHSAM JI0/IATKOBOI

OL7IBIN 3arajbHOl 3a/a9l.

Arperamig ¢yHKIiii BTpar mijg dac HaBYaHHsA. OCKIJIbKE MOJIENb
OaraTo3a/laqHOl HEHPOHHOI MEpexKi Ma€ JiBa BUXOJM JIJIsi KOXKHOI 3 3ajia4, JiJis
OJIHOYACHOI'0 OHOBJIEHHsI BCIX IapaMeTpiB HeoOXijiHe OJIHOYAaCHE BUKOPUCTAH-
Hs JiBoX PyHKINNH BTpar. s KOXKHOI 3 3ajlad OKPEMO OOYHMCIIOETHCA (DYH-
KIlisi BTpatT. Jljis HaBUaHHS JeKojepa CerMeHTallll BAKOPUCTOBYEThHCS OOMEXKEeHa,
3BEpXY, B TOI Yac sIK Ui JieKojepa KJacudikarlil - 3suuaiina. Kox#a 3 GyH-
KIIfl BTpPaT HOPMAJI3YEThCs BIJHOCHO KLJILKOCT1 HPHUKJIAJIB B OJHOMY IaKeTl
HaBYAHHS JIJIsi 3HUXKEHHS BILIMBY I[bOI'O IillepiapaMeTpy.

BarajbHe 3HaderHst (pyHKIT BTpaT BUZHATAETHCS SIK apr(PMETHUIHE CePeTHE

MIK 1HJIMBLIyaJJbHUMHU 3HAYEHHSIMU:

Lseg—‘ + Lcls
2

BignosijHo, 3arajbHuii rpajieHT (QyHKIIl BTpaT Oyje CyMOI I'paJi€HTIB

Liotar = (38)

CKJIaJJOBUX YaCTHUH:

vLseg—‘ + VLcls
2

Ilig gac napyanns HepOHHOI MepeKi BUKOPUCTOBYETHCS CTAHJIAPTHUI aJI-

vLtotal - (39)

TOPUTM 3BOPOTHOTO MOIMIUPEHHST TOMUJIKY 3 onrtumizaropom Adam [106], o
BIJIPI3HSIETHCS B/l METOJIY CTOXACTUYIHOTO I'PaJIIEHTHOTO CITYCKY HASBHICTIO aJla-

IITUBHOI HOpMaJii3allll MOMEHTIB I'Pa/II€HTIB.
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[Topir obmerkeHHs1 (DYHKINI BTpaT JJisd 3ajadl cerMeHTallil € IapaMeTpoM
aJICOPUTMY HABYAHHSA Ta Ma€ OOMPATHUCSA €MIIPUUIHO B 3aJIEXKHOCTI BiJI PiBHS
noMuJI0K B posmirii. Takum dumHOM, 3abe3medyeTbest "poxin" rpajiieHTiB Jijist
OHOBJICHHSI TTapaMeTPiB Bij| xo4a O ojHieT (pyHKIT BTpaT JiJist KOXKHOIO BX1JHOT'O

NIPUKJIAJLY.

3.2.1. BararozajavHe MPOrHO3yBaHHA Pe3yJIbTaTiB cerMeHTaIlii. Ockijb-
KN 3aIPOMOHOBAaHA MOJIETh HEHPOHHOI MepeXKi MOXKe OJHOYACHO BUKOHYBATH
sIK 3a/lady cerMeHTallil, Tak 1 3aja4y KJjacudikaliil, crae MOXKJMBOIO peaJiiza-
1ist pLIBTPYBaHHS XUOHO-TTO3UTUBHUX O3HAK 0E3 3HMXKEHHS ONEPaTUBHOCTI HA
eTall IPOrHO3yBaHHs Pe3yJIbTaTiB.
st pinbrpaliil XuOHO-TIO3UTUBHUX PE3YJIbTaTiB 3alPOIOHOBAHO METO,I KOM-
Oirarii 3aa4 Kiaacudikallil Ta cerMeHTallll, 1Mo JI03BOJIsSIE BUKOPUCTOBYBATH 3a-
Jlady KJiacudikaliil, 1o 1norepejiHbo OyJia HaBYeHa Ha MEHII 3allyMJIeHI po3-
MITI SIK PIABTP JJIsT 33249l CEeMAHTUYHOI CerMeHTAIlil.

Meto/1 cKJIaIa€THCs 3 JIBOX €TalllB:

Eran 1. HopmaJizamisa. B rakomy Bumnaaky MOXKJ/INBI JBa BapiaHTH KOM-
OiHAI] ABOX 3a/a4: IOCJIIOBHUM 1 apaJjebHuii.

Hexait C,s € R ta Moy € REXHXW_ pesynprarn pexosepis Kiacudi-
Kallll Ta cerMeHTallll BIIIOBIIHO, 3HAUEHHS SKUX 3HAXOJATHCS HA MPOMIKKY
(—o0, +00) (soritu).

st orpumanHst pe3ynbrartis Ha mpoMmixkky [0, 1] BUKOpUCTOBYETHCST JTOTI-

CTUYHA CUI'MOITHA (PYHKINS aKTHBAIIIL:

B 1
14 e®

[TocsiioBHuMit BapiaHT MOJISATAE y BiJIKMIAHHI PE3YJIbTATIB CErMEHTAIIIT, SAKIIO

o(x) (3.10)

pesysibraT Kjacuikalil MeHIuit, 3a JessKuit mopir tq:
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o Mse AKIIO 0 Ccls > 7fcls
Mrefined = ( 9) ( ) (311)

OCXHXW AKIILO O(Ccls) < tes

Taxwuit BapiaHT Ma€ JIEeKiJbKa CYTTEBUX HEJOJIKIB:

— Heo0xijHicTh BUOOPY J101aTKOBOIO HapaMerpa fq, BHOCUTD JIOJATKOBY
MOXKJIMBICTH TOMMJIKHK; HEIPaBUJILHUN TJ0IP IbOIO IHapaMeTpa MOXKe
MPU3BECTH 70 3HATHOTO 301IbITEHHsT XMOHO-HEraTUBHUX PE3YJIHTATIB.

— MOoKJIMBICTH PO3IOBCIOJPKEHHSI IIOMUJIKM KJiacudiKaropa BHHUKAE de-
pe3 3HaYHO MEeHITY KIJbKICThH MapaMeTpiB MOPIBHAHO 3 JEKOJEPOM Ce-
rMeHTallll.

— SHIKEHHSI OIepaTUBHOCTI Yepe3 MOC/II0OBHE BUKOHAHHSI JIBOX HEHpPO-
HAWX MEpex.

[Tapanenbauii BapianT moJArae y 3BakKyBaHHI KapTH CeTMEHTallll 3a JI0no-

MOTOI0 HOPMOBAHUX JIOTITIB KJacudikaropa. Ilepimum KpokoMm € Tpancdopma-

1isi JioriTiB cermMenTalil Ta Kjacudikaliil B HeKaJiOpoBaHi OLIHKK Ha HTPOMIXKKY

[0, 1]:

~

Myey = 0(Myey) (3.12)

A

Ccls = O’(Cds) (3.13)

i oninku MaroTh Ti cami pO3MIpHOCTI, IO # OPUIIHAJILHI MackKa Ta KJja-
CHU, JIIS 3PYYIHOCT] permpe3eHTalll ornepariii JogaHo JOAaTKOBI PO3MIPHOCTI J0

BeKTOPY KaaciB: Me, € REHXW pa Oy € REXIXL

Eran 2. PenopmaJizaiiig. 3Ba)KyBaHHsi KapTh cermMeHTariil BijgOyBae-

ThCS 32 JI0TOMOTOI0 J00yTKY Anamapa mixk MaTpuiamu M, Ta Cys

A

Mrefmed = Mseg O Uels (314)

[I'padiuny perpeseHTaliifo CrpyKTypu 300parKeHo Ha PUCYHKY 3.5.
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Pucynoxk 3.5. CrpykTypa 00’enHaHHs IPOTrHO3IB Kjacudikalll Ta cerMenTalii

[TapaJiesibHuii BapiaHT Mag€ 1epeBary Hajl [MOCJIJIOBHUM Y BiJICYTHOCT1 JI0-
JIATKOBOT'O TapaMeTpy HaB4YaHHs. TakoXK, 3BayKeHi KapTu CermMeHTariil Jiomno-
MaraloTh 30epeyKeHH0 OLIBINOT KIILKOCTI iH(opMalil st erany mocT-00poOKu
MaCOK cerMeHTallll.

OpHak, B pa3i BUKOPUCTAHHS JOOYTKY JIBOX CUI'MOITHUX (DYHKIIIN, TOTPIOHO
3BaYKaTH, 110 3MIHIOETHCS IIEHTPaJIbHA TOYKA, 1, BIJIIIOBIJIHO 1OPir Oinapusaliil B
1oJiaJibiiiit 06podbii. HapiTh y BulaJIKy CliBlaiHHs 3HaUYeHb Kjacuikaliil Ta
cerMeHTallil, piHaAJbHUI TPOrHO3 Oy/1e BIAPI3SHATHCS Bl TTOCJIIOBHOIO TT1IXO/LY.

['padik curmoinnoi pyHKII, Ta JOOYTKY JBOX IIEHTHYHUX CUTMOIIHUX (DY H-
KIIiii 300paskeHo Ha pucyHky 3.6. JlocarnenHs TOro caMoro mopory oiHapusariii
0.5 BijIOyBa€eThCs 1PpU 3HAYHO PI3HUX PIBHAX aKTUBAIIl OCTAHHBOI'O IIAPY /10
HOpMaJI3allil.

Y BHUITQJIKy BUKOPHUCTAHHSI TOIO CAMOT'0O TOPOTY OlHAapu3allil JJisd KapT ce-
IMeHTallll, 3MEeHIITUTHCs KIJbKICTh IO3UTUBHUX IMIKCEJIIB B pe3yJibTaTi, TOMY IIpU
IPSIMOMY IIePEXO/Il BiJl OJIHO3aIaUHOTO METO/IY IPOIHO3YBaHHs JI0 Oararos3aia-

YHOI'O, 1IOTPIOHO BUKOPUCTOBYBATU KBaJpaT t.s:

A~

tcls - tgls (315)
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Pucynoxk 3.6. I'padiku curmoinnol (pyHKIIIT Ta KBaAPaTUIHOI CUI'MOIIH

TaxuMm YMHOM, KIJIbKICTh TMO3UTHBHUX IIKCEIB HE 3aMIHUTHCS 38 PaxXyHOK

3MIHM B HOpMaJI3allll CUI'MOIJI.

3.2.2. JlokaJuizaliig BaXXJIMBUX s KJjacudikaliii 03HaK B yMOBaXx
BIJICYTHOCTI PO3MITKHU JIJIsI CErMEHTallil B HaBYaJbHOMY Habopi ma-
HUX. Ha ocHOBI JBOX TpeJCTaBJIeHUX METOJIB, PO3POOJEHO METO]| HaBYaHHs
3 4aCTKOBHUM 3aJ1y Y€HHSIM BUUTEJIsI Ta METO/I II0CT-00POOKHM, 1110 JIO3BOJISIE BUKO-
HyBaTHU JIOKAJI3aI[il0 BaXKJIMBUX JIjIs1 Kjaacudikalil 03HAK Ha BUXIJTHOMY 300pa-
JKeHH], 1[0 € KOPUCHUM TIiJ] 9ac IHTeprpeTalil mporuo3iB Moaeseil. 3a paxyHoK
BUKOPHUCTAHHS METO/IIB 0araTo3aJlaqHoro HaBYaHHs JOCATAETbCS MOMXKJIUBICTH
3aCTOCYBaHHS METOJIy B YMOBaX BIJICYTHOCTI PO3MITKH CEMaHTUYIHOI cerMeHTa-
il B HaB4Ya/JbHOMY HA0OpPI JlaHUX.

Hanuii MeToj1, 3aCTOCOBYETHC JIJIsi HABYaHHS TiET caMol Mojieii, ajie 38 yMO-
BY HasIBHOCTI JIMIIIE PO3MITKY JiJIsi 38 1a41 Kiaacudikarii. Tak camo, sik 1 B po3 il
3.1 BUKOpuCTaHl HACTYIIHI [TO3HAYEHHS:

X - BXIJIHe 300pakKeHHsI eHKojiepa posmipamu 3 X H x W
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Foncoder(T, Ocne) - DyHKIIIST eHKO/IEpa 300paykeHb,

Ocne - HADOIP apaMeTpiB HEHPOHHOI MepexKi eHKoJiepa,

V1, V3, ...V, ..Uy - HADIP KapT O3HAK €HKOJIePa, BIJIIOBLIHO 0 PiBHSIHHA 3.1,

Foeq Ta Fys - neiiponni Mepexki Jiekojiepa cerMmenTaliil Ta, Kjiacudikaliii,

Mieq Ta Cys - pesynbTaTi cermMenTarnii ta Kiaacudikaiil BiAMoBiAHO 10 piB-
HAHDL 3.2 Ta 3.3
Mseg Ta C’Cls - HOPMOBaHI pe3yJibTaTU CcerMeHTallll Ta Kjacudikallii BiJmo-
BIJTHO JO PIBHAHDL 3.12 Ta 3.13

B ocHOBI 3alIpOIIOHOBAHOI'O METOJly JIEXKUTh ITepaTUBHE YTOYHEHHS KapTH
O3HaK CerMeHTallll 3a JIONMOMOTOI0 HaIlpaBJeHHS I'PaJIl€HTIB Bl 3a/a4l KJIacH-
dikamii. B ganoMmy BuIaJKy, Iij] 4ac HaBYaHHS JIEKOJED JIOKaJi3alil BUKOPHU-
CTOBYETHCs B poJii Mexanismy yBaru [107], 1m0 HABYIAETHCS aBTOMATHIHO 3a
PaXyHOK TPAJIIEHTIB JI0 3a7ad4l Kaacudikaiii. Xouda, IpU BUKOPUCTAHHI JTAHOTO
METOJLY, SAKICTh CeIMeHTallll € HU3bKOIO B pailoHl KOHTYPIB 00’€KTiB, OTPUMaHUX
pe3yJIbTaTiB JOCTATHHO JIJIs JIOKAJI3alil X 00 €KTIB Ha 300ParKeHHSIX.

Jlanmit MeToJ| CKIaIae€Thesd 3 JBOX €TalliB: eTally HaBUYaHHdA Ta eTaly IIPo-

I'HO3yBaHH.

HamiBaBromarunuHe HaBdaHHda IITHM B 3agadi jgokaJaizamii. Ilep-
IIIUM €TaIoM, OOUMCIIIOEThCS YTOUHEeHa O3HaK Kjacudikamii. s 1mporo, ob-
YUCIIOETHCsT JJOOYTOK AjtaMapa MiK HOPMOBAHUM 34 JIOHOMOI'OK) CUIMOIJIHOT

¢yHKIIT BUXOJOM JI€KO/Iepa CerMeHTallil Ta JioriraMu Kjiacudikaliii:

Munsup = M seg © Lels (316)

HaJii, j1j1s1 oTpuMaHHs pe3yJibTary Kacudikallil BAKOHYEThCS CyMallis ejie-
MEHTIB M psyp 3 HOPMAJI3AIIEIO 38 CyMOIO €JIEMEHTIB OPUIIHAJBLHOI HeHOpMa-

JII30BAHOI KapTH CerMeHTaIlll:

H 1%
Zh:o szo Munsuz)(h,w)
H W
> h=0 2w—0 Mseg(hw) + €
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[t aucebHol ¢TabLILHOCTI, IO 3HAMEHHUKA JIOIaHO MaJy KOHCTAHTY ¢ A
107

Ockinbku Maciirad HOPMOBAHOTO BUXO/Y JIEKOJIEPa CerMEeHTAllll 3HAXO/H-
Thest Ha poMmixkKy [0, 1], Bukopucranusi jo0yTKy Ajiamapa JI03B0JIsi€ PO3IJIsi-
JTaTh M seg K KapTy BaKJIMBOCT1 perionis Jyis 3aja4i Kjaacudikaiii. B nporeci
HaBYaHHSA HEPOHHOI MepexKl, Taka CTPYKTYPa MO€/IHaHHS 3a/la4 CIIOHYKa€ Heli-
POHHY MepexKy JI0 TPU3HaYeHHs BUCOKUX 3HAUYEHDb (Mseg — 1) ju1st BaXKIMBUX
O3HaK, 1M0 € CIILHUME Ha 300pakeHHdIX 3 HaBYAJLHOTO HAOOPY JTaHuX.

st 3anobiranist BUBYEHHIO HEMPOHHOIO MepeXKel KapT cerMeHTallil, 110
CKJIAJIAI0ThCsT BUKJIIOUHO 3 BUCOKKMX 3HAY€Hb, HEOOX1JHA Taka IHiIfiasi3alis ma-
paMeTpy 3CyBYy OCTaHHBOI'O LIapy JieKojiepa cerMenTallil Fyqq, 11100 akTUBallil, 3a
3aMOBYYBaHHAM, Oy OJTU3bKUMHE J10 HYJd. s curmoinol byHKITT ak THBaIiil

Take 3HaYeHHs JOPIBHIOE —4.0

IIporao3syBaHHA pe3yJbTaTiB cerMeHTarlii. Ha eramni nporaosyBaHHs
BUKODPHUCTOBYETHCSI 1K JIeKojep Kiacudikallil, Tak 1 JieKojuep, 110 BiJIIOBIae
3a 3ajla4dy JiokaJsizaril. TiJbKu y TOMY BHIAJIKy, KOJIM BUXIJl JIeKOJIepa KJIaCcK-
dikarii nepesuiiye 3ajannit mopir 1,., BAKOHYEThCs TPOIEAypa JEeKO Ly BaHHsI
cerMeHTaIlll.

Ockinbku BUXOAU JieKozepa cerMeHTallil Mg, € HellepepBHUMH, a IXHil
MaciiTad BU3HAYAETHCs 1POIECOM HaBYaHHSs, 1Opir OiHapuszallil cermeHrTalil
Tseqg MOXKE OyTH pI3HUM Jilsl PI3HUX 300pazkenb. [ljis BMOODY ONTUMaJILHOIO
nopory Ty, Ha KOXKHOMY 3 BXIJJHUX 300paskeHb, B IPOIECl 1M0CT-00pOOKK 3a-
IIPOIIOHOBAHO BUKOPHUCTATHU aJallTUBHY OiHapizaliifo 3a meTogoM Oy, 1100 yHuU-
KHYTH HeOOX1HOCTI KaJiOpallil MporHo3iB HepOHHOI MepexKi.

Mz nporo, Buxijy gexogepa cermentatil My, s,y KBaHTU3YETHCH 10 256 3Ha-
gyenb Mg, nicjist 4oro i1TepaTuBHO 3HAXOJUTHCs HOPIr Tyeq, 110 MIHIMIBYE JIHC-
Mepcito BeepeInHl KaHaJIB MaCKH JIJIsi KOYKHOTO 3 KJACIB, siKa, BU3HATAEThCA SIK

3BaXkKeHa cyMa JIMCIepclil KJaclB MepeIHbOro Ta 3a/IHHOTO MJIaHY:
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02 (Tueg) = min = wo(t)op(t) + wi(t)o?(t) (3.18)

Tyr wp, wy - fiMoBipHOCTI KJjacis 1pyu posjiiienni oporom ¢, a of ta o3 -

JIcTepcil KJaciB.

ITicns Bukonanusa Oinapumszarnii, HaJi orpumanoio mackoo My = M, > T,
BUKOHYEThCA MOpd0oJIoriuba onepailiist eposil 3 KBaJapaTHuM s1ipoM po3Mipy 1%
BiJI po3Mipy 300paxKeHHs JiJid TOro, mob mo30yTHCs MaJuX MOXKJIUBO XUOHO-

HO3UTUBHUX PErIOHIB MAaCKMU:

M.=M©ok (3.19)

ne k - sapo eposil.
PesyabraToM Takoro mneperBopeHHsi € OiHapu30BaHa KapTa CerMeHTallll, B
SIKi#l PO3MIYEeHO HaiOIIbIT BIPOTIIHI O3HAKM, IO BIIMHYJIKM Ha PEe3yJabTaT KJjla-

cudikarii.

3.3. BucHOBKH /10 TPETHOTO PO3IiITY

3anponoHoBaHO MOJeIb Oararo3ajladHol HeHpOHHOI MepexKi, 1O JI03BOJISIE
BUPIIIyBaTU 3a/a4l CeMaHTUIHOI cerMeHTallll Ta KJacudikalil i aHajisy
IJIaHaPHUX 300parkeHb, 1110 3a JOMOMOT'0I0 HOpMaJIi3allil BHYTPIIIHIX MPeJICTaB-
JIEHb JICKOJIEPIB JI03BOJIsI€ BUKOPHUCTOBYBATU pPO3PO0JIEHI MeTojii Dararo3a/ia-
YHOI'O HaBYAHHSI.

Ha ocHoBi 3anpomnonoBanol Mojiesii 6araro3aj adHol HeipOHHOI MepeXKi po3-
pobJieHO MeTo)| DaraTo3a/[auHoro HaBYaHHS, 1110 B yMOBaX 4aCTKOBO-11OMUJIKOBOT
PO3MITKH JIO3BOJISIE 3MEHIITUTH BIJIMB HENPABUJILHO PO3MIUEHUX MPUKJIAIIB Ha
IIPOTieC HaBUYaHHs 38 paxyHOK 1X epeKTUBHOI (pliabTpallil 6e3rocepeHbo IIij1 dac
HaBIAHHS.

3anponoHOBaHO METO/T aBTOMATHYHOI (PLIbTPAaIlil IOMIIKOBOI PO3MITKH, 110

CIIUPAETHCI Ha BIJICIIOBAHHS I'PAJIIEHTIB B TOUYKaX, 1110 BIIOBIIAIOTH 3aHAITO
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BHCOKUM 3HauYeHHs (PYHKII BTPaT.

3anponoHoBaHO BUKOPUCTAHHS 3a,/1a4l KJIacudikallil sik O1IbII 3arajabHOl J10
3a/ia4ul CeMaHTUIHOI cerMeHTallll npu dararosaaqHoMy HaBYaHHI JiJisi OHOBJIE-
HHsI [TapaMeTpiB €HKoJlepa B TOYKaX, 110 Oy/u MOMUJIKOBO BijipLIbTPOBaHI sIK
3aITyMJIeHI.

YiockoHajaeHo MeToJ o0’enHaHHS 3ajad cermMeHTalil Ta kKiacudikaril Ha
eTalll MPOrHO3yBaHHS JIJIsl 3MEHIIIEHHs KIJTbKOCTI XUOHO-TIO3UTUBHUX pPe3yJibTa-
TiB.

OrpuMaHO HACTYIHI MyHKTH HAYKOBOI HOBU3HHU:

— ydoCKOHAAEHO MOJIE 3TOPTKOBUX HEAPOHHUX MEPEXK IJISXOM J0JaBa-

HH¢ JIOJATKOBOIO JeKojepa Kiacudikalil 3 IapoM HOpMaJizalll, 1m0
JIaJI0 3MOTY MOOyIyBaTu METOIHM 0AaraTo3aauHoro HaBUAHHS Ta Iepe;-
OadeHHsI pe3yJIbTATIB HEHPOHHUX MEPeXK, K1 BUPIIIYIOTH 3a,1ai CerMeH-
Talil Ta Kjaacudikaiil 0gHOYACHO;

— ydockoHnarero METOIM DAraTo3aadHOTr0 HAaBIYAHHS Ta, epei0adeH s Ha,
OCHOBI YJIOCKOHAJIEHOI MOJIeJIi 3rOPTKOBUX HEMPOHHUX MEPEK IIIAXOM
o0’eHaHHsT KJacu]iKallil Ta cerMeHTallll 1 BBeJeHHsI OOMEXKEeHHS JIPy-
roro pojy (3Bepxy) mpu obumncienui (yHKIHI BTpAT CerMeHTAIil, 1o
JIO3BOJIMJIO HiJIBUIIATH JOCTOBIPHICTH cermeHTanil Ta Kjacudikalil B

3aJladax aBTOMATU30BAHOTO CKPUHIHTY.
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PO3JILI 4
[IOBY/IOBA TA BUIIPOBYBAHHYA CUCTEMU
ABTOMATU30BAHOTO CKPUHIHTY

B nganomy po3jiji po3IJisiHyTO €KCIEPUMEHTH 13 pO3POOJEHUMH MOJIEJISAMU
HEDOHHUX MepeX Ta MeTojaMu X HaBdaHHs (po3ir 3.1) HA CHHTETHIHWX
JlaHUX, 1110 OyJ/iu 3reHepoBaHi 3a JIOIOMOI0I0 3alIPOIIOHOBAHOI B PO3Jijii 2 MOjie-
JIi, & TAKOXK E€KCIIEPUMEHTH, MOCTaBJeHl Ha Habopax jJaHuX 3 peajibHUX 3a/a4

CKPWHIHTY.

4.1. Po3pobKa iHCTPYMEHTAJbHUX 3ac00iB 14

ABTOMATMN30BAHOT'O CKpI/IHiHI‘y

3acTocyBaHHsI PO3POOJEHUX MOJIEIEeH Ta METOJIB 3HATHO YCKJIAHIOETHCS
yepe3 BIJCYTHICTH IHCTPYMEHTAJbHUX MPOrpaMHUX 3ac0biB, 110 3a0e31evyBaJu
6 1x poboty. Pozpobka iHCTpyMeHTaJbHUX 3ac0o0iB, 1110 peaJsi3yioTh MOJENl Ta
METOJIA € aKTYaJbHOIO 3a]1a9€el0.

B januit yac mBHJIKO PO3BUBAETHC CKJIAJHICTH LIPOIPAMHOIO 3abesiede-
HHsI, 1110 BUKOHY€ HayKoOBI Ta iH»eHepHi 3ajadi. CydacHl cucTeMu aBTOMA-
TH30BAHOIO CKPUHIHTY SIBJISIOTH CODOIO CKJIa HI 0AraTOKOMIIOHEHTHI CHCTeMHU
IPOrPAMHKIX MOJIYJIB, sIKI MOXKYTh OyTH (PIZUUHO PO3IOJIIJICH]I OJIUH BiJI OJHO-
ro. Tak, Hampuksaj, objaJHaHHS JJis CKPUHIHTY MOXKe 3HAXOJUTHCS 0e3I0-
CepejiHbO B JIIKAPHI, B TOH 4ac siK cepBicu Jijist 0OPOOKHK JIaHUX MOXKYTb OyTH
noB’sizani 3 obJiajiHaHHsIM, ab0 3HAXOJUTUCH Ha CTOPOHHIX cepBicax. Takox,
BCe 4acTille HarajbHOIO € 1MoTpeda 3MiHU MOJIYJIIB B MPOIEC PpOOOTH CUCTEMHU,
HaIIpUKJIaJ, IPH OHOBJICHHI HEHPOHHUX MepexK, IO € IXHIMH CKJIaJIOBUMU Ya-

CTUHaMMH.
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3ajlaua HaBYaHH TVIMOOKMX HEHPOHHUX MEPEXK € 00UUCII0BaJIbHO-CKJIa,[HOTO
3aJ1a4€10, TOMY JIJIsl IPUCKOPEHHS IPOTIeCiB HaBYaHHS Ta MPOTHO3YyBaHHs HEOO-
X1JIHO BUKOPUCTOBYBATH XMapHI TE€XHOJIOIT O0UMCIICHDb JIjisi 38/ MAIIKMHHOI'O
HABYAHHSI.

Ha ocHoBi 3armporioHoBanux y jucepraliii Mojeseit, po3pobJjieHnxX MeTO/IiB
HaBYaHHs HEHPOHHUX MepexXK Ta MPOTHO3YBaHHS pe3yJIbTaTiB, peai3oBaHo 1H-
CTPpYMEHTaJIbHI 3aC00M y BUIJISIJ IPOTPAMHUX MOJIYJIIB JIJIsI HABUAHHS Ta IIPO-
THO3YBaHHS Ha OCHOBI XMapHUX CEPBICIB.

Bci incTpyMenTalibHi 3acobu peaJsiizoBaHO MOBOIO IporpaMyBantst Python.
[Tposaitjiepom xmapraux cepsicis € Amazon Web Services [108]. Mogeni ru6o-
KX HEMPOHHMX Mepexk Ta METOJiM 1X HaBYaHHS peaJji3oBaHo Ha 06a3l dpeiim-
BOPKY aBTOMaruvHOro judepentioBanns Pytorch [109]. BigrsoproBanicts pe-
3yJIbTATIB €KCIIEPUMEHTIB 3a0e3MeUyeThCsl BUKOPUCTAHHAM MPOrPAMHOI BUCO-
kopiBuesol obroprku Catalyst [110], sika ji03B0sisie 30epiratts KoHbiryparil
EKCIIEPUMEHTIB Y MHUPOKO aHOTOBAHUX KOH(IrypaliitHux (aiiiax.

[HCTpYyMEHTaJIbHI 3ac00M HABYAHHS MOJIeJiell pO3TOPHYTI 3a, JIOIIOMOI'0I0 Cep-
Bicy AWS EC2 [111], B Toii ac SiK TpOrHO3YBAHHSI PE3YJIBTATIB PO3TOPHYTO 34
nomomororo AWS Sagemaker [112].

36epiratus jannx Ta apredakTiB HapuaHHs Mogeseil (daitin KoHdiryparrii
Ta GinapHi daiiim) 30epiraloThes 3a gornomorowo cepsicy AWS S3 [113].

Cy4acHi HefipoHH]I MepexKi B IIJIOMY, Ta 3allpOIIOHOBaHI X MOJIe/Ii IoTpedy-
I0Th BHCOKOI KIJILKOCT1 OOYHMCJIIOBAJILHUX PECypCiB B Ipolieci HaBuaHHs. Heob-
X1JTHOIO CKJIAJIOBOIO 00JIaTHAHHS JJT 1X HABYAHHS € BIJCOIPUCKOPIOBAUI 3arajib-
noro npusnadents (anea. General-Purpose Graphic Processing Unit - GPGPU).
ExoHOMIYHO-BUTIHUM € BUKOPUCTAHHSI APEHTHUX Bl/IEONPUCKOPIOBAYIB B «XMap-
HUX cepBicax», IO HOTpeOye BiJIIMOBIIHOI 3MIHKM HapaJuIM [IPOEKTYBAHHS CHU-
cTeM HaBYaHHI.

[Iporarom ocTaHHIX pOKIiB BUHHK IHTEpEC 0 3aIllyCKy HEHPOHHUX MepexK Ha

HOTIPAHUYHUX HPUCTPOSIX K JI0 aJibTepHaTuBU poOOTH Ha BJJIaJIeHUX CEPBEPaXx,
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HAIIPUKJIAJ], Oe3I0cepe/IHb0 Ha, KaMepaxX BiJICOCIOCTEPEXKEHHSI, JIJI 3HUXKEHHSI
BUTPAT Ha MIJITPUMKY 1HOPACTPYKTYPH.

TakuMm 49MHOM, CTBOPEHHSI TAKOI apXiTeKTypu, sika O JI03BOJIsIA MaTH MO-
JKJIMBICTD 3MIHM MICIIH PO3TAITYBaHHS CEPBICIB HaBUaHHS Ta MPOTHO3YBAHHS €
aKTyaJIbHUM.

Pospobiiena 3arajibHa CTPYKTypa IHCTPYMEHTaJIbHUX 3ac00iB 3a3HaUeHa Ha

pucynky 4.1.

Pucynoxk 4.1. Po3pobJiena apxitekTypa IHCTpyMeHTaJIbHUX 3aC001B

Taka KOMIIO3HUIIIsT apXITEKTYPU Ma€ MOXKJIMBICTH IHTErpallil B OLIBIIICTH CH-
CTeM aBTOMATU30BAHOI'O CKPUHIHTY, & TaKOXK CIIPOIIY€E HallMCAHHS KJIIEHTCbKUX

MOJTYJIIB.

4.2. BunpobyBaHHs po3pobsieHoTro MeToay. EKcriepumMeHTn HaA

CUHTETNYIHUX JaHUNX

st ONMiHKY 3aIIPOIMOHOBAHUX METOJIB B KOHTPOJbOBAHUX yMOBaX ITOMUJI-

KOBHUX aHOTAIllil, IPOBEJIEHO €KCIEPUMEHTH Ha 3T€HepOBaHUX HabOpax JIaHUX,
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1o OyJi CHHTE30BaHI 3a JOIOMOI'OI0 PO3POo0JeHOI MOjiesi HAbOpiB JIAHUX 13
JACTKOBO-TIOMUJIKOBUMHU aHOTAIISIMH.

IIpn BUKOHAHHI €KCIIEPUMEHTIB BUKOPUCTOBYBAJIMCA HACTYIHI BU-
XiaH1 JaHi:

B naBejiennx HMKYe eKCIEePUMEHTYX BUKOPHUCTOBYIOTHCsST HACTYITHI MEeTpPH-
KW:

— Merpuka F1 jnis ominku 3a1adi Kiaacudikalil;

— KoedinieaTt aiica a1 ONIHKK 3a/1a4i cerMEeHTAlllT;

— KoeIlIeHT pO3/1JIbHOCTI BHYTPIIIHIX npejacTaBienb K,

B ekcrniepuMeHTyX 1ocTaBiieHa 3ajiava baraTokJjiacoBol KJacudikarlii Ta ce-
MAHTHUYHOI CerMeHTallil, Jijisd OTpUMaHHs (PiHAJHLHOIO 3HAUYCHHS METPUK, BOHH

ycepeJiHeHl 10 KJiacax.

KinbkicHa OIliHKa PO3ALJIBHOCTI BHYTPIIIHIX ITpeJICTaBJ/IEHb HeEIi-
POHHOI MepexKi. [l omiHKK po3/iJbHOCTI BHYTPIIIHIX MIpeICTaBIeHb, BU-
KOpUCTOBY€EThCsT MeToji K-cepennix. OCKLIbKM B 3ajiadax Kjiaacudikaril Ta ce-
MaHTHUYHOI cerMeHTallll 3a37aJerijib BlJIoMa KIJbKICTh KJIAciB, MOXKHa BU3Ha-
YUTH HEOOXIJIHY KIJIbKICTh KJIAaCTepiB O3HAK Yy BHYTPINIHHOMY IpPEJICTaBICHHI
HEMPpOHHOI Mepexl.

s nabopy maHMX HaJl O3HAKAMHU 3 BHYTPIIIHBOI'O MPEJICTABICHHS OOUM-
CJIIOETHCS KLJIBKICTh KJIACTEPIB, 110 BIIIOBIIAE KIJbKOCTI KJIACIB B OCHOBHIM
zajadi. Iliciss goro, obuncioerbest cepennst EBkiioBa BijcTanb MiXK HEHTPa-
MU KJiacTepiB. TakuMm 4YumHOM, OLIBININA BiJicTaHl MiXK KJacTepaMu BiJIITOBIIaE
Kpallla pPOo3JI/IbHICTD BHYTPIIIHIX IIpeICTaBIeHbD.

Taxox, 77151 HAOTIHOI JIeMOHCTPAIIl CKJ1a Ty BHYTPIIIHIX IpEICTaB/IeHb, O3HA-
KU [POEKTYIOThCs 3a JIOIIOMOI'0I0 aJIPOPUTMY HeJliHIHOIrO BijloOparkentst Uni-

form Manifold Approximation and Projection (UMAP) [114] na aBomiphy 1i0-

IAHY.
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CTpykTypa HEMPOHHUX Mepe>K. ¥ BCIX eKCIEePUMEHTYX BHKOPHUCTaHA
OJTHAKOBA CTPYKTypa HEHPOHHUX MepexK SKIMO He 3a3HaUYeHO iHaKIIe.

Cmpyrxmypa 6a3060i modeai BazoBa MOJE/b SIBJIIE CODOIO €K3EMILISID apXi-
rekTypu UNet. B posii enkojiepa BUKOpHUCTaHa apXiTeKTypa HEHPOHHOI Mepexi
ResNet34, o ininiaJjizoBana BaramMmu mpeTpeHoBaHol Ha Habopi janux Imagenet
HEeMpOHHOI Mepexl.

Jlekojiep BUKOHAHO BiIIOBIIHO 710 KiaacudHol apxiTeKTypu UNet, 1mo ckia-
TaeThest 3 aTn crajiit (pucynok 3.2). KinbkicTh kaHas iB B 3ropTKax crajii
Biji Haitrsubmol: 256, 128, 64, 32, 16. Oyukiis akruBalil jiekojiepa - ReLLU.
Ha koxxHi#t cra/iil BUKOPUCTOBYETHCS TTaKeTHa HOpMaJiizallis o3Hak. J1oj1aTkoBi
3’€/IHAHHS BlJI €HKOJepa IepelaloThCsl 3a JOIOMOIOI olepallil KOHKaTeHaIlll.
QyHKIig aKTUBAIl OCTAaHHBOIO IIapy JIEKoAepa - JOTICTUIHA CUTMOIA.

C'mpyrxmypa 3anpononosaroi modeni

Enkozep Ta jiekojep cermMeHTallil 3aiporoHOBaHOT MOJIe/l BUKOHAHI BiJII1O-
BIJIHO JIO CTPYKTypH, onucanol B pozjiii 3.1. [Ipn nHaBuaHHI 3amporoHOBaHOl
MOJIeJIi BUKOPUCTOBYEThCsI 0OMexKeHa, (PYHKIliS BTpaT Jijisd 3ajiadil cerMeHTalll,
a IpU IPOTHO3YBaHHI BUKOPUCTOBYETHCsSI METOJI 00 €/IHAHHS 3a,/1a1 KJ1acu]iKallil

Ta cerMeHTallll.

ITapamMmerpu eKcnepuMeHTIiB. 3azanvha npouedypa nasuanma CKiaga-
€ThCs 3 OJIHOTO MKJIYy HaBYaHHS Ta BaJljallll, SKIIO He BKa3aHO 1HAKIIIE.

Bukopucrano HacTyIIHI apaMeTpu HaBYaHHSI:

— Poswmip 300paskennsi: 224 X 224 mikcesist

— Poswmip nakery naBuanus: 32

— KisibKicTh TpenyBaJbHUX 300pazkeHb: 15000

— Kisbkicrs TecroBux 300pazkenb: 5000

— Kinbkicts enox nasuanmsi: 20

— Onrumizarop: RAdam [115]

— Temn napyanns: 1073
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— Koedinient L2 perynsgpusarii napamerpis mepexi: 10~

— 3akoH 3MiHN TeMITy HaBUaHH:: KOCHHYC [116]

PesynbraTu BunpodyBaHb. ExkcrnepuMmeHTH BUKOHAHO BiJIIIOBITHO JI0 3a-
Jlad aBTOMATU30BAHOIO CKPHUHIHTY, JJIsI IKUX PO3PO0JIEHO MOJIEIbh HADOPIB J1a-
HUX, 1110 omucani B posiii 2.4 (ekcnepumentu 1-5).

PesynbraTtu ekcriepumentiB 6 Ta 7 JIO3BOJISIIOTH OIIHUTHU CTIRKICTH 3aI1PO-
IIOHOBAHOI'O METO/ly Oararo3aj adHoro HaBUYaHHs HEHPOHHUX MepexK JIO PI3HUX
PiBHIB IIOMUJIOK B aHOTAIISX Ha IIPOCTHX Ta CKJIAJIHUX 300parkeHHIX.

B ekcnepuMmenTi 8 JOCTIIXKEHO BHECOK OKPEMHUX KOMIIOHEHTIB 3aIllPOIIOHO-
BaHUX MeTOJIIB 0araro3a/lauHoro HaBYaHHs IVIMOMHHUX HEWPOHHUX MEPEXK B

PI3HUX yYMOBaX.

Excriepument 1. IlopiBHsiHHs 6a30BOI0 Ta 3alIPOIIOHOBAHOIO METOJIIB Ha
npocromMy Habopi JlaHuX i3 JlocToBipHUMU aHoTalismu. [lapamerpu renepariii

HAOOPY JlaHuX 3a3HavueHo B TadsuIl 4.1.

Tabsruua 4.1. Ilapamerpu HADOPY JAHUX €KCIEPUMEHTY 1

O6’exkTn MNIST

TekcTypa ¢oHy | KOHCTAHTHA

Tekcrypa 00’€KTiB | KOHCTAHTHA,

P, 0
Py 0
No; 10
Sois 36
Amaa 0.2

PesysibraTn ekcriepuMeHnTy HaBejieHo B Tabsuil 4.2.



Tabauua 4.2. PegynbraTtn ekcriepuMenTy 1

Monenn Mipa Haiica | Fl-mipa | K
Basosa monenn 0.86 - 14.33
3anpornoHoBaHUl METOJ, 0.87 0.98 |17.51
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Ha pucynky 4.2 300pakeHo HpUKJIaJd [IPOIHO3IB HEHPOHHOI MepexKi JiJist

TECTOBUX 300parKeHb.

Pucynoxk 4.2. IIporuosu HefipoHHOI MepexKi JiJisi TeCTOBOIO 300parKeHHsI

Ha pucynkax 4.3 ta 4.4 300pakeno UMAP-npoekiiito o3HaK OCTaHHBOI'O

1mapy eHkojiepa Jijisi Habopy TECTOBUX 300Pa’KeHb.

Excnepument 2. IlopiBugnms 6a30BOT0 Ta 3aIPOIOHOBAHOIO METO/IIB Ha

LPOCTOMY HADOP1 JlaHMX 13 YaCTKOBO-IIOMUJIKOBUMU aHoTalissmu. Ilapamerpu
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Pucynok 4.3. UMAP o3nak Pucynok 4.4. UMAP o3znak

0a30B01 MOJIEJI] 3aIlPOIOHOBAHOI MO/IEJ1

rexepaliil Habopy JlaHuX 3a3HadeHo B Tabsuii 4.3.

Tabsruua 4.3. Ilapamerpu HADOPY JAHUX €KCIEPUMEHTY

Ob6’ekTn MNIST

Tekcrypa ¢goHy | KOHCTAHTHA

Tekcrypa 00’€KTiB | KOHCTAHTHA,

P, 0.1
Py 0.25
Noy; 10
Sop,j 36
Az 0.2

Pesynbrarn ekcriepuMenTy HaBeJieHo B TaOuI 4.4.

Ha pucynky 4.5 300pakeHO NPUKJIAINA POrHO3IB HEHPOHHOI MepexKi s

TECTOBUX 300parKeHb.
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Tabauua 4.4, Pe3ynbraT eKClIepUMEHTY

Monenn Mipa Haiica | Fl-mipa | K
Basosa monenn 0.81 - 12.10
3anpornoHoBaHUl METOJ, 0.91 0.93 15.73

Pucynok 4.5. IIpornosu aHeitpoHHOT Mepexi Jijisi TeCTOBOTO 300parkKeHHsI

Ha pucynkax 4.6 ta 4.7 300pakeno UMAP-npoekiiito o3HaK OCTaHHBOI'O
1mapy eHkojiepa Jijisi Habopy TECTOBUX 300ParKeHb.

B ymoBax naBuanns 3a 9aCTKOBO-TTOMUJIKOBUME aHOTAIISIMU, 3alTPOMTOHOBA-
HUII MeTOoJI Jia€ OlJIbII BIIEBHEHI IIPOIHO3M, TAKOXK 30epirarouu TOHKI JIiHII, 1110

MOPYIIYIOTHCS TTPU BUKOHAHHI Omepaliil epo3il HaJl pO3MITKOIO.



Pucynok 4.6. UMAP o3nak

0a30B01 MOJIEJI]

Pucynok 4.7. UMAP o3znak

3aIpOIIOHOBAHOI MOJIEJ
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Excriepument 3. IlopiBHsinHs 6a30BOI0O Ta 3alIpOIIOHOBAHOIO METO/IIB Ha

HPOCTOMY HAOOPI JJAHUX 3 YCKJIAJHEHUMU 00’ €EKTaMU Ta, YaCTKOBO-TIOMUJIKOBUMUI

anoranigmu. [lapamerpn reneparil Habopy JaHWX 3a3HadeHO B Tabsnmi 4.5.

Tabaruuys 4.5. Ilapamerpu HADOPY JIAHUX EKCIIEPUMEHTY

O0’exkTH FashionMNIST
TekcTypa dony KOHCTaHTHA,
TekcTypa 00’€KTiB | KOHCTAHTHA
P, 0.1
Py 0.25
Nop; 10
Sob; 36
JANS—. 0.2

PesynbTarn eKCiepuMeHTy HaBeJIeHO B TaOJuIl 4.6.



Tabauua 4.6. Pe3ynbraT eKCliepuMenTy

Monenn Mipa Haiica | Fl-mipa | K
Basosa monenn 0.83 - 27.49
3anpornoHoBaHUl METOJ, 0.87 0.88 |32.12
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Ha pucynky 4.8 300pakeHo HpUKJIaJM [IPOIHO3IB HEHPOHHOI MepexKi JiJist

TECTOBUX 300parKeHb.

Pucynok 4.8. IIpornosu HeitpoHHOT MepexKi Jijisi TeCTOBOIO 300parKeHHsI

Ha pucynkax 4.9 ta 4.10 306pakeno UMAP-mpoexiiito o3Hak OCTaHHBOTO

apy eHKojiepa Jijid Habopy TeCTOBUX 300ParkKeHb.

4K 1 B monepeTHHOMY €KCIIEePUMEHTI, B YMOBaX JaCTKOBO-TIOMUJIKOBUX aHO-



Pucynok 4.9. UMAP o3nak

0a30B01 MOJIEJI]

Pucynok 4.10. UMAP oznak

3aIpOIIOHOBAHOI MOJIEJ
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Taliif, 3aIPOIOHOBAHII MeTO/] J1a€ OLIBII BIIEBHEHI NPOrHO3M, TaKOXK 30epira-

109 OLJIbINEe MaJinX JeTaJse.

Excriepument 4. IlopiBHsinHs 6a30BOI0O Ta 3alIPOIIOHOBAHOIO METO/IIB Ha

CKJIaJIHOMY Ha0Opi JaHUX 3 IMPOCTUMHU O0’'€KTaMHU Ta, YACTKOBO-TIOMUJIKOBUMU

anoramigmu. [lapamerpn reneparil Habopy JaHWX 3a3HadeHo B Tabsnm 4.7.

Tabaruua 4.7. Ilapamerpu HADOPY JAHUX €KCIEPUMEHTY

O6’ekTH MNIST

Tekcrypa ¢dony | Imagenette
Tekcrypa o6’exkriB | Imagenette

P, 0.1

Py 0.25

Nopj 10

Sobj 36

Az 0.2




Pesynbrarn ekcriepuMeHTy HaBeJIeHO B TaOuI 4.8.

Tabauus 4.8. Pe3ynbraTu eKClIepuMeHTY

Mogenn Mipa Haiica | F1-mipa | K
Bazosa mosennb 0.69 - 15.26
3anpornoHoBaHuit METO/ 0.72 0.75 18.90

125

Ha pucynky 4.11 300pazkeHo IpUKJIa U [IPOrHO31B HEHPOHHOI MepeKi JIJIsI

TECTOBUX 300paskeHb.

Pucynox 4.11. Ilpornosu HeilpoHHOI MepexKi JijIsI TeCTOBOI'O 300pasKeHHsI

Ha pucynkax 4.12 Ta 4.13 306paxkeno UMAP-mpoekiIiiio o3nax ocTanHbOro

1mapy eHkojiepa Jijisi HabOpy TeCTOBUX 300ParKeHb.
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Pucynok 4.12. UMAP oznak Pucynok 4.13. UMAP oznak

0a30B01 MOJIEJI] 3aIlPOIOHOBAHOI MO/IEJ1

7K 1 B monepeIHboMy eKCIIEPUMEHT], B YMOBaX HABIAHHS 3 TaCTKOBO-TTOMUJITKOBUMU
aHOTAlllsIMU, 3AIIPOIIOHOBAHKI MeTO/1 Jla€ OlJIbII BIIEBHEH] IIPOTIHO3M, TAKOXK 30€-
piratoun Oinbie Masanx gerajeit. OHaK, BHYTPINTHI MPEICTABICHHS MAIOTh Tip-

Iy PO3JIJIbHICTD Uepe3 OLIbII CKJIAJIHUI TUI BXIJIHUX JIAHUX.

Excriepument 5. IlopiBHsiHHsi 6a30BOT0 Ta 3a1POIIOHOBAHOTO METO/IIB Ha
CKJIaJTHOMY HA0OpI JaHUX 3 YCKJIaTHEHUMHU 00 €KTaMU Ta 9aCcTKOBO-TIOMUJIKOBUMHI

anortarisgmu. [Tapamerpu renepariii Habopy JaHUX 3a3Ha4YEHO B TaOIHIN 4.9.

PesysibraTn ekcriepumenty Hapejieno B Tabsmii 4.10.

Ha pucynky 4.14 3006pakeHo IpUKJIa U [IPOrHO31B HEHPOHHOI MepexKi JIJist

TECTOBUX 300paskeHb.



Tabaruua 4.9. Ilapamerpu HADOPY JIAHUX €KCIEPUMEHTY

Ob6’exkTn

FashionMNIST

Tekcrypa dony Imagenette

Tekcrypa o6’ekris | Imagenette

P, 0.1
Py 0.25
Noy; 10
Sop,j 36
A 0.2

Tabauua 4.10. PesynbTatn €eKCIIepUMEHTY

Mogenn Mipa Haiica | F1-mipa | Ky,
Bazosa mosennb 0.70 - 7.02
3anpornoHoBaHuit METO/ 0.75 0.78 10.6

Pucynox 4.14. Ilporuosu HeiipoHHOI MepexKi JIJIsT TECTOBOTO 300paskKeHHsI
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Ha pucynkax 4.15 Ta 4.16 306paxkerno UMAP-mpoekiIiito o3nax ocTaHHBOIO

IIapy eHKojiepa i Habopy TeCTOBUX 300PaKeHb.

Pucynok 4.15. UMAP oznak Pucynok 4.16. UMAP oznak

0a30B01 MOJIeJI] 3aIlPOIOHOBAHOI MO/IEJ1

4K 1 B monepeqHbOMY €KCIEePUMEHTI, B YMOBaX IMOMHUJIOK B aHOTAINSX, 3a-
HIPOIIOHOBAHUI MeTO/1 JIa€ OLJIbII BIIEBHEH] ITPOIHO3U, TAKOXK 30epiraloun Oijibiie
MaJsinx Jrerasieit. OHaK, BHYTPIINTHI PeACTaBICHHsT MAIOTh TPy PO3IALILHICTH

yepes OLIbINT CKJIAIHUI TUTT BXIJIHUX JaHUX.

Excnepument 6. CriiikicTh METOIB JI0 PI3HUX PIBHIB MOMUJIOK B aHOTA-
MigX Ha IIPOCTUX JAHUX.

JIj1s1 OLIHKH CTIHKOCTI 0a30BOTO Ta 3allpOIOHOBAHOIO METOJIIB JIO BiJICOTKY
MTOMUJIOK B aHOTAIIIAX, TPOBEJIEHO CEPII0 eKCTIEPUMEHTIB 31 3MIHOIO BIPOT1THOCTI
IOMUJIKU JIJIsi KOYXKHOI'O 3 00’€KTiB B HAOOPI JIaHUX.

PesysibraTn ekcriepumenTy HapejeHo B Tabsmil 4.11

3 TabJnIl BUIHO, 110 3alIPOIOHOBAHUN METO/T € OLIBII CTIRKIM J10 O1JBIIIOrO

BIJICOTKY IOMMJIKOBUX aHoTaliii. TakoxK, sk 3alpoloHOBaHMi, Tak 1 6a30BHii
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Tabsuusa 4.11. [lopiBHSHHS CTiiKOCT1 Mojie/ieil JIO IOMUJIKOBUX aHOTAIIiil

P, P; | Mipa [Haiica Bazoswit meton | Mipa laiica 3amporonoBannii MeTos
0.1 | 0.1 0.84 0.96
0.1 ]0.25 0.81 0.91
0.25] 0.1 0.65 0.83
0.5 |0.25 0.51 0.62
0.25| 0.5 0.57 0.69
0.5 | 0.5 0.3 0.47
0.75 | 0.75 0.12 0.23

MEeTOJ/IM MEHII CTIHKI JI0 MIABHUIIEHOI HMOBIPHOCTI €po3ii.

Exkcnepument 7. CriiikicTh METOJIB JI0 PI3HUX PIBHIB MMOMUJIOK B aHOTa-

IISIX Ha, CKJIAJIHUX JIAHUX.

st mepeBipKy CTIKOCT1 JI0 MIOMUJIOK B aHOTAIlAX B YMOBaX HaOJIMXKEHUX

JIO peaJibHUX, IIONEePe/IHIl eKCIePUMEHT IIPOBEJCHO 3 BUKOPUCTAHHSIM (POHY Ta

TekcTyp 00’ekTiB 3 Habopy Jjanux Imagenette. Pesyibraru ekciiepumenry Ha-

BejleHo B TabJmil 4.12.

Tabsruus 4.12. [lopiBHSAHHS CTIRKOCTI MoJieJieii JI0 IIOMUJIOK B aHOTAIlIsIX

P, P; | Mipa Haiica Bazosuit mero | Mipa Haiica 3anponoHoBannii MeTo,1
0.1 | 0.1 0.72 0.78
0.1 ]0.25 0.70 0.75
0.25] 0.1 0.61 0.69
0.5 ]0.25 0.48 0.53
0.25] 0.5 0.55 0.60
0.5 | 0.5 0.21 0.41
0.75 1 0.75 0.08 0.15
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Pesynbrarn eKcrepuMeHTy 30iraloThes 3 pe3yabTaTaMy MMONePeTHBOr0 eKC-
MEePUMEHTY, XOoua MalOTh TEHJIEHIIO JO 3MEeHIIeHHs CepeHbOr0 3HAUEeHHS Me-

TPUKM Yepe3 MJIBUILIEHY CKJIaJHICTh JIaHUX.

Excriepument 8. Jlocaidocenna enecky okpemux xomnonenmis. Ilapa-

MeTpu rexepaliil Habopy JlaHux 3a3HadeHo B Tabsmi 4.13.

Tabauus 4.13. [Tapamerpn HADOPY JaHUX JIJIST TTPOBEJIEHHST JIOC/IIIXKEHHST BHE-

CKY OKpEMHux KOMIIOHEHTIB

Tekcrypa ¢dony | Imagenette
Tekcrypa o6’ekriB | Imagenette
P, 0.2
Py 0.2
Nopj 10
Sobj 36
Az 0.2

B rabsuni 4.14 nasejieno 3navdennsi mipu [laiica B 3aja4i ceMaHTUYHOI ce-
IMEHTallll P MOCHIJIOBHOMY J0JaBaHHI CKJIAJIOBUX YACTHH 3alTPOTIOHOBAHOIO
MeTojia 10 6a30B01 Mozesi. Bukopucrani ckopodeHHs:

— MN - MNIST

— FM - FashionMNIST

— IN - ImageNette

— C - KOHCTAHTHUH KOJIIP

Bukopucrano HaCTYIHUN MOPsiJIOK KOJIB B MuQpi:
1. Habip jganux, 3 sIKOro B3sITO 00 €KTH

2. Habip jmanux, 3 sIKOro B3sITO TEKCTYPHU (POHY

3. Habip jlaHux, 3 siKOIo B3sTO TEKCTYypU 00’€KTIB
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Tabauua 4.14. JTocnizkeHHS BHECKY OKPEMUX KOMIIOHEHTIB

3MiHHa MN/C/C | FM/C/C | MN/IN/IN | FM/IN/IN
Bazosa moenn 0.81 0.83 0.69 0.70
+ nekojep Kiacudikalil 0.83 0.84 0.69 0.71
+ obmexkenHsi (pyHKIIIT BTpaT 0.88 0.86 0.71 0.74
-+ KoMOiHAaIlisI IIPOrHO31B 0.91 0.87 0.72 0.75

3 3a3HaueHol TabIUIl BUIHO, 0 HAHOLILIINA HPUPICT JAI0TH OOMEXKEHHSI
¢yHKIIT BTpaT Ta KOMOIHAIS IPOrHO3IB, X04a JIjIsI OTPUMAHHS IIOBHOIO ede-
KTy HeOOXiJiHI BCI CKJIaJIOBI YACTUHU 3aIPOIIOHOBAHOIO METOJLY. TaKoxK, OljIbIIl
CKJIaJTHI HADOPU JIAHUX 3MEHIYIOTh BIJIHOCHUI MPUPICT METPUK, IO € OUiKY-
BaHUM 4epe3 HoTpedy 301/bIIeHHA KIJILKOCTI IIapaMeTpiB B HEMPOHHIM Mepexi

JLJIA MOKJIIBOCT1 BUBUYEHHSI YCKJIQJHCHUX IIPECTAaBJIECHD.

4.3. BunpobyBaHHsa po3pobJjieHoro Metoay. EkcnepuMeHnT Ha

PeaJibHUX AdaHNX

4.3.1. Knacudikarig Ta cermenTariga popmariiii xmap.

Omnuc nHabopy gaanx Understanding Clouds from Satellite Images.
Habip mammx Understanding Clouds from Satellite Images (UCSID) ckiana-
erbesa 3 10000 RGB 3ob6parkenn, 3pobienux 3 jgsox cymytnukie TERRA Ta
AQUA, o sHaxojsiThest Ha 10Jsiphiil opbiti [6]. Koxen 3 nux cynyrHukis
HIPOXO/UTH HAJI IEBHY 00JIACTIO OJMH Pa3 Ha, JieHb. depe3 oOMeXKeHe 110J1e 30py
KaMep, BCTAHOBJIEHUX Ha IINX CYIMyTHUKAX, KOXKHE 300parKeHHs 31TUTO 3 JIBOX
CYIIyTHHUKIB, 1110 3HAXOJATbCS HaJl OJIHIEI0 i TOIO caMoi0 00JIacTIO OJIHOYACHO,
aJle Ha pi3HUX opbiTax. Pemrra 300parkeHHsi, s sIKOI He OYJI0 3HATO JIaHUX
1iJ] 4ac HPOJIbOTY CyIyTHUKIB (MixK OpbiTaMu) 3a10BHEHA YOPHUM KOJIBOPOM.
OcKiIbKY 300paskeHHst 1JJIsIral0Th KOMIIPECiT, € apTedakTi CTUCHEHHST, Ta, 10P-

HUM KOJIp Mae JiesKl He3HadHl aHOMAaJTl.
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Ha sniMkax € perionm, sKi MICTATH IIeBHI XMapHI YTBOpEHHS, Ta IOMivdeHi
nocimaukaMu Bignosigao: Puba, Ksitka, ['pasiit, Ilykop (anes. Fish, Flower,
Gravel, Sugar). Koxne 300pazkeHtsi Ma€ UpuHaiiMHi 0J{He XMaPHE yTBOPEHHSI 1
MOYKE MICTHTH JIO BCIX YOTHPHOX OJIHOYACHO.

PosmiTka Jij1st X perioHiB OyJ/ia CTBOpEHa Iiji 9ac KpayJIcopcuHry B [HCTH-
TyTi MeTeopoJiorii imeni Makca Ilnanka B ['am6ypai, Himeuunna, Ta Laboratoire
de meterologie Dynamique y [Tapu:xi, @pannis. Komanaa 3 68 BueHnX BUsiBuIa
JUITHKY 3 XMapaMu Ha KOXKHOMY 300parkeHHi, 1 KOxKHe 300pakXeHHs O0yI0 po3-
MideHe, B CEpPeJIHbOMY, TPhOMa Pi3HUMU BUeHUMU. KoxkeH BueHuit MaB BU/1/I1-
TH XMapH 3a J0MOMOI00 MPSIMOKYTHUX 00J1acTei Ha BiaacHuil poscya. OcHOBHA
po3miTKa OyJia cTBOpeHa 00’eHaHHSIM 00J1acTeil, 1110 OyJin po3MiveHi BciMa BUe-
HUMM JIJIS 1IbOI'O 300paXkKeHHs, MiCJIs BUIAJEeHHs YOPHOI CMYT'U 3 KUX 00JacTeil
17].

Yepes re, sik O0ys 3i0panuit UCSID, BiH Mae 3HaUHY KLJIBKICTH TOMHUJIKOBO-
AHOTOBAHMX TMKCEIIB MacKax st xMap. OCKIIBKN MaCKN CKIIAAI0ThCS 3 TIPsi-
MOKYTHHUKIB, K1 IOBHICTIO II€PEKPUBAIOTh XMapy, iCHye 0OaraTo IiKCceJiiB, sKi
IO3HAYEH] K XMapH, ajie, Haclpas/ii, BiAnoBiaoTh ¢pony. TakoxK, He BCl XMa-
pu mo3HaveHi MacKaMu. depes 00’eIHAHHS MaCOK BiJI pI3HUX aHOTATOPIB, KJIACH
MOXKYTb CyTTEBO IEPETUHATUCS - OJIMH 1 TOW caMuil MmKcejab MOxKe OyTH 1oMi-
YeHn# JIeKIJIbKOMa, KJacaMu, BKJIFOUAIOUM BUIAJIKN, KOJU BCl YOTUPHU KJIACH
IIPUCBOIOIOTHCS OJIHUM 1 TUM CAMUM IIIKCEJISIM.

Yci 300paXkeHHsI MaloTh BUXIAHY po3/iabHy 3naTHicTb 2100x1400 mikcesis.
BinbiricTs 300paxkeHb MICTATH OLIbIIE HixK OMH Kjaac xMap. Hemae 300paskenn

6e3 xmap. Poziojiis kjiaciB xMap Ha 300pakKeHHsiX 110Ka3aHo Ha pucyHky 4.17.
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Pucynok 4.17. Hacrora 3ycTpidi JEKIILKOX TUIIB XMap Ha OJHOMY 3000pakeHHi

PizHi Tunm xMap 3a3BHYail 3yCTPidatoThCs Pa30M, PO3IOIL KOMOIHAIM pi-
3HUX TUIB XMap 3a3Ha4ueHo Ha pucyHky. UCSID poszjineno na 5546 TpenyBaib-
Hux, Ta 3698 Basijaniiinux 300pakeHb. Kpim Toro, Hemae JIOCTyIly JI0 MiTOK
BaJIaIliiHOr0 HAOOPY JAaHMX. SHAUEHHsI METPUKHU MOXKJIMBO OTPUMATH Uepe3
CUCTEMY BaJIiTalil.

Jo posnominy MiTOK KjaciB B Habopi gaHux He OyJI0 BUKOHAHO 3MiH (HEI0-
JMCKPeTU3aIlis, epeucKperusaris Tomio). s orpumants 6ibIin cTablibHOTO
3HAQYEHHSI METPUK B yMOBaX IMOMUJIOK B TECTOBUX aHOTAlIAX, OLIHIOBAHHS $1KO-

cri Mojiesieil BUKOHAHO 3a JI01oMoro k-kpaTHol nepexpecHol nepesipku [117].

ITponieaypa mHaBuanud. TpenyBaHHs Ta HPOrHO3YBAHHS POBOJIUTHCS
Ha 3MEHIIEHUX BEPCIsTX OPUTIHAJIBHUX 300parKeHb. 3araJjbHi mapaMeTpu HaBUa-
HHSI:

— Poswmip 300pazkennsi: 350 X 525 mikcesis
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— Poswmip nakery naBuanns: 64

— KisibKicTh TpeHyBaJIbHUX 300parkeHb: H546

— KiibkicTs TecroBux 300pakenn: 3698

— Kinbkicrs enox Hasuannsi: 50

— Omnrumizarop: Adam

— Tewmn napuanns: 1074

— Koedinient L2 perynspusarmii napamerpis mepexi: 10~
— 3aKoH 3MIHM TeMIly HaBYaHHS: KOCUHYC

— k:5

Cmpyrxmypa 6a3060i modeai BazoBa MOJED SIBJIsIE CODOIO €K3EMILISIP apXi-
tekTypu UNet. B posi enkojepa BUKOpHCTaHa apXiTeKTypa HEHPOHHOI MeperKi
ResNetb0, mo inimiaJjizoBana BaraMu IIpeTpeHoBaHol Ha Habopi Janux Imagenet
HEMPOHHOI Mepexl.

Jlekojiep BUKOHAHO BiJIIIOBIIHO J10 KjiacudHol apxitekTypu UNet, 1m0 ckia-
JIA€ThCs 3 11'aTh ctaaiil. KijbKicTh KaHaJiB B 3ropTKax cTa/iiii Bl HAKTIKOIION:
256, 128, 64, 32, 16. Oynknia aktusatil gekogepa - ReLU. Ha xoxmniii cramil
BUKOPUCTOBYETHCA TaKeTHa HOopMaJiizallis o3HakK. /logaTkoBi 3’eHaHHS BiJ| €H-
KOJIepa, epeIaloThC 3a, JOTIOMOTOI0 onepallil KoukaTeHarlil. OyHKIlisg akTuBalii
OCTAHHBOI'O IIAPY JIEKOJEPa - JIOIICTUIHA CUI'MOIJIA.

Cmpyrxmypa 3anpononosaroi modeni

Enkonmep Ta mekomep cermMeHTallil 3allpPOIOHOBAHOI MOJEsl BUKOHAHI BiJIIIO-
BIJTHO JIO CTPYKTYpH, onmcanol B posaim 3.1. Ilpm maBuanni 3ampomoHOBaHOL
MOJIeJIi BUKOPUCTOBYEThCsT OOMexKeHa, (bYHKIlisSI BTpaT JIJjIsI 3a/1adi cerMeHTalll,
a 1IpU [IPOIHO3YBaHHI BUKOPUCTOBYETHCsI METO/1 00’ €/IHaHHS 3a/1a4 Kjacuikaril

Ta cerMeHTallll.

Pe3ynbraTu ekcriepuMeHTy. HucesibHI pe3ysibTaTi €KCIEPUMEHTY 3a-

3naueno B TadbJsmil 4.15.
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Tabauua 4.15. PesynbTatn €eKCIIepuMenTy

Moenn Mipa Haiica | F1-mipa

Baszosa monesnn 0.56 £+ 0.03 -
Banpononosanuii Mmeroy; | 0.63 £ 0.02 | 0.70 £ 0.01

[Ipukiiaj; 300parkeHHsi 3 TECTOBOIO HADOPY JAHUX 3 BUXIJHOK PO3MITKOIO

Ta MMPOrHO30M HEHPOHHOI MepexKi 300parkeHo Ha pucyHky 4.18.

Pucynok 4.18. Opwurinaibia po3MiTKa (KOHTYDH) Ta MPOrHO3U HEHPOHHOI Me-

pexi (3aaMBKa)

4.3.2. Knacudikailiga crajii ocepeakiB ala0eTUYHOI PEeTUHOIIATII.
B jlaHoMy ekcriepuMeHT PO3IJISTHYTO MOXKJIMBICTH MEPEHOCY IiJIX0/Ly 13 3ajiadi
cerMeHTallil Ha 3aja4dy Kjacudikamii. Tak, B posi MoxigHuX 3ajad JI0 3a/a-
4i Kjacudikaliil BUKOpUCTaHI 3a/1a4i JIHIKHOI perpecii MiTKKA KJIacy, a TaKoxXK

MOPSITKOBOI perpecit, 1o Bianosigae crermdini 3amadi [118].

Onwuc HabOpiB JaHUX. DBukopucradi B 1bOMY €KCIIEPUMEHTI 300parkeH-
Hsi, OyJi B3STI 3 JEKIJIbKOX HAaOOpiB JaHux. Jjs mperpeHyBaHHS HEUPOHHUX
Mepesk OyJ0 BUKOpUCTaHO BiAKpuTuit Habip ganux Bijg Kaggle: “Diabetic Reti-

nopathy Detection Challenge 2015”7 dr2015.



136

[eit HabIp JaHUX € HaAUOLIbIIMM 13 3araJibHOJIOCTYIHUX. BiH CKJIa aeThCs
3 35126 dororpacdiii ouHOroO JHA s JIBOIO Ta IPABOTO OKA aMEpPUKAHCHKUX
I'POMaJISIH, 3 PO3MIUEHUMU CTA/IsIMU J1a0eTUIHOl PeTUHOATI] 38 CTaHaPTHUM
TPOTOKOJIOM:

— Bigcyrricrs piabernanol perunonarii (MiTka 0);

— Jerka jiaberndna perunonaris (MiTka 1);

— nowmipHa jgiabeTudHa peTuHonaTis (MiTKa 2);

— BakKa jiaberndHa peTuHONATiA (MiTKA 3);

— npoJidgeparubHa jiabernuna peruHonarist (MiTka 4).

Kpim Toro, Oysin BUKOpUCTaHI MeHIl HAbOpH JlaHuX: HADIP 300parkeHb 1H-
nificpkoi miabernanol perunonarii (IDRiD) [119], 3 sikoro BukopucTamo 413 do-
torpadiii ounoro jgua, ta MESSIDOR, (Meronu orinku meTosiB cermeHTarii
Ta iHgekcanii B obmacti odrambmosnorii citkiekn) [120], 3 sgKoro BUKOpHCTa-
Ho 1200 dororpadiit ounoro gaa. OCKUIBKH PO3MITKA OPULIHAILHOIO HADOPY
narnx MESSIDOR Bigpisusierhest Bij iHITMX HAOOPIB JAHUX, MU BUKOPUCTAJIN
Bepciio, siky rpyma odraabmosioris |121] momapkyBasia BiAMOBLIHO 10 cTaHap-
THOI'O IIPOTOKOJIY.

Yei 3a3nadeni HaboOpH JAHUX MAIOTh OJHAKOBHUI PO3IO/ILI MITOK KJIACIB, 110
€ (byH[aMEHTaJIbHOIO BJIACTUBICTIO JIJIs €T 3a1a4i.

Ouninka npoBojurhes Ha Habopi janux Kaggle APTOS2019 [122], pocii-
JIHUKKM MalOTh JIOCTYII JIKIIIE JIO TPEeHYBaJIbHOI Ta BaJjijariiinol yactud. IloBuuii
HaOlp maHux ckiajgaeTbesd 3 18590 dororpadiit ouHOro JiHA, siKi pO3/IiJieH] Ha
Habopu 3 3662 TpenypasbHux, 1928 Bamigamiiiaux Ta 13000 TecToBuX 300pa-

JKeHb, 1110 OyJiM po3jiljieH] opraHizaTopamMu 3maraib Kaggle.

ITponneaypa HaBuanHd. TpenyBaHHs Ta IPOrHO3YBAHHS TPOBOJIUTHCS
Ha 3MEHIIEHUX BEPCIsSTX OPUTIHAJBHUX 300parKeHb. 3araJjbHi mapaMeTpu HaBda-
HHSI:

— Poswmip 300pazkennsi: 380 x 380 mikcesis
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— Poswmip nakery naBuanus: 32

— KisibKicTh TpeHyBaJIbHUX 300paskeHb: H275

— Kiibkicrs TecroBux 300pakenn: 1928

— KinbkicTs ernox HaBaIaHHs: 79

— Omnrumizarop: RAdam

— Temn napuannsa: 1074

— Koedinient L2 perynspusarmii napamerpis mepexi: 10~

— 3aKoH 3MIHM TeMIly HaBYaHHS: KOCUHYC

— k:5

Cmpyrxmypa 6a3060i modeai BazoBa Mojeb siBjIsiE cODOI0 €K3EMILISP ap-
xitekTypu ResNet. B pousi enkojiepa BUKOprucTana apXiTeKTypa HEHpOHHOI Me-
pexki ResNeXtb0, 1o inirmiajgizoBana BaraMu IpeTpeHOBAaHOl Ha HAOOPI JaHUX
Imagenet HeitpoHHOI Mepexi.

Hexoyiep kiacudikaliil siBjisie cob0I0 JiBa JIHIRHUX AP, (PYHKIIS aKTH-
Banil - ReLU. @ynukiiist aktuBalii oCTaHHLOTO IIapy JAEKojepa - JIOriCTUYIHA,
CUT'MOlJIA.

C'mpyrxmypa 3anpononosanoi modeni

EnKomep Ta Jekogepu 3anpornoHOBaHOl MOJIe/Ii BAKOHAHI BIIIOBITHO JIO CTPY-
KTypu, orrucanol B po3iji 3.1. [Ipu nauanHi 3a11porioHoOBaHOT MO/l BUKOPU-
CTOBYETbHCs1 OOMexKeHa, (PYHKIIIs BTpaT Ji/Ist 3a/1a4l Kjacudikaliil, a mpu mporto-
3yBaHHI BUKOPUCTOBYETHCs 3alIPOIIOHOBAHMI MeTOJi 00’€/IHaHHS 3a,/1a1.

Kombinysanna pesysvmamie dexiavkor 3adaw Ha ertarmi micjas OCHOBHOTO
HaBYAHHA, JJIs KOXKHOI 3 MOJiesieit, HaBIaeThCs MOJIeNTh JIIHIMHOI perpecii 3 BU-
XOJI1B JIEKOJIEPIB B €JIMHE 3HAUYCHHS.

JliniitHa perpecisi HABYAETHCsI 11ICJIsSI OCHOBHOIO HABYaHHS, OCKLIbKKA B 1H-
IIIOMY BHUITIQJIKY, CXOAUTHCS JO HEONTHMAJbHUX JOKAJbHUX MIHIMyMIB 3 BaraMu
JIBOX JIEKOJepiB, Ou3bKUX Ji0 HyJid. L1 Hy/JbOBI Baru 3amodiraloTb OHOBJIEHHIO
BIIIOBITHUX Bar JEKOJEepiB 1, BUIMOBIIHO, 3amn00iraioTh HaBdannio. IlogaTkosl

BAIU JIJIsl KOXKHOTO 3 BUXO/IIB JIEKO/IepiB Oysin BeranoB/eHl pisuumu 1/3; a norim
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TPEHYBAJIMCh MPOTArOM II'siTH €I0X, 100 MiHIMI3yBaTH CepeHbOKBaIPATUIHY
(PYHKITIIO TOMUITKH.

Iniuranizauia netiponnoi mepesict Bijnouarky, eHkKoep iHinia i3yerbest na-
pameTpaMu HEffpoHHOT MepexKi, 1110 OyJia HaTpeHoBaHa Ha Habopi Janux ImageNet.
[Tapamerpu jekoepis ininiamisyorbes sunaakoso (ininiaizanis Xe).

[Ipupo;iHi 0cobIMBOCTI J1iabETUIHOI PETUHONATIT Y3r0o/XKYIOThCA MiXK PI3HHU-
MU JIIOJIbMU 1 He 3ajiexKaTh Bijl Habopy maHux. Kpim Toro, pi3Hi HabOpH JTaHUX
30MpalOThCa Ha pizHOMY obOJiaiHAHHI. BKIII0OUeHHs IUX 3HAHB Y MOJEDb ITiJIBH-
HIy€ 11 3/IaTHICTD JIO y3araJibHEeHHS Ta, [BUIIYE BaXKJIUBICTH HTPUPOJHUX O3HAK
3a PaxXyHOK 3MEHIIEeHHsT 9yTJIMBOCTI JI0 0CODJIMBOCTEH 00J1aHAHHSI.

s monepeaHboro HaBYaHHS, 1HIIIaJ i30BaHa HEeWpOHHA MepexKa HaBUYae-
Thed Ha npoTssi 20 ernox Ha Habopi ganux DRDC2015 3a momomorormn croxacTu-
YHOTO T'PAJIIEHTHOTO ciIycKy. OCHOBHA MeTa MOIepeHLOI0 HABUAHHS - CTBOPUTH
iHimjaJi3alio napaMerpiB Ha PO3MOJLJIL JJaHKX, 0 € OJU3bKUM JI0 I1JIHOBOIO.
[Ticsist monepeIHLOTO HABYAHHSI, TApaMeTPU HEHPOHHOT MePerXKi BUKOPUCTOBYIO-
ThCA K 1HIIIaJ13aIlld JJIsI OCHOBHOI'O HaBUYaHHSI.

[1i1 gac nonepeIHLOI0 HaBUYAHHSA, KOXKEH JEKOJAep MiHIMI3y€e CBOIO (DYHKIIIIO
BTPAT: IepeXpecHy eHTPOIo JIJIs KJacudiKalliiHoro aekojepa, OiHapHy mnepe-
XPECHY EHTPOIII0 JiIs JIEKOJepa IOPsiJIKOBOI perpecii Ta, cepejiHio abCOJIIOTHY
MOXUOKY JIJIst JIEKOJIepa perpecii.

OcHoBHe TpeHyBaHHS IPOBOINTLCA Ha Habopax manux APT0S2019, IDRID
ta MESSIDOR pazowm. [lounnatoun 3 Bar, OTpEMaHUX Ha €Talll MoIepeIHbOIO
TpeHyBaHHs, BUKOHYEThCA D-KpaTHa TepexpecHa TepeBipKa Ta OIiHKa MOJel
Ha BiJKJIajieHoMy Habopi janunx. Ha mpomy erani pyHKIIl Brpar s JEeKOJe-
piB 3Mineno: Gokasbha dyrkiist Brpar [123] jis kiacudikaiiiinoro jekojepa,
Oinapra dokaibha yHKiisg Brpar [123| ayst gekojepa mopsKoBol perpecii Ta

cepeTHbOKBaJIpaTuIHa MOMUJIKA JIJIs JIeKOepa perpecil.
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Pe3ynbTraTu ekcriepuMeHTy. ucesbHI pe3yiabTaTi e€KCIEPUMEHTY 3a-

snaueno B TadJmil 4.16.

Tabaruuys 4.16. Pegyjibraru eKcriepuMenTy

Monenn Fl-mipa

Bazosa Mo;1e/1b 0.68 4 0.05

Sanpononosanuit meros | 0.79 + 0.06

4.3.3. Knacudikailia paky mKIipu Ta JIOKaJi3amisd poanMok. Me-
TOIO JJAHOTO €KCIIEPUMEHTY € TeCTYBaHHsT 3aITPOTTOHOBAHOTO METOJLY JIOKATI3allil
BaXKJIMBUX I KJjacudikalil 03HaK B yMOBaX BIJICYTHOCTI pO3MITKHU CerMEHTa-
Imil.

Onwuc ma6bopy ganmx SIIM-ISIC Melanoma Classification. Jlani
300parkeHb, BUKOPUCTAH]I B LIbOMY JIOCJIJ2KEHHI, OyJix B3sTl 3 JIEK1JIbKOX HAOO-
piB jaHux 3 ojHaKoBo0 cTpyKTypoto: SIIM&ISIC 3 2017, 2018, 2019 Ta 2020
pokis. Lli nabopu janux Oysin creoperi MixkHapo/iHOIO CIiBIIpalelo 3 00poOKu
300pakenp mmikipu (aneza. International Skin Imaging Collaboration - ISIC), a
300paXkeHHsI OTPUMaHI 3 HACTYIIHUX JIXKepeJr:

— nikapuga Kninik ge Bapcenona;

— DBijieHchbkuii MeJiMaHUN YHIBEPCUTET;

— Hentp paky Mewmopias Cioya Kerrepinr;
— ABcTpasiiicbKuil iIHCTUTYT MeJTaHOMU;

— KBincaenacbkuii yHIBEpCUTET;

— Adincbka MeanuHa MIKOJIA.

BaraJjiom, 11l HabOPH JTAaHUX CKJIa1aI0Thes 13 npubiansao 50000 RGB-300parkens,
3 skux 0m3bko 3000 MaroTh 300paXkeHHs 3JI0AKICHUX ypakeHb. Habip janux

MicTUTDb 434 1noBTOprOBaHUX 300paxkeHHsA. OKpiM JaHUX IIPO 300parKeHHsI, OyIu
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HaJaHl MeTajaHi 1po namiedTis. O uH HallenT Ma€ JIeKlabKa 300pakeHb PI3HUX
POJIMHOK.

3o0pazkennst Ta MeTatadl Hajanl y dopmari DICOM, sikuii € 3arajibHOBXKU-
BaHUM (OpMaTOM JIaHUX MEJUUYHUX 300parkeHb. KpiMm Toro, Hadip jlaHux Ji0-
crynuuit y ¢popmari JPEG i3 posmipamu 300parkenn, sminerunx 10 1024x1024.
Metaiani TakoxK HajaoThbes 3a Mexxamu gopmary DICOM, y daitnax CSV
[124].

Habip nanux mae Bucokuii qucobaanc KiaaciB. Po3mojiii J1iarnosiB mokas3aHo

na pucynky 4.19.

Pucynok 4.19. Posnozin kiacis B mabopi parnux SITM-ISIC Melanoma, Classifi-

cation

s 3nagens unknown B o diagnosis, aBropu HabOOpy JTaHUX TapaHTYOTh,

110 HOBOYTBOPEHHsI He € 3J10siKicHuM [124].

IIponienypa HaBuaHHSA. TpeHyBaHHsS Ta NPOTHO3YBAHHSA MPOBOIUTHCS

Ha 3MEHIIEHUX BEPCIsSIX OPUTiHAJIBHUX 300parKeHb. 3araJjbHi mapaMeTpu HaBda-
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HHSI:

— Poswmip 300pazkennst: 512 x 512 mikcesin

— Poswmip nakery naBuanus: 64

— KisbkicTb TpenyBaJibHUX 300pazkernb: 25000

— KinbxkicTs TecToBrx 300parkenn: 5000

— KinbkicTs enox HaBuanHsi: 50

— Omnruvizarop: Adam

— Tewmn napuamns: 1074

— Koedinien L2 peryasipusaii napamerpis mepesxi: 1074

— 3aKoH 3MIHM TeMIly HaBYaHHS: KOCHHYC

— k:5

C'mpyrxmypa 6a3060i modeai BazoBa Mojieb sIBJIsSIE CODOIO €K3EMILISP ap-
xitekTypu ResNet. B pousi erkojepa BUKOpHUCTaHa apXiTeKTypa HEHPOHHOI Me-
pexxi ResNetb0, 1o ininjasizoBaHa BaraMu IpeTrpeHOBaHOl Ha HaAOOPI JlaHUX
Imagenet neitpornHOl Mepexi.

Hexkonep kiacudikaliil siBjisie€ coboro JiBa JIHIMHMX AP, (PYHKIIA aKTH-
Banii - ReLU. @ynkiig akrtuBaliil ocCTaHHLOTO IMapy JAeKojepa - JOTICTUIHA
CUTMO1 1.

Cmpyrxmypa 3anpononosaroi modeni

Enkozep Ta jiekoiepu 3alporioHOBaHOT MO/IeJIi BAKOHAH] BiJ[IIOBITHO JIO CTPY-
KTYpH, omucanol B pozjim 3.1. JIna cuporenns 3ajadi JIOKaJIi3allil, JeKojep
cerMeHTallll Mae MeHIle CTa il Ta BUBOJUTDH KapTy yBaru B MEHIIH poO3I1IbHIMl
3/IATHOCTI, HIXK BXIJIHE 300pasKeHHsl.

IIpouedypa nasuwanms Iponeypu HaBdaHHs 1 IPOrHO3YBAaHHS BIIIIOBLIAIOThH
3alpOITOHOBAHOMY METO/Iy HaIlBaTOMATHIHOIO HaBYaHHs 3a/1adl JIOKaJI3allll,

10 OIUCAHUN B po3alial 3.2.2.

PesynbraTu ekcriepuMeHTy. UucesbHI pe3ysbTaTi €KCIEePUMEHTY 3a-

3nadeno B TadJsmi 4.17.
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Tabsruuys 4.17. Pegyibrar eKCriepuMeHTy

Mojiesn F'l-mipa

Basosa Mo,1e/1b 0.83 4+ 0.01

Sanpononosanuit mero | 0.86 + 0.01

[Ipuknan mokasizalil HeHPOHHOI Mepexkeio 300pakeHo Ha pucyHky 4.20.

Pucynok 4.20. [Ipukia HamiBaBTOMATUYIHOI JJOKaJII3allil pOJUHOK

4.4. BNCHOBKU /10 YI€TBEPTOro PO3J1Ty

Y derBeproMy po3/iijii po3po0JieH] IHCTPYMEHTaJbHI 3ac00u, 1110 peaJisy-
I0Th 3aITPOIIOHOBaH] pitternst. [IpoBejieno BupodyBanHs po3pobJIEHOI0 METOJLY
B paMKaX €KCIEPUMEHTIB K Ha CUHTETHUYHHX JIAHUX, 10 OyJiM 3reHepoBaHi 3a
JIOIIOMOT'OIO 3aIIPOIIOHOBAHOI MOJIEJI, a TaKOXK €KCIEePpUMEHTH B peaJibHUX 3a-
Jlavax: CKPUHIHD J11abeTUIHOI PETUHONATIl, CKPUHIHT MeJaHOMHU, Ta CKPUHIHT

XMapHUX yTBOPEHb.
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B pesysibTaTi eKCIepuMEeHTIB II0Ka3aHO IIepeBary 3alpoIlOHOBAHUX Oararo-
3aJIAYHUX HEUPOHHUX MEPEeK Ta METOMIB IX HABUAHHS HaJl 0A30BUMU BEPCISIMHU.
[IpoBejieHOo JIoC/I1JIPKEeHHST BILIMBY BlJICOTKY IIOMUJIKOBUX aHOTAllll Ha PE3yJibTa-
TH HaBYaHH:A, BUSBJIEHO MIJABUINEHHS JJOCTOBIPHOCTI MPU BUKOPHUCTAHHI 3aITPO-
MMOHOBAHUX METOJIB JIJIsi PISHUX BIJICOTKIB TTOMUJIOK B aHOTAIlISAX.

IIpoBeseno anaJiiz BHECKY OKpeMUX KOMIIOHEHTIB 3alIpOIIOHOBAHUX MOJIeJIei
HEHPOHHUX 1 METOJIIiB 1X HaBYaHH, MOKA3aHO X MO3UTUBHUN BILIUB Ha JOCTO-
BIPHICTH MPOTHO3IB SIK OKPEMO, TaK 1 B IIJIOMY.

st 3aj1a4i aBTOMATU30BAHOI'O CKPUHIHITY 1IPU CerMEHTallll 1aTepHiB opra-
HiZallil XMap Ha CymyTHUKOBMX 3HIMKax (B pamkax npoekty ‘Understanding
Clouds from Satellite Images” na mnardgopmi g 3Maradb 3 HayK IIpO JlaHi
Kaggle) 6ysi0 BUKOPUCTAHO 3alIPOMOHOBAHI MOJIEI HEPOHHIUX MEPEXK, & TAKOK
METOJIM 1X HABUYAHHS Ta MPOTHO3YBaHHS Pe3yabTaTiB. [IiBUITIEHHS TOCTOBIpHO-
cri (mipa [aiica) BigHOoCHO 6a3oBol Mojedi ckiaso 3.9%.

st 3a1a41 aBTOMATU30BAHOIO CKPUHIHTY TTPU KJacuikalil crajiit jgiade-
Tranol peruronarii (B pamkax mpoekty “APTOS 2019 Blindness Detection” ma
mwiardopmi st 3maraib 3 Hayk 1npo jgani Kaggle) 6yno Bukopucrano sampo-
MOHOBaHI MeTonu 6araTo3alauHoro HaBYAaHHS Ta IIPOTHO3YBAHHSI PE3YJIbTaTiB.
[Tigpumenns gocrosiprocti (Fl-mipa) BigHocHo 6azoBoi mogedi ckiaino 2.1%.

st 3a7a4i posnisHaBaHHs yparkeHb IMKIpU IPU CKPUHIHTY Mejganomu (y
pamkax npoekty SIIM-ISIC Melanoma Classification na miardopmi s 3ma-
raib 3 HayK 1mpo fgani Kaggle) Oyso BUKOpUCTAHO 3ampONOHOBAHUIT JIOKATI3ATIIT
BaYKJIMBUX JIJIsT KJIacudikallil o3HaK 300parkeHHsi. BUKopucTaHHs 3alpOIOHO-
BAHOI'O METOJLY JIO3BOJIMJIO CIPOCTUTH HPOIEC KOHTPOJIIO HABYAHHS HEHPOHHUX
MepeXx, 110 JOTTOMOIJIO MONEePEJNTH MepeHaBIaHHsd 1 MABUIIUTH JOCTOBIPHICTH
kiracudikanil na 3.5%.

B nporieci nopiBHsJILHOIO aHAJI3Y pe3yJIbTaTiB 3aIPOIIOHOBAHUX Ta DA30BUX

MoOJIesIedi 1 MeTOIIB BCTAHOBJICHO IepeBary HaJ 6a30BUMU MojeasMu Ha 2-8%
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BNCHOBKU

CyKymHICTH OTPUMAHKUX B JIECEPTAIlil Pe3yIbTaTiB BUPIINIYE aKTyaJbHY HAYKOBO-
TeXHIUHY 3a/1a49y MJIBUIIEHHS JOCTOBIPHOCTI cerMenTaliil Ta Kiaacudikaliil mia-
HapHUX 300parkeHb B CHCTEMaX aBTOMATH30BAHOI'O CKPUHIHIY 0e3 IiIBUIIEHHS
BUTPAT Yacy 3a paxyHOK PO3pOOKM Mojeseil baraTo3agadHuX HEHPOHHUX Me-
pexK Ta MeTOJIIB 1X HaBYaHHS.

Ha ocHoBi nipoBejieHnX JIOCJ/I/PKEHb OTPUMAHO HACTYIIHI HAyKOBI pe3yJibTa-
TH, K1 CKJIaJal0Th ICTOTHUI BHECOK y MOJAJIbINNII PO3BUTOK NJIMOMHHUX HEi-
POHHUX MepexK, MeTO/IIB 0araTo3aj auiHoro HaBUYaHHS [P BUPIIIEHH] 381841 aB-
TOMATU30BAHOTO CKPHUHIHTY IJIAHAPHUX 300PasKeHb.

BukonaHo aHaJli3 JIOC/IJPKEHD, 1110 CTOCYIOTbCs 3a/a4l aBTOMaTU30BaHOI'O
CKPUHIHTY B Pi3HUX 00JIACTSAX; MPOBEJIEHO aHaJi3 Mojiesieil riiubOKuxX HelpoH-
HUX MEPeX Ta MeTOJIiB X HaBuaHHs. [IpoBejieHo aHa i3 MeTo/1iB pO3ITiZHABAHHS,
KJacudikaIil Ta ceMaHTUYIHOI CerMeHTallll IIJIaHapHUX 300parkeHb, BUKOPHUCTA-
HHsI JIJIsl IbOI'O MOJIeJIeil Ta MeTo/iB OaraTo3a]auHoro HaBuaHHsl HeHPOHHUX Me-
pexx. [IpoanajizoBaHo MeTO/M TECTyBaHHS, 1110 BAKOPUCTOBYIOTHCS JIJIsl OLIIHKN
JIOCTOBIPHOCTI B 3ajadax KJjacudikaliil Ta cermeHnTalii 300paxkenb. BusipjieHo,
110 JIOCTOBIPHICTH MPOTHO3IB MOXKe OyTH Bu3HadeHa sk mipa [aiica-Copencena,
abo Fl-mipa. [lokazano, 110 IepCHEKTUBHUM HAIIPAMKOM JOCJIIJI2KEHb € BUKO-
pucTans 6araTo3aIauHor0 HaBUaHHs JIJIsI Kyacuikalil Ta cerMeHTalii 300pa-
>KeHb B 3aJaUaX aBTOMATH30BAHOTO CKPUHIHTY B YMOBaX YaCTKOBO-TIOMUJIKOBHUX
aHOTAIII.

PospobJieno mapaMerpudHy Moiesib HaDOPiB JJaHUX 3 4aCTKOBO-ITOMUJIKOBUMHM
aHOTAIllIMU JIJIST 33129 cerMeHTallll Ta Kiaacudikallil Ta MeTo/ | reaepaliii Habopi
JIaHMX, sIK1 BIJIIOBIIAIOTH IOMHUJIKAM B aHOTAIISIX HAOOPIB JaHUX PeAJbLHUX 3a-

Jlad aBTOMATH30BAHOTO CKPUHIHTY, a TaKOXK MeTOJ KOHTPOJHOBAHOI TeHepallil
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sIK 300parkeHb, TaK 1 aHOTAIlll CerMeHTallil Ta MITOK KJIACiB 1110 MOJAUQIKYIOTHCA
BIJITIOBIJTHO JIO BHIIAJIKOBO OOPAHMX ITOMMJIOK. 3aIIPOIIOHOBAHO BUKOPUCTAHHSI
MOJICJIbHIX HADOPIB JIAHUX TECTyBaHHSI JOCTOBIPHOCTI MOJIe/Ieil Ta MeTO/(iB Ha-
BUAHHSI TVIMOOKMX HEHPOHHUX MEpPExXK B 3ajadax Kjaacudikalil Ta ceMaHTUIHOI
cermenTaliil. TecTyBaHHsI BUKOHYETHCsI B KOHTPOJILOBAHUX YMOBaX 3a JOTIOMO-
I'OI0 BBEJICHHSI IIOMUJIOK B PO3MITKY JIMIIIE TPEHYBaJbHOI'O HADOPY JlaHUX, B TOM
4ac sIK TeCTYBaJILHUX HaOIp JAaHUX 3aJHUIIAETHCA 3 TOYHOI PO3MITKOIO.

3anpomnoHoBaHO MOJeIb Oararo3ajladHol HeHpOHHOI MepexKi, 1O JI03BOJISIE
HIJIBUIIATH JOCTOBIPHICTH B 3ajadax cerMeHTallil Ta Kjaacudikamil Jijisi aHaisy
njaHapHuX 300paxkenb. [1iBUIICHHS JIOCTOBIPHOCTI 3aITPOTIOHOBAHUX MO/Ie/Ieit
1 MmeToaiB BisHOCHO 6a30BUX cranoBuao 4-8%. Buasneno, mo okpim 3araabnol
apXITeKTyPHU MOJENl, KpUTUIHUMHE JIJIsi KOPDEKTHOI poOOTH 3aIlIpOIIOHOBAHUX Me-
TOJIIB € CTPYKTYPHU JEKONEPIB JIJIT KOXKHOI 3 3aJ1a4, 30KpeMa, HOpMaJii3allis X
BHYTPIIIHIX 11pejicTaB/ieHb. Ha ocHOBI 3a1poiioHOBaHOl MOjIesIi DaraTo3a/jauHol
HEHPOHHOI Meperki Po3pobsieHo MeTos bararo3aavHoro HaBYaHHS, 1[0 B YMO-
BaxX JaCTKOBO-TIOMUJIKOBOI PO3MITKH JIO3BOJISIE 3MEHITUTH BILJIUB HEIPABUJILHO
PO3MIUEHUX IPHUKJIAJIB Ha IIPOIeC HaBUYaHHs 33 PaxXyHOK 1X epeKTUBHOI (ijb-
Tpallil Oe3rnocepeHbo i Yac HABUAHHS. 3alpOIOHOBAHUN MeTO]| aBTOMATHU-
qHOT (PplJIbTPalil OMUJIKOBOT PO3MITKHU CIIUPAETHCA Ha, BiJICIIOBAHHS I'Pa/II€HTIB
B TOYKAX, IO BIJIIMOBIIAI0OTH BUCOKMM 3HAUYEHHSI (DYHKILT BTpAT.

3alporoHOBaHO BUKOPHUCTAHHSA 3a/a4l Kyiacudikallil ik OlIbII 3arajbHOl J10
3314l CEMAaHTUYHOI CerMeHTallil pu 6araTo3alauHoMy HaBUYaHHI JIJisi OHOBJIE-
HHsI ITapaMeTpiB eHKoJiepa B TOYKaX, M0 Oy/IM MOMUJIKOBO BiI(DIILTPOBaHI SIK
IIOMMJIKOBI. YJIOCKOHAJIEHO MeTO/ 00’€/[HaHHs 3a/a4d cerMeHTalil Ta, Kjaacudi-
Kallil Ha eTalll IMPOrHO3YyBaHHS JJIsi 3MEHIEeHHsI KIJILKOCTI XMOHO-TIO3UTUBHUX
pe3y/aLTATIB Ta HiBUIIeHHs onepaTuBHocT 10 15% 3a paxyHOK BUKOPUCTAHHSI
JIVIIEe OJIHIEl HeUPOHHOI MepexKl.

B gerBepTOMY PO3ii TPOBEIEHO EKCIIEPUMEHTABHI JOCTII?>KEHHSA Ha, CHH-

TETUYHUX JIAHUX, 1110 OyJi 3reHepoBaHl 3a JIOIIOMOI'OI0 MOJei, a TakKoX Ha
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peaJbHUX JaHUX 3 PI3HUX 3aJla4 aBTOMAaTHU30BaHOTO CKpuHIiHTY. [IpeacraBieno
apxXiTeKTyPy 1HCTPYMEHTAJbHUX 3aC001B JIJIs1 peaJiizallil 3aIpolIoHOBAHIUX MO/Ie-
Jielt, a TaKOXK MeTOJIIB 11 HaBYaHHS Ta IPOrHO3YBaHHS PE3yJIbTaTiB.

B pesysibrari eKclepuMeHTiB 10Ka3aHOo TepeBar 3alpoloHOBaHUX DaraTo-
3aJIAYHUX HEHPOHHUX MEPEXK Ta METOJIB X HaBUYaHHS HaJl 0A30BUMU BEPCISIMU.
[IpoBesieno mpoc/tiKeHHs BIJIUBY PiBHSA 3allyMJIEHHS PO3MITKH Ha pe3yabTaTH
HaBYAHHsA, BUABJIEHO IMIJBUIEHHS JOCTOBIPHOCTI NMPU BUKOPUCTAHHI 3aITPOIIO-
HOBAHUX METOJIIB JIJIsI PI3HMX PIiBHIB 3ammyMmJjeHHdA. [IpoBeneHo anaJi3 BHECKY
OKPEMUX KOMIIOHEHTIB 3alTPOITIOHOBAHUX MOJiejiell HeRPOHHUX 1 METO/JIIB 1X Ha-
BUYAHHS, TTOKA3aHO 1X TO3UTUBHUN BIJINB Ha JIOCTOBIPHICTL MPOTHO3IB K OKpe-
MO, TaK 1 B I[LJIOMY.

Pospobiieni B MeTOI OTpUMAJIM BIIPOBAAXKEHHS B IIPOI'PAMHUI IPOJIYKT
SafetyRadar kommamii VITech Lab, nporpammi nponyktu Kommnamil «ILJTAHE-
TA IOI's Ta B HaykoBo-jocaigHl poboTn Kadeapn Ta B HABYAJILHUNA IIPOIEC
Iadopmaniitnnx cucrem Iucruryry Kowmm'torepunx cucrem Opechkoro Harrio-

HasbHOrO llonmiTexniunoro YHiBepcurery.
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Honarok E. BuximHi Koau mporpaMHUX iHCTPYMEHTAJbHUX 3ac00iB

@registry.Criterion
class NoLoss(nn.Module):
def __init__(self):

super (NoLoss, self).__init__Q)

def forward(self, inputs, targets):

return inputs

from .model import Net, OneClassNet, MaskOneClassNet
import math

from typing import Optional

import timm

import torch

from efficientnet_pytorch import EfficientNet
from torch import nn

from torch.nn import functional as F

from torch.nn.parameter import Parameter

class Flatten(nn.Module):
def forward(self, input):

return input.view(input.size(0), -1)

class GlobalStdPool2d(nn.Module):
def __init__(self, flatten=False):

super (GlobalStdPool2d, self).__init__Q)
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self.flatten = flatten

def forward(self, x):

1f self.flatten:

in_size = x.size()

return x.view((in_size[0], in_size[1], -1)).std(dim=2)
else:

return x.view(x.size(0), x.size(1l), -1).std(-1).view(x.size(0), x.size

class AdaptiveConcatPool2d(nn.Module) :
def __init__(self, sz=None):

super () . __init__Q)

sz = sz or (1, 1)
self.ap = nn.AdaptiveAvgPool2d(sz)

self.mp = nn.AdaptiveMaxPool2d(sz)

def forward(self, x): return torch.cat([self.mp(x), self.ap(x)], 1)

class MeanStdConcatPool2d(nn.Module) :
def __init__(self):

super () . __init__Q)

sz = (1, 1)
self.ap = nn.AdaptiveAvgPool2d(sz)

self.std = GlobalStdPool2d(flatten=False)

def forward(self, x):
return torch.cat([self.std(x), self.ap(x)], 1)
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class ArcMarginProduct(nn.Module):
r'"""Implement of large margin arc distance:
Args:

in_features: size of each input sample
out_features: size of each output sample

s: norm of input feature

m: margin

cos(theta + m)

def __init__(self, in_features, out_features):

super (ArcMarginProduct, self).__init__()

self .weight = Parameter(torch.FloatTensor(out_features, in_features))
# nn.init.xavier_uniform_(self.weight)

self.reset_parameters()

def reset_parameters(self):
stdv = 1. / math.sqrt(self.weight.size(1))

self .weight.data.uniform_(-stdv, stdv)

def forward(self, features):
cosine = F.linear(F.normalize(features), F.normalize(self.weight.cuda(

return cosine

class FeatureExtractorHead(nn.Module):

def __init__(self, extractor, classifier):



super () .__init__Q)

assert extractor is not None

assert classifier is not None

self.fe = extractor

self.cls = classifier

def forward(self, x):
features = self.fe(x)
output = self.cls(features)

return features, output

def freeze(model):
for param in model.parameters():

param.requires_grad = False

def unfreeze(model):
for param in model.parameters():

param.requires_grad = True

def get_classifier_head(input_dim, output_dim, name="concat"):

print (’Using classification head ’, name)
fe = Nomne
cls = None

if name == "autoencoder'":
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pass
i1f name == "avg_arcface":

fe = nn.Sequential(
nn.AdaptiveAvgPool2d((1, 1)),
Flatten(),

nn.BatchNormid (input_dim),
nn.Linear(input_dim, 512),

nn.LeakyReLU(),

nn.BatchNorm1d (512),

nn.Dropout (p=0.5),

nn.Linear(512, 512),
nn.BatchNorm1d (512)

)
cls = ArcMarginProduct (512, output_dim)

if name == "arcface'":

fe = nn.Sequential(
AdaptiveConcatPool2d((1, 1)),
Flatten(),

nn.BatchNormld (input_dim),
nn.Dropout (p=0.25),

nn.Linear(input_dim, 512),
nn.LeakyReLU(),
nn.BatchNorm1d(512),
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nn.Dropout (p=0.5),

nn.Linear(512, 512),
nn.BatchNorm1d (512)

)
cls = ArcMarginProduct (512, output_dim)

1f name == "std":
fe = nn.Sequential(

GlobalStdPool2d(flatten=True),

nn.BatchNormid (input_dim),
nn.Linear (input_dim, 512),

nn.LeakyReLU(),

nn.BatchNorm1d (512),
nn.Dropout (0.5),
nn.Linear(512, 512),
nn.LeakyReLU()

)

cls = nn.Linear (512, output_dim)

if name == "meanstd'":
fe = nn.Sequential(
MeanStdConcatPool2d (),

Flatten(),

nn.BatchNormid (input_dim),

nn.Linear (input_dim, 512),



nn.LeakyReLU(),

nn.BatchNorm1d (512),
nn.Dropout (0.5),
nn.Linear(512, 512),
nn.LeakyReLU()

)

cls = nn.Linear(512, output_dim)

if name == '"concat2'":

fe = nn.Sequential(

AdaptiveConcatPool2d ((1, 1)),

Flatten(),

nn.BatchNormld (input_dim),

nn.Linear(input_dim, 512),

nn.LeakyReLU(),

nn.BatchNorm1d(512),
nn.Linear(512, 512),
nn.LeakyReLU(),

nn.BatchNorm1d (512),

nn.Dropout (p=0.5)
)

cls = nn.Linear (512, output_dim)

if name == "concat':

fe = nn.Sequential(
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AdaptiveConcatPool2d((1, 1)),
Flatten(),

nn.BatchNormid (input_dim),
nn.Linear (input_dim, 256),
nn.LeakyReLU(),

nn.Dropout (0.5)

)

cls = nn.Linear(256, output_dim)

if name == "avg2":

fe = nn.Sequential(
nn.AdaptiveAvgPool2d ((1, 1)),
Flatten(),

nn.BatchNormld (input_dim),
nn.Linear(input_dim, 512),

nn.LeakyReLU(),

nn.BatchNorm1d(512),
nn.Dropout (0.5),
nn.Linear(512, 512),
nn.LeakyReLU()

)

cls = nn.Linear(512, output_dim)

1f name == "avg":

fe = nn.Sequential(
nn.AdaptiveAvgPool2d ((1, 1)),
Flatten(),
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nn.BatchNormld (input_dim),
nn.Dropout (0.5),
nn.Linear(input_dim, 256),
nn.LeakyReLU()

)

cls = nn.Linear (256, output_dim)

if name == "max":

fe = nn.Sequential(
nn.AdaptiveMaxPool2d((1, 1)),
Flatten(),

nn.BatchNormid (input_dim),
nn.Linear (input_dim, 256),
nn.LeakyReLU(),

nn.Dropout (0.5)

)

cls = nn.Linear (256, output_dim)

if name == "simple_avg":

fe = nn.Sequential(
nn.AdaptiveAvgPool2d ((1, 1)),
Flatten(),

nn.BatchNormid (input_dim)

)

cls = nn.Linear(input_dim, output_dim)

1f name == "one_layer_fc":
fe = nn.Sequential(

nn.AdaptiveAvgPool2d ((1, 1)),



Flatten(),
)

cls = nn.Linear(input_dim, output_dim)

return FeatureExtractorHead(extractor=fe, classifier=cls)

class Net(nn.Module):
nn
efficientnet-b0-224
efficientnet-b1-240
efficientnet-b2-260
efficientnet-b3-300
efficientnet-b4-380
efficientnet-b5-456
efficientnet-b6-528
efficientnet-b7-600

def __init__(

self,

num_classes: int,

n_features: int = 2048,

arch: str = "se_resnext50_32x4d",
class_head_name: str = '"one_layer_fc",
init_bias: Optional[float] = None):

super () . __init__Q

self.arch = arch
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self.n_features = n_features

self.init_bias = init_bias

if "lukemelas" in arch:

arch = arch.split("_") [1]

self.body = EfficientNet.from_pretrained(arch)
else:
self.body = timm.create_model(arch, pretrained=True)

self.classification_head = get_classifier_head(n_features, num_classes

self.fill_bias()

def fill_bias(self):

bias = self.init_bias

if bias is not None and hasattr(self.classification_head.cls, "bias"):
print (f"Initializing bias with {bias}")

nn.init.constant_(self.classification_head.cls.bias, bias)

def forward(self, x):

1if "lukemelas" in self.arch:

x = self.body.extract_features(x)
else:

x = self.body.forward_features(x)

features, classification_ohe = self.classification_head(x)
classification_ohe_softmax = F.softmax(classification_ohe, dim=1)

classification_logits = torch.argmax(classification_ohe_softmax, axis=
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ret = {

’features’: features,

’logit_ohe’: torch.squeeze(classification_ohe),

’logit_ohe_softmax’: torch.squeeze(classification_ohe_softmax),
’logit’: classification_logits,

’logit_prob_positive’: 1 - torch.squeeze(classification_ohe_softmax) [:

+

return ret

class OneClassNet (Net):

def __init__(self, num_classes: int = 1,
n_features: int = 2048,

arch: str = "se_resnext50_32x4d",
class_head_name: str = "one_layer_fc",
init_bias: Optional[float] = None

) :

assert num_classes ==

super().__init__(num_classes=num_classes,
n_features=n_features,

arch=arch,
class_head_name=class_head_name,

init_bias=init_bias)

def forward(self, x):

if "lukemelas" in self.arch:
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x = self.body.extract_features(x)
else:

x = self.body.forward_features(x)

features, logits = self.classification_head(x)
ret = {

’backbone_features’: x,

’features’: features,

’logits’: logits,

+

return ret

def predict(self, x):

res = self.forward(x)

return res["features"], res['"backbone_features"], res["logits"]

class MaskOneClassNet(Net):

def __init__(self, num_classes: int = 1,
n_features: int = 2048,

arch: str = "se_resnext50_32x4d",
class_head_name: str = '"one_layer_fc",
init_bias: Optional[float] = None

)

assert num_classes ==



super () .
n_features=n_features,
arch=arch,
class_head_name=class_head_name,

init_bias=init_bias)

self .mask_branch = nn.Sequential(

nn.Dropout2d(0.5),

nn.Conv2d(n_features, 256, kernel_size=1),

nn.BatchNorm2d (256) ,

nn.ReLU(inplace=True),

nn.Conv2d (256, 256, kernel_size=1),
nn.BatchNorm2d (256) ,

nn.ReLU(inplace=True),

nn.Conv2d (256, 1, kernel_size=1),

def forward(self, x):

if "lukemelas" in self.arch:

x = self.body.extract_features(x)
else:

x = self.body.forward_features(x)

features, logits = self.classification_head(x)

mask = self.mask_branch(x).sigmoid()

init__(num_classes=num_classes,
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melanoma = mask * logits.view(-1, 1, 1, 1)

melanoma = melanoma.sum(dim=(2, 3)) / (mask.sum(dim=(2, 3)) + le-4)

ret = {

’backbone_features’: x,

’features’: features,
’logits’: melanoma,
’mask’: mask

+

return ret

def predict(self, x):

res = self.forward(x)

return res["features"], res['"backbone_features"], res["logits"]
import math
import torch

from torch.optim.optimizer import Optimizer, required

from catalyst.dl import registry

@registry.Optimizer

class RAdamMy(Optimizer):

def __init__(self, params, lr=le-3, betas=(0.9, 0.999), eps=le-4, weig
if not 0.0 <= 1lr:

raise ValueError("Invalid learning rate: {}".format(lr))

if not 0.0 <= eps:
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raise ValueError("Invalid epsilon value: {}".format(eps))

if not 0.0 <= betas[0] < 1.0:

raise ValueError("Invalid beta parameter at index 0: {}".format(betasl[
if not 0.0 <= betas[1] < 1.0:

raise ValueError("Invalid beta parameter at index 1: {}".format(betas[

defaults = dict(lr=1r, betas=betas, eps=eps, weight_decay=weight_decay
self.buffer = [[None, None, None] for ind in range(10)]

super (RAdamMy, self).__init__(params, defaults)

def __setstate__(self, state):

super (RAdamMy, self).__setstate__(state)

def step(self, closure=None):

loss = None
if closure is not None:

loss = closure()

for group in self.param_groups:

for p in group["params"]:
if p.grad is None:
continue

grad = p.grad.data.float()
1f grad.is_sparse:

raise RuntimeError("RAdam does not support sparse gradients")

p_data_fp32 = p.data.float()



state = self.state[p]

if len(state) ==

state["step"] = 0

state["exp_avg"] = torch.zeros_like(p_data_fp32)
state["exp_avg_sq"] = torch.zeros_like(p_data_fp32)

else:

state["exp_avg"] = state["exp_avg"].type_as(p_data_fp32)
state["exp_avg_sq"] = state["exp_avg_sq"].type_as(p_data_fp32)

exp_avg, exp_avg_sq = state["exp_avg"], state["exp_avg_sq"]

betal, beta2 = group["betas"]

exp_avg_sq.mul_(beta2).addcmul_(1 - beta2, grad, grad)
exp_avg.mul_(betal) .add_(1 - betal, grad)

state["step"] += 1

buffered = self.buffer[int(state["step"] % 10)]
if state["step"] == buffered[0]:

N_sma, step_size = buffered[1], buffered[2]
else:

buffered[0] = state["step"]

beta2_t = beta2 ** state["step"]

N_sma_max = 2 / (1 - beta2) -1
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N_sma = N_sma_max - 2 * state["step"] * beta2_t / (1 - beta2_t)

buffered[1] = N_sma

# more conservative since it’s an approximated value
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if N_sma >= b5:
step_size = math.sqrt(
(1 - beta2_t)
* (N_sma - 4)

/ (N_sma_max - 4)

*

(N_sma - 2)

/ N_sma

* N_sma_max

/ (N_sma_max - 2)

) / (1 - betal ** state["step"])

else:

step_size = 1.0 / (1 - betal *x state["step"])

buffered[2] = step_size

if group["weight_decay"] != O:
p_data_fp32.add_(-group["weight_decay"] * group["lr"], p_data_fp32)

# more conservative since it’s an approximated value

1if N_sma >= 5:

denom = exp_avg_sq.sqrt().add_(group["eps"])
p_data_fp32.addcdiv_(-step_size * group["lr"], exp_avg, denom)
else:

p_data_fp32.add_(-step_size * group["lr"], exp_avg)

p.data.copy_(p_data_fp32)

return loss
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class PlainRAdam(Optimizer) :

def __init__(self, params, lr=1le-3, betas=(0.9, 0.999), eps=le-8, weig
if not 0.0 <= 1r:

raise ValueError("Invalid learning rate: {}".format(lr))

if not 0.0 <= eps:

raise ValueError("Invalid epsilon value: {}".format(eps))

if not 0.0 <= betas[0] < 1.0:

raise ValueError("Invalid beta parameter at index O: {}".format(betasl[
if not 0.0 <= betas[1] < 1.0:

raise ValueError("Invalid beta parameter at index 1: {}".format(betas[

defaults = dict(lr=1r, betas=betas, eps=eps, weight_decay=weight_decay

super(PlainRAdam, self).__init__(params, defaults)
def __setstate__(self, state):

super (PlainRAdam, self).__setstate__(state)

def step(self, closure=None):

loss = None
if closure is not None:

loss = closure()
for group in self.param_groups:
for p in group["params"]:

if p.grad is None:

continue
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grad = p.grad.data.float()
if grad.is_sparse:

raise RuntimeError ("RAdam does not support sparse gradients")

p_data_fp32 = p.data.float()

state = self.state[p]

if len(state) ==

state["step"] = 0

state["exp_avg"] = torch.zeros_like(p_data_fp32)
state["exp_avg_sq"] = torch.zeros_like(p_data_fp32)

else:

state["exp_avg"] = state["exp_avg"].type_as(p_data_fp32)
state["exp_avg_sq"] = state["exp_avg_sq"].type_as(p_data_fp32)

exp_avg, exp_avg_sq = state["exp_avg"], state["exp_avg_sq"]

betal, beta2 = group["betas"]

exp_avg_sq.mul_(beta2).addcmul_(1 - beta2, grad, grad)
exp_avg.mul_(betal) .add_(1 - betal, grad)

state["step"] += 1
beta2_t = beta2 ** state["step"]
N_sma_max = 2 / (1 - beta2) -1

N_sma = N_sma_max - 2 * state["step"] * beta2_t / (1 - beta2_t)

if group["weight_decay"] != 0O:
p_data_fp32.add_(-group["weight_decay"] * group["1lr"], p_data_fp32)



# more conservative since it’s an approximated value
1if N_sma >= 5:

step_size = (

group["1r"]

* math.sqrt(

(1 - beta2_t)

* (N_sma - 4)

/ (N_sma_max - 4)

*

(N_sma - 2)

/ N_sma

* N_sma_max

/ (N_sma_max - 2)

)

/ (1 - betal **x state["step"])

)

denom = exp_avg_sq.sqrt() .add_(group["eps"])
p_data_fp32.addcdiv_(-step_size, exp_avg, denom)
else:

step_size = group["1lr"] / (1 - betal **x state["step"])

p_data_fp32.add_(-step_size, exp_avg)

p.data.copy_(p_data_fp32)

return loss

class AdamW(Optimizer):

def __init__(
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self, params, lr=1e-3, betas=(0.9, 0.999), eps=le-8, weight_decay=0, w
)

if not 0.0 <= 1r:

raise ValueError("Invalid learning rate: {}".format(lr))

if not 0.0 <= eps:

raise ValueError("Invalid epsilon value: {}".format(eps))

if not 0.0 <= betas[0] < 1.0:

raise ValueError("Invalid beta parameter at index O: {}".format(betasl[
if not 0.0 <= betas[1] < 1.0:

raise ValueError("Invalid beta parameter at index 1: {}".format(betas[

defaults = dict(
lr=1r, betas=betas, eps=eps, weight_decay=weight_decay, warmup=warmup
)

super (AdamW, self).__init__(params, defaults)

def __setstate__(self, state):

super (AdamW, self).__setstate__(state)

def step(self, closure=None):
loss = None
if closure is not None:

loss = closure()
for group in self.param_groups:
for p in group["params"]:

if p.grad is None:

continue
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grad = p.grad.data.float()

if grad.is_sparse:

raise RuntimeError(

"Adam does not support sparse gradients, please consider SparseAdam in

)

p_data_fp32 = p.data.float()

state = self.state[p]

if len(state) ==

state["step"] = 0

state["exp_avg"] = torch.zeros_like(p_data_fp32)
state["exp_avg_sq"] = torch.zeros_like(p_data_fp32)

else:

state["exp_avg"] = state["exp_avg"].type_as(p_data_fp32)
state["exp_avg_sq"] = state["exp_avg_sq"].type_as(p_data_fp32)

exp_avg, exp_avg_sq = state["exp_avg"]l, state["exp_avg_sq"]

betal, beta2 = group["betas"]

state["step"] += 1

exp_avg_sq.mul_(beta2).addcmul_(1 - beta2, grad, grad)
exp_avg.mul_(betal) .add_(1 - betal, grad)

denom = exp_avg_sq.sqrt().add_(group["eps"])
bias_correctionl = 1 - betal ** state["step"]

bias_correction2 = 1 - beta2 ** state["step"]
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if group["warmup"] > state["step"]:
scheduled_1lr = 1e-8 + state["step"] * group["1lr"] / group["warmup"]
else:

scheduled_lr = group["lr"]

step_size = (
scheduled_1lr * math.sqrt(bias_correction2) / bias_correctionl

)

if group["weight_decay"] !'= O:
p_data_fp32.add_(-group["weight_decay"] * scheduled_lr, p_data_fp32)

p_data_fp32.addcdiv_(-step_size, exp_avg, denom)

p.data.copy_(p_data_fp32)

return lossfrom .warmup import GradualWarmupScheduler
from torch.optim.lr_scheduler import _LRScheduler

from torch.optim.lr_scheduler import ReduceLROnPlateau

class GradualWarmupScheduler (_LRScheduler) :
""" Gradually warm-up(increasing) learning rate in optimizer.

Proposed in ’Accurate, Large Minibatch SGD: Training ImageNet in 1 Hou

Args:
optimizer (Optimizer): Wrapped optimizer.

multiplier: target learning rate = base 1r * multiplier if multiplier
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total_epoch: target learning rate is reached at total_epoch, gradually

after_scheduler: after target_epoch, use this scheduler(eg. ReduceLROn

def __init__(self, optimizer, multiplier, total_epoch, after_scheduler
self .multiplier = multiplier

1f self .multiplier < 1.:

raise ValueError(’multiplier should be greater thant or equal to 1.7)
self.total_epoch = total_epoch

self.after_scheduler = after_scheduler

self.finished = False

super (GradualWarmupScheduler, self).__init__(optimizer)

def get_lr(self):

if self.last_epoch > self.total_epoch:

1f self.after_scheduler:

i1f not self.finished:

self.after_scheduler.base_lrs = [base_lr * self.multiplier for base_lr
self.finished = True

return self.after_scheduler.get_last_1lr()

return [base_lr * self.multiplier for base_lr in self.base_lrs]

1f self .multiplier == 1.0:

return [base_lr * (float(self.last_epoch) / self.total_epoch) for base
else:

return [base_lr * ((self.multiplier - 1.) * self.last_epoch / self.tot

self.base_lrs]

def step_ReducelLROnPlateau(self, metrics, epoch=None):
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1f epoch 1s None:

epoch = self.last_epoch + 1

self.last_epoch = epoch if epoch != 0 else 1 # ReduceLROnPlateau is ¢
if self.last_epoch <= self.total_epoch:

warmup_lr = [base_lr * ((self.multiplier - 1.) * self.last_epoch / sel
self .base_lrs]

for param_group, lr in zip(self.optimizer.param_groups, warmup_lr):
param_group[’lr’] = 1r

else:

if epoch is None:

self.after_scheduler.step(metrics, None)

else:

self.after_scheduler.step(metrics, epoch - self.total_epoch)

def step(self, epoch=None, metrics=None):

if type(self.after_scheduler) != ReducelLROnPlateau:
1f self.finished and self.after_scheduler:

1f epoch 1is None:

self.after_scheduler.step(None)

else:

self.after_scheduler.step(epoch - self.total_epoch)
self._last_lr = self.after_scheduler.get_last_lr()
else:

return super (GradualWarmupScheduler, self).step(epoch)
else:

self.step_ReducelLROnPlateau(metrics, epoch)



