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Puc. 8. BxinHi 1 Buxiasi 1adi GuibTpa 3 Kpokom 1

Ha Puc. 9 300paxeHo ¢uibTp 3 KpoKOM 2, BUKOPHUCTAaHHS SKOTO IPU3BOJUTH JI0
3MEHILEHHS JaHUX Ha BUXOMl. SIK mpaBuio, KpokK (uUIbTpy 30UIBIIYIOTH JUIsl 3MEHILEHHS
MEPEKPUTTS PELIENITUBHUX TOJIIB Ta 3MEHILIEHHS KUIbKOCTI JaHUX Ha BUXOA1 (QUIbTpA.

Puc. 9. BxinHi 1 Buxiasi 1adi GuibTpa 3 KpOKOM 2

Tenep npapaiite morisHemo Ha Bigctymn. Lo BigOyaerbes, SIKIIO 3acTOCYBAaTH TpHU
¢ubTpu 5x5x3 10 BXIIHUX JaHuX po3MipoM 32x32x3? Posmip BuxigHux Oyae 28x28x3.
Ockutbku 3HM nobyznoBaHa Ha 3aCTOCYBaHHI psJly 3TOPTKOBHUX IIAPIB, TO PO3MIP BUXIIHUX
JAHUX TICIIs 3aCTOCYBAHHS KOXKHOTO 3 HUX 3MEHIITYBATUMETHCS IIBHUIIIC, HDK XOTUI0CSA 0. Y
pPaHHIX IIapax MEepeki MU X04eMO 30eperTH MakCUMajbHYy KUIBKICTh 1H(OpMalii Ipo BXiIHI
naHi. CkaxiMO, MM XO4Y€MO 3aCTOCYBaTH OJIMH 1 TOH K€ 3rOPTKOBHU IIap, aje Xxo4emo, oo
o0cAr BUXIIHUX JaHuX 3anumiaBcs 32x32x3. J[is uboro Mu MOKEMO 3aCTOCYBATH HYJIbOBUI
BIJICTYIl po3Mipy 2 110 uporo mapy. HynboBuil BiacTyn 30UIblIye po3Mip MAaTpULl BXIAHUX
JAHKUX 32 JOTIOMOTOI0 J1I0JJaBaHHS HYJIB «HABKOJIO».

Ha Puc. 10 300paxkeHo BXigHI JaHi, MPEACTaBICHI MAaTpUICIO 3 po3MipoMm 32x32x3.
Ao momaTw HyNl «HABKOJIO», MM OTPHUMAaEMO MaTpuIfo 3 po3mipom 36x36x3. Ilicms
3aCTOCYBaHHS 3rOPTKOBOTO Imiapa 3 3-ma ¢puibTpaMu 5x5X3 1 KpokoM 1, OTpUMaeMO BUXIIHY
MaTpPHIIIO BCE TOTO X po3Mipy — 32x32x3. [3]
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Puc. 10. Bxigni gani po3mipom 32x32x3 3 BiaCTYnom — 2

SAxio po3mip Kpoky — 1 1 po3mip BIACTYITY 3a1aTH 32 POPMYIIOIO:

P==—, 3)

ne K - posmip ¢uibTpy. Po3Mip MaTpuil BXIAHMX AAHUX 3aBXKAU JOPIBHIOBATH PO3MIPY
MaTpHIll BUXITHUX JTaHUX.

®opmyna a1 00paxyHKy po3MIpiB BUXIIHUX JaHUX 7S OYb-SIKOTO 3rOPTKOBOTO LIApy
Ma€ HaCTYITHUM BUIJIAL;

L, 4)

ne O — BuxijHa BUcoTa abo mupuHa, W — BXijiHa BUcoTa abo mupuHa, K — po3mip ¢insTpa, P
— BIACTYM, S — KPOK.

Buoip napamerpiB HaBYaHHA

SIK BU3HAUUTH, CKUIBKU IIApIB CJI1 BUKOPUCTOBYBATH, CKUIBKH 3rOPTKOBUX LIapiB, SKi
po3Mipu QUIBTPIB Ta 3HAUYEHHA JJs KpOKy 1 Biactyny? lle He TpuBiajgbHI MUTAaHHS 1 HEMAE
BCTAHOBJICHOTO CTAHJAPTY, KU BUKOPUCTOBYIOTH YC1 NOCHIIHUKU. Lle mosicHIoeThCS TUM,
10 Mepe)ka 3HAYHOIO MIPOIO 3aJIEKUTh BiJ] THILY JaHUX, 3 IKUMHU BOHA mpaltoe. JlaHi MOXYTh
BIJIPI3HATHUCS 32 PO3MIPOM, CKIIAQJHICTIO 300pakeHHsI, TUIIOM 3aBJIaHHS 00pOOKH 300pa’keHb
tomo. OnuMH 13 croco6iB oOpaTu mapameTpu — 1€ 3HAWTH TPaBUIILHY KOMOIHAIlIIO, sKa
CTBOPIOE a0CTpaKIlii 300pa)KeHHsI Y HAIS)KHOMY MacITaoi.
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ReLU (Rectified Linear Units) mapu

[Ticnst KOXHOro 3ropTKOBOTO IIApy MPHUHHATO 3aCTOCOBYBATH HENIHIMHUN map (abo
map akTuBanii). MeTor 11b0oTo 1mapy € BBEIEHHS HENIHIHHOCTI B CUCTEMY, 5IKa B OCHOBHOMY
pocTo 0OpaxoBye JiHIMHI onepaii mijg yac 3aCTOCYBaHHS 3TrOPTKOBHX IIapiB (MHOXKEHHS 1
JI0JIaBaHHs €JIeMEHTIB). B MuHynoMy 3acTocoByBanucsl HeMiHIMHI QyHKIIL, Taki K tanh 1
sigmoid, ane mocmimHuku 3’scyBaynu 1mo RelLU mapu mpartoroTe 3HAYHO Kpaiie, TO My 0
Mepeka Ma€ 3MOTy HaBUaTHCS 3HAUYHO LIBUIIE (depe3 OOUMCIIOBAIbHY €(EKTUBHICTH) 0e3
iIcTOTHOT pi3HUIII B TOYHOCTI. lle Takok momomarae MOJErmmTH TPOOJIEeMYy 3HUKAIOUOTO
rpajii€HTa, 1Mo € MPoOJIEeMOI0, KOJM HIDKHI IIapu MEPEkKi HABYAIOTHCA YK€ MOBUILHO, Yepe3
rpajiieHT MmO eKcrnoHeHiiitHo 3meHmryethes. [llap ReLU 3acrocoBye  dyHKITiO
f (x): max(O,x) 710 BCIX BXIIHUX 3HaueHb. KOpOTKO KaxKyuH, 1151 PYHKIIISI IPOCTO 3aMIHIOE

Bcl HeraTuBHI 3Ha4eHHs Ha 0. ReLU map 3011bl1y€e HENiHIMHI BIaCTUBOCTI MOJEI1 Ta MEPEXK1
B 3arajbHOMY, HE BIIMBAIOYM Ha PELIENTUBHI MTOJISI 3STOPTKOBOTO 11apy. [5]

lapu 06’ennanns (Pooling layers)

Iicns nesxnx mapis ReLU po3poGHUKH MOKYTh 3aCTOCYBATH Inap o0 exHanHs. Moro
TaKOX Ha3MBalOTh IIAapOM 3MEHLIEHHs. B 1ifl karteropii iCHye TakoX KUIbKa BapiaHTIB,
HaUNOMyJIAPHIIMM € MakciyliHr (maxpooling, puc. 11). Takuil migxin 3acTocoBye QuUIBTP
(3a3Buuail po3MipoM 2x2) 3 KPOKOM TaKoro x po3mipy. OuUIbTp 3aCTOCOBYETHCS 10 BXIIHUX
JAHMX 1 3QJIMILIAE JIMIIE MaKCUMaJIbHE 3HAUYEHHS B KOKHIN 3 00J1aCTel 3ropHyTUX (QUILTPOM.

[Hmn migxoau 10 00’ €HAHHSA — 1€ cepeHe 3HaUeHHA Ta L2-norm, sika BU3HAYa€ThCs 32
dhopmyroro:

)

SR N -

N = O O

B O o W
=
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Puc. 11. Makcnynisr 3 GpiabTpoM po3MipoM 2x2 1 KpOKOM 2

Komn mu ni3Haemocs, mo crneundiyHa XapaKTepUCTUKA € y BXITHUX AaHUX (B LiH
oOnacti Oyne BUCOKE 3HAUEHHs aKTHBallli), 1i TOYHE pO3TalllyBaHHS HE TaK BAXKJIMUBE SK
BITHOCHE pO3TalllyBaHHS BIAHOCHO IHIIUMX XapakTepuctuk. ReLU map pgyxe mBuiako
3MEHILye po3Mipu (IOBXKHMHY 1 IIMPUHY, ajle He TIIHMOMHY) BXIIHUX JaHuX. Taki
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TpaHcopMalii MaroTh 2 OCHOBHI Ll [lepia — 3MeHIIeHHs! KUIbKOCTI mapaMeTpiB abo Bar
Ha 75%, 1m0 3MeHIIye CKIaJHICTh O0OuncieHb. Jlpyra — KOHTpOIb HepeHasuaHHs
(overfitting). 1le TOHATTS OMHUCY€E TPOIEC MPH SIKOMY MOJIEIh HACTUIBKM HajallTOBaHA Ha
HaBYaJbHI MPUKIIAIN, 10 HE B 3MO31 y3araJIbHUTH JIaH1 JJIs TIEPEBIPKU HA TECTOBUX JIAHMX.
CUMNTOMOM TI€pEeHaBYaHHS € HasBHICTH Mojeni, ska Bumae 100% abdo 99% pesynbpTaT Ha
HaBYAJIbHUX JIaHUX, aje jguiie 50% pe3ynbTaT Ha TECTOBUX JaHUX.

Ilapu BinciBanus (Dropout Layers)

[Tapu BifciBaHHS MalOTh AyXe crieuu(iuny QyHKLI0 B HEHpOHHUX Mepexkax. Lleit map
«B1/ICIBa€» BUIAJIKOB1 HAOOPH aKTHUBAIliif, BCTAHOBJIIOIOYM iX 3HAYEHHS PIBHUM HYJIO. SIKi XK
nepeBaru Takoro mpocToro 1, 37aBajgocs 0, HeMOTpPiIOHOTO 1 HeIHTYiTUBHOTO npouecy? Taxuit
MIAXT 3MYIIye Mepexy 3abe3nedyBaTd MpaBWIbHY KIacU(IKalil0 pe3yibTary s
KOHKPETHOTO MPUKIIAy, HABITh SKIIO JEeSAK1 3 akTUBaIlii BinkuHyTi. Lle rapanTye, mmo mepexa
HE CTaHe 3aHAATO «IIPUCTOCOBAHOIO» /10 HABYAIBHHUX JaHHUX, a OTXKE, 3HUKYE UMOBIPHICTH
BUHUKHEHHS TpoOJieMu IepeHaBYaHHs (IepeHacuuyeHHs). Baprto 3a3Haumtu, ned map
BUKOPHUCTOBYETHCSA JIUIIIE IT1]] YaCc HaBYaHHsI, ajie He M1 yac TecTyBaHHS. [11]

Ilap mepewxi B Mepe:xi (Network in Network Layers)

[Map mepexi B Mepexi MOCHIAETHCS HA 3rOpTKOBUM map 3 ¢uibTpoMm po3Mmipy 1x1.
Bunukae nuTaHHs, YoMy LIeH 11ap € KOPUCHUM, OCKUIbKHM PELIENITUBHI MOJIs 3a3BUYail OUIbIIi
3a IpoCTIp, Ha KU BOHU BigoOpaxaroTbes. OnHaK, 3ropTka po3mipoMm 1x1 oxoritoe neBHy
NIUOUHY, TOMY TaKy 3TOpPTKY HEOOXITHO PO3IJIsAaTh sK 3roptky po3mipom 1xI1xN, ne N —
KUIBKICTh (UIBTPIB 3aCTOCOBAaHMX B LboMy Inapi. PaktuyHo 1eill map BukoHye N-D
eJIeMeHTapHe MHOKEHHsI, /ie N — riuOuHa BXITHUX JaHuX mapy. [10]

Kanacudikaunis, nokanizanisi, BUsIBJIeHHS, cerMeHTalis

Kanacudikanis 300paxeHs - 11¢ mporiec OTpUMaHHS BXITHOTO 300pakKeHHS 1 BUBEICHHS
HOMEpYy abo0 Ha3BM Kiacy 3 Habopy Kareropi. Ajne s 3aaadi JokaJgizamii 00’€KTiB
MOTpiOHO HE JIMIIIE BU3HAYUTH KJIAC, a 1 CTBOPUTU OOMEXKYBAJIbHY PAaMKYy, sIKa OMHUCYE, e
00’€KT 3HAXOUTHCS HA 300pakKeHHI.

Takox € 3aBIaHHSI BUSIBJIEHHSI 00’€KTIB, Ji¢ JIOKali3allisd ITIOBUHHA 3JIHCHIOBATHCS Ha
BCiX 00’ekTax 300pakeHHs (puc. 12, 13). Takum unHOM 3’SBISE€THCS KUTbKa 0OMEXYBAIbHIX
MOJTIB 1 ICK1IbKA KJIACIB.

Puc. 12. Knacudikaiiist — Bu3HaueHHs 110 300pakeHHs 11e cobaka
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Puc. 13. Jlokanizaiiss — BU3HaU€HHS KJIacy Ta 3HaXO/PKEHHS 00’ €KTa Ha 300pa’KeHH1

Tpancdepne napuanus (TransferLearning)

[TomupeHna nmoMuika y CHUIBHOTI MAalIMHHOIO HaBYaHHS MOJISITa€ B TOMY, IO 0e3
BEIMYE3HUX 00’eMiB maHux (Takux sk B Google), MU HE MaeMO MOKJIMBOCTI CTBOPHUTHU
edeKkTHBHI MOJel TIMOOKOro HaBYaHHA. XoOdYa JIaHl € BaXXJIMBOI YAaCTUHOK CTBOPECHHS
Mepexi, 11es TpaHCPEepHOTO HaBYaHHSA JOMOMOrja 3MEHUIUTH BUMOTU JIO JIaHUX.
TpancdepHe HaBYaHHSI — 1€ MPOLIEC B3ATTA IMONEpPEAHbO HABYEHOI Mojeil (Baru Ta
rmapaMeTpyu MeEpexki, sika Oyna HaBY€HA Ha BEIUKIM KUIBKOCTI JAHUX KUMOCH IHIIMM) 1
«TOHKOTO HaJallITyBaHHs» MOJIEN1 3 HAlllUM BJIaCHUM HaOOpoOM JaHuX. lnes mossirae B Tomy,
0 L TONEpeHbO HAaBUYE€HA MOjeib OyJe BUCTYNATH B SIKOCTI €KCTpakTopa O3HaK. Mu
BUJIy4a€MO OCTaHHIN 11ap Mepeki 1 3aMIHAEMO HOro BJIaCHUM Ki1acu(iKaTopoM (3aJIe)KHO Bl
obOnacti 3amaui). Jlami MM 3aMOpOKyeEMO Baru BCIX IHIIMX [IApiB 1 HABYAEMO MEPEXKY
CTaHJIAPTHUM CIIOCOOOM (3aMOPOKEHHS 03Hayae 3a00pOHY 3MIH Bar Mij 4ac ONTUMI3aLlii).

Puc. 14. Bussiennst 00’€KTiB — JIOKai3al(ist KUILKOX 00’ €KTIB

3aBaaHHs cerMeHTallii 00’ €KTiB — 116 BU3HAYCHHS KJIACY Ta KOHTYPY KOKHOTO 00’ €KTa
y BXiTHOMY 300paxkeHHi (puc. 15). [4]
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e SRR e e i RS
Puc. 15. CermenTarrist 00’€KTiB — BU3HaUEHHS KJIacy 00’ €KTa Ta HOTO BUIUICHHS Ha
BX1JJHOMY 300pakeHH1

Posrisinemo, yomy 11e npaigroe. I[Ipunycrumo, nonepeaHbo MiAroToBI€HAa Moieib Oyia
HaBueHa Ha ImageNet (ImageNet — HaOip AaHuX, 10 MICTUTH 14 MUIBHOHIB 300pa)KeHb 3
ot HK 1000 kmacamm) [2]. Konu Mu roBopuMo mpo HU3BKOPIBHEBI IIApU MEPEXK1, MU
3HA€MO, 110 BOHM OyAyTh BMSIBJISITH Taki pucH, sk peOpa Ta kpusl. Temep, SKIIO B Hac HE
IyXe YHIKaJIbHUN HpOCTip mpobiieM 1 Hablp JaHUX, Mepexi NOTpIOHO Oyae BUSIBUTH KPHBI 1
pebpa. 3amicTh TOTO, MO0 HABYATH MEPEXKY Uepe3 IHIIIami3amilo Bar BHUIAJAKOBUMHU
3HAYEHHSMU, MU MO’KEMO BUKOPHUCTATH Baru B>KE€ HABUEHOT MOJIEN1 1 30CEpeIMTUCS Ha OUIbII
BKJIMBHX I HABYAHHS Iapax. Ko >k Haml Hallp 1aHuX aOCOJFOTHO 1HIIWKM HDK TOW 110 B
ImageNet, Tomi HeOOXimHO 3OUIHPIIMTH KUIBKICTh IIApPIB 1 3aMOPO3UTH JIMIIE KUIbKA
HIDKHIX. [9]

Metoam 36i1b1IeHHS JaHUX

Posrnsinemo, sk MoOHA 30UTHPIIMTH ICHYIOUMA HAOIp MaHWX JIHMIIE 3a JIOMOMOTOIO
KUTBKOX JIETKHX MEPETBOPEHB. SIK BKe 3rajyBajocsl paHille, KOJM KOMIT IOTep OTPUMYE Ha
BX11 300pakeHHsI, BIH OTPUMY€E HOTO y BUJIl MAacUBY UYHCEN, IO IMPEACTaBISAIOTH IMIKCEI.
[Ipunyctumo, 1o Bce 300pa)KeHHS 3MINIYETHCS BIIBO HA OJMH MiKcenb. i MOOUHU 1S
3MiHa HenoMmiTHa. OAHAK A KOMII'IOTepa 1ei 3CyB MOe OyTH JOCUTh 3HAaYHUM, OCKLIbKU
KJIac 300pa)XK€HHS HE 3MIHIOEThCSA, a MacuB MiKceNniB — Tak. [limxoau, mo 3MIHIOIOTH
HaBYaJIbHI JlaHl crnocobaMu, $AKi MOAMDIKYIOTh IMOJAaHHS MacuBy, 30epiraroud Kiac
300pakeHHs, BIOM1 SIK MeTOoaM 30lIblIeHHs1 JaHMX. BoHuM € crmocoOoM MITy4HOTO
po3iKpeHHs: Habopy AaHuX. Takok NOMyASpHUMH MIAXOAAMH € BUKOPUCTAHHS YOPHO-OLINX
300pakeHb, BUMIAKOB1 00pi3aHHs, 00epTaHHs Ta 6arato HIIOro. 3aCTOCYBABIIIH JIUIIIEC KUThKa
LUX MEPETBOPEHb A0 HAaBYAJIBHUX JIAaHUX, MO’KHA JIETKO MOJBOITH a00 MOTPOITH KUIbKICTh
HaBYAJIbHUX TTPUKIIAIIB.

BucnoBku

VY cTarTi po3risiHyTO NOHATTS 3TOPTKOBUX HEMPOHHUX MEPEXK, iX 3B'SI30K 3 010JIOTIEIO Ta
CcTpyKTypy. Jami Ounbmn aeTanbHO pO3IJITHYTO OCHOBHI miapu, mo € B 3HM, omucano ix
poOoTy 3a gomomororo mMareMaTuku. KoskeH 3 miapiB po3IIIHYTO OKpEMO Ta y B3aeMOJIl 3
IHIIMMHU IIapaMU HEHPOHHOT Mepexi.

[TokazaHo sik HEMPOHHI MEpEKi MPAIIOI0Th, Ta K iX MPaBWJIbHO HaB4YaTHU. Po3risHyTO
KUIbKa MIIXO0/IIB 10 HAaBYaHHS HEHPOHHUX MEpEeX Ta MPOCTI CIOCOON BUPILICHHS NOIMUPEHUX
nmpoOJyieM, 110 BUHUKAIOTh NPH HAaBYaHHI: 30UIBIICHHS 00’€My NaHUX IJIs HaBYaHHS Ta
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BUKOPHUCTAHHS BXKE€ HaBUYCHUX MEPEX K 0a3u Jyisd BUPILIEHHS BY3bKOCIHEI1ad130BaHUX 3a/ay.

HaBeneno napamerpu, 3aBAsSKU KM MO>KHA 3MIHIOBAaTH IIPOLIEC HABUAHHS MEPEXKI.
PosrnsiHyTo KiTbKa HaMMOIIMpEHINMX 3ajad, SKi pPO3B’S3yI0Th 3a JOIOMOTOO

3rOpPTKOBUX HEMPOHHMX MEpex: KiIacuQikalis, JJoKati3alis, BUSBICHHS, CETMEHTAIIIs.
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FEATURES OF APPLICATION OF CONVERSIONAL NEURAL NETWORKS FOR IMAGE
PROCESSING PROBLEMS

Summary. Introduction. Convolutional Neural Networks (CNN) are one of the most influential
innovations in the field of computer vision. For the first time neural networks attracted attention in
2012 at the ImageNet competition. With the help of CNN, a new record of classification errors was set
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- 15% (the previous value was 26%). Today, many well-known companies use deep learning. But the
classic and most popular way to use neural networks is through image processing. Consider how
CNNs are used to classify images.

Purpose. The task of image classification is to process the image and determine the class to
which it belongs (car, animal, etc.) or the group of classes that best characterize it.

Results. The article gives the basic concept and characteristics of convolutional neural
networks, describes the structure and mathematical approaches to the implementation of this type of
neural network. Provided description of the main layers of convolutional neural networks, mentioned
parameters that allow changing the process of training the network. The process of training each of
the neural network’s layer is considered in detail. In addition, described techniques that allow you to
increase the data set and improve the training process of the network only by several transformations.

Conclusion. The concept of convolutional neural networks, their connection with biology and
structure has been considered in the article. The main layers that are found in CNN are discussed in
detail, described their work through mathematics. Each of the layers is considered individually and in
conjunction with the other layers of the neural network.

Described how neural networks work and how to train them properly. Several approaches to
learning neural networks are discussed, as well as simple ways to solve common learning problems:
increasing the amount of data you need to train and using already trained networks as a base for
solving specialized tasks. Here are some options for changing your network's learning process.

The article discusses some of the most common tasks that are solved using convolutional neural
networks: classification, localization, detection, and segmentation.

Keywords: deep learning, machine vision, neural networks, face recognition, convolutional
neural networks, receptive fields, deep learning, neural networks, convolutional neural networks,
classification, localization, detection, segmentation, rectified linear units.
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