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BILUIVB IJISIMA COPUMHSATTS HA IBUIKICTb
TA TOYHICTH PO3II3HABAHHS 3rOPTKOBOI HEHPOHHOI MEPEXI

INFLUENCE OF THE RECEPTIVE FIELD
ON THE SPEED AND ACCURACY OF RECOGNITION
OF THE CONVOLUTIONAL NEURAL NETWORK

VY crarti po3risiHyTa npoOsiema IUIIMUA CHPUHHSTTS Ta Croco0y 3aBAaHHS il
PO3MIpIB 32 JOMOMOTOIO 3MiHH TOIOJIOTIi 3arOPTKOBOI HeMpoHHOI Mepexi. Harmsano
Oy TOKa3aHi CIOCOOM JOCSTHEHHS OJHOTO PO3MIPY IUIAMH CHPUWHATTS Pi3HUMHU
crocobamu, BAKOHAHUH sl JOCTIDKEHb Ta po3po0JIeH] porpamMu AJisi HA0OPIB TaHUX
MNIST Ta Sifar, mo BigoOpakarOTh JOCSITHYTY TOYHICTh pO3MI3HABaHHS Ta
3aTpavyeHMil yac Ha HAaBYAHHS.

Ki11040Bi ¢/10Ba:3ropTKoB1 HEHPOHHI MEPEXi, TUISIMA CIPUUHATTS, TOUHICTb, Yac
HaBYaHHS.

Puc.: 6. bi6m.: 3.

The paper deals with the receptive field problems and methods of its definition
with the help of changing topology of convolutional neural network. With
examplesshown ways how to achieve the same receptive field in different ways, also
performed a number of studies and developed programs for datasets, MNIST and
Cifar, which reflects the achieved recognition accuracy and time spent on training.

Key words: convolutional neural network, receptivefield, accuracy, time of
study.
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Beryn. IIpu moOymoBi cucteMu posmi3HaBaHHS 00pa3iB 3aCHOBAHOI Ha IITYYHIN
HelponHiid Mepexxi (HM) Bubip Tumy Mepeki HaifuacTillie BUPINIEHUN Hamepen — Iie
3roptkoBa HelipoHHa mepexa (3HM). 3amporonoBana B 1988 pomi SIHom JlekyHom
BOHA pPO3poOJieHa Ha 10,001 O010JOTIYHOrO 30pYy 1 30pOBOi KOpW Ta CKIANAETHCA 3
MIPOCTHUX 1 CKJIAIHUX KITITHH, BUKJIMKAJIA CIIpaBxkHii Gypop 1 Bigpoauia iHrepec 10 HM.

HasBa Mepexxa orpumana depe3 HasiBHICTh omepaiiil sroptku. 3HM mae nesky
crietiniky — BOHA MOJIATAE y MEPECTAHOBII 3arOPTKOBUX IIApIB 1 MIapiB CyOaUCKpe-
Th3ali (MyJiHr), o 1 BiAcuiaae ii 70 01070T1YHOTO 30py. Tak y JIOJUHU € TPOCTi
KIITUHH, SKI pearyroTh Ha 3MiHM Tpaji€eHTa, Takl K KyTH 1 JHIT B TEBHINA TOYIll —
aHaJIoT 3rOPTKH; CKJIQJIHI K KIITHHU 1HBApIaHTHI JI0 3CYBIB 1 pearyroTh MPU aKTHBAIil
HaOboOpy MPOCTHUX KIITHH — aHayor myJiHr [1]. Ha Giabin mi3HIX miapax sipa 3ropTKH
MOCTYIMOBO 3MIHIOIOTECS 1 (POPMYIOTH MEBHE CEMaHTHUYHE 3HaueHHs. OCKIIBKU CTPY-
KTypa Mepexi OararoiapoBa — OJHOHAMPABJICHA 1 3aKIHUYEThCS BOHA JCKLIbKOMA
MOBHO3B SI3HUMHM IlIapaMH, BTPAya€eThCsl MPOCTOPOBA CTPYKTypa mikcemiB [2]. Xoua
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caMme Ipoliec BUIyYeHHs aOCTPAKTHUX MOHSTH 3 BUXITHOTO 300paXKeHHs 1 3a0e3meuye
3HM Taky BHCOKY TOYHICTb.

IMocTanoBka 3axaui. Sk yxe Oyjo 3rajaHo, BUIUICHHS CEMAaHTHYHUX O3HAK Ha
MI3HIX eTanax € pe3yJbTaToM psAay 3FOpTOK 1 CyOIUCKpeTH3aliid, OJHAK CIij
pO3yMITH, IO BCl IIi Omepaiii MPOBOAATHCS HAJl MEBHOIO IMOYATKOBOI OOJIACTIO —
iMoo cripuitHATTs (receptivefield) [3]. B uimomy mns 3HM BxigHa kapTUHKA 1 €
300pa)KeHHSIM IO CIPHUIMAEThCsI, OAHAK HEe Bce Tak mpocto. KokHa omepartis (ab6o
Hablp omeparliil) 3ropTKy Hepe]] MyJIIHIOM 3aXOIUTIOE JIMIIE YaCTUHY 300paskeHHs 1 11e
BHU3HAYA€ MOIAJIBITY 00pOOKY.

Jlane nutaHHs cTocyeThes apxitekrypu 3HM, 1 ockiibk ii BUOMpae po3poOHUK,
BHUXOJISTYM 3 KpallUX MPUKIIAIIB, PO3TISIHEMO OIEpallii, 0 CTOCYIOThCS MEPETBOPEHHS
IJISIMA CIIPUAHATTS. TaKoK CITiJT BKa3aTH PO BAXKIIMBICTh 3a3HAUYECHUX HIDKYE METOJIIB —
BCl BOHM 3MEHIIYIOTh 4uCio napamerpiB HM, 1o mokimukane 3HU3UTH OOCSAT O00YHC-
JIeHb 1 IPUCKOPUTH HaBuaHHs/TiepeHaByaHHss 3HM. 3aBnanHs moisirae y BiJICTEXKEHHI
OTPUMAHOI TOYHOCTI 1 YaCy HaBYaHHS TIPU KOKHOMY TT1IXO/II.

Migxonm 10 3MiHM MISIMM CHPUWHATTS Ta 4YMCJI0 nmapaMmertpiB. Jlo Takux
MiXO/IB, SIK HE JTUBHO, BIMHOCHUTHCS 1 MyJiHT. «HaBimo moTpiOeH mysiHT, SKIIO €
GinbTp MoOUIBIIE?» — TaKe MUTAHHS MOXKE IMOCTaBUTH OYyIb-SKHI YBaXXHUHN 1HXKEHED.
Cy6nuckperizaiiisi, moai0HO 70 BEJUKOro (GUIBTPY, MOKIUKAaHA 30UIBIIUTH IJISMY
COPUMHATTS (XOuYa MPH I[bOMY BTpAYaeThbCs JIOKAi3allis) 1 MpPU [bOMY MOCUIUTH
BUJUUICHHSI IIyKaHOI ocoOnuBocTi. Tak mpu mymHry 2 Ha 2 IisiMa CHOPUHHSTTS
301IBIIYETHCS B 2 pa3H.

[Tpunycrtumo, y Hac € 300pakeHHs po3Mipy 8X8 1 MU XOUE€MO OTPUMATH 3 HbOTO
SKICh 0COOJIMBI BIIacTUBOCTI. | TyT moctae BuOip — 3acTOCYyBaTH BENIUKUN QLIbTP ab0
¢binpTp moOMeHIe 1 omeparito mymiHry. [lpunmyctumo, 300paskeHHs Oyso MiAJaHO
3roptii 3 sapoM 3x3 1 Ans OTpUMaHOi KapTH O3HaK 6X6 MM 3acTOCYBaiu
cybauckperTizaiiro BikHOM 2x2. B pe3ynbrari oTpuMaiyi HOBY KapTy O3HAK PO3MipOM
3x3, sAKa MICTUTh HAWOCHOBHIIII 3HAYE€HHS OCOOJMBHUX BJIACTHBOCTEH 1 MOXKE
BUKOPUCTOBYBATHCS 1 ani. Hampukmas, B3sTH 1€ OAHY 3TOPTKY 3 SIAPOM TPH Ha TPH,
BHifIe ociIoBHICTE (3X3 | pooling | 3x3), a pe3ynbTaT Oyjae OAMHUYHUM 3HAYCHHSIM
(Puc. 1. a). Tenep ysBiMO, 1110 MU BUKOPHUCTOBYBaJIH GiasTp po3mipom 8x8 (Puc. 1. 6)
— OTPUMAJIH TaKe K €JIMHE 3HAUCHHS SK 1 MICJIA JBOX MOMEPETHIX MEPETBOPEHbD.
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Puc. 1. BuxopuctaHHs myiiHTa 3aMiCTh BEJIMKOTO (UIBTpa
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BuxoauTs, 1110 npy nepuiomMy mijgxoAl MOKHa OTPUMATH y3araJlbHEHUI pe3ynbTarT,
SIKMI 3py4HO BUKOPUCTOBYBATH 1 AaJli, a IPU APYTroMy — JIUIIIE €IMHE 3HAUCHHS.
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Tenep po3riastHEMO KUIBKICTh HapaMeTpiB. Y MEpIIOMY MiAXOAI HpU MepIIii
3rOpTIi BHUKOPUCTOBYBanMcA 3 X3+ mapameTpiB, a A OTPUMAaHHS OJUHUYHOTO
3HavyeHHs uie 3 x3+/ mapamerpiB — pa3zom 20, B TOi yac npu apyromy: §x8+1=65.

OpHak, Mpy OYEBUAHOMY 3MEHILIEHHI MapaMeTpiB CIOCTEpPIraeThCs 3BOPOTHA
KapTHHA 3 OOYMCICHHAMHU MPHU NPSIMOMY MPOXOJDKEHHI Yepe3 Mepexy — Ui JTaHOTrOo
pIIIEHHS KUIBKICTh apu(METHYHUX OIEepawiid s APYroro MiaXoay B 5.2 pa3u MEHIIE
HIX JIJIs1 TIEPILIOTO.

Hactymuuii migxin 10 BUOOpY IUISIMUA COPUKHATTS BEJIbMHU MpocTHil. Bin nmonsrae
B IIOCJIIZIOBHOMY BUKOPHCTaHHI1 IBOX a00 OUIbIIe HEBEJIUKUX (UIBTPIB 3aMICTh OJJHOT'O
BEJIMKOTO TpH 30€pe’keHHI pO3MipiB MOYaTKOBOi obOisacti. PosrimsiHemo Ha mpocTux
MPUKJIaIax.

Bizememo ¢inbTp po3mipy 5x5 1 3acTocyeMo oro 10 300paxkeHHst 7X7 MIKCETB —
pesynbTatoM Oynie kapra o3Hak po3mipHicTio 3x3 (Puc. 2. a). Jocsrtu 30epexeHHs
IUISIMU  CTIPUMHATTS. TPH 3aMiHI MOYaTKOBOIO siipa 3TOPTKHM MOXKHA 3a JIOTIOMOTOIO
3aCTOCYBaHHS MOCHLIb IBOX GiIbTpiB po3MipHicTiO 3x3 (Puc. 2. 6).

Kinekicte mapameTpiB mnpu ogHoMy (uIbTpi AOpiBHIOE: 5X5+1=26, npu ABOX
MaJEHbKUX: 3 X3+[+3X%3+1=2(; KUIbKICTh apu()METUYHHUX OIepariii yisi 0OUHCICHHS
OJIHI€T pe3ynbTyro4oi kKaptu o3Hak 50 1 180 BiamoBigHO.
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Puc. 2. 3amina ¢puibTpa 5X5 Ha koMmOiHaIiO ABOX GiTbTpIB 3X3

[Toni6HY 3aMiHY MO’KHA TIPOBECTH 1 MPU MOYATKOBOMY po3Mmipi ¢iasTpa 7X7 3a
JIOTIOMOTOFO TTOCITIZIOBHOTO 3aCTOCYBAaHHS B)Ke TPhOX (iIbTPiB po3mMipHicTio 3x3. | mist
Takoi 3amiHu y ogHoro ¢inbrpa Oyae S0 mapameTpiB Ta 98 apudMeTHIHUX Omeparlii,
a y kom0OiHaIi Tprox GiapTpiB — 30 mapameTpis, aje 630 omeparriid.

Takox 3a3HAYUMO MOKJIMBICTb 3aMiHU SiAjpa 5X5 TMOCHIZIOBHUM BUKOPUCTAHHSAM
YOTUPHOX OJHOCIPSIMOBAHUX BEKTOPIB: 5x5~1x3—3x1—1x3—3x1. ImrocTparist maHoi
3aMiHM MTOKa3aHa Ha puc. 3.
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Puc. 3. 3amina ¢puibTpa 5X5 Ha HaOIp OJIHO HANIPABJICHUX (DUIBTPIB
BnactuBocti Qumbtpa 5xX5 3amumuimcs He3MIHHHUMHU: 26 mapamerpiB 1 50
omepaltii, it Habopy GUIBTPIB KUILKICTh MapaMeTpiB ckianae: (3+1/) xX4=16; KUTbKICTb
apudMETHIHUX OTepalliid UIsi O0YUCICHHS OCTAaHHBO1 03HAKU JopiBHIOE 150.
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ExcnepuMeHTANIBHO-10CTIIHE 10CTiKeHHs 3aaa4i. [y nepeBipku eexTus-
HOCTI HABEJCHMUX BUIIE METOMIB MAaHIMYJALIl 30HOI0 CHPUHHSATTS MPOBEIEMO Pl
excnepuMeHTiB. [lounemo 3 mouaTkoBoi Mojeni: B i sKOCT1 Oynia oOpaHa Mepexa, Ky
JIETKO MO>KHa Oysio O mepeHanalmToBYBaTH JJIS BOX HaBUaldbHMX BHOIpok. Tak, 1o
BX1/IHOTO 300pa)K€HHsI MOCIIOBHO 3aCTOCOBYBAJIHCS: 3ropTKa 3x3 1 MyiiHr, ruOuHa
KapT aktuBauii — 16, 3roprka 3x3 1 mymiHr, rimOuHa — 32 1 HAOCTAHOK 3ropTka 3x3 3
rmubuHoro 64; 11 Beix 3ropTok ¢yHKIis aktuBanii ReLU, a BikHO mymiHry — 2x2.
Jlani naHi Mo Mepexi nepeaaBaiucs TpbOM NOBHO3B'SI3HUM IapaM ((QyHKIIT akTuBaLii
NEepIINX JABOX IIAPiB — TAHICHC TinepOoniuHui, a TpeThoi — softmax) mo 256, 64 1 10
HelpoHiB BianoBigHo. 3HM nHaBwanacs 3a gomomororo merony ADAM (adaptiv-
emomentestimation) 3 modatkoBuMm TemrnioM HaBuanHs (.001. Tak sk HaBuanbHI
BHOIpKU OyJH PI3HUX PO3MIPIB — 3MIHIOBAJIOCS YHUCIIO MApaMETPiB, 110 HAAXOJATh Ha
MOBHO3B'A3HI IIApH MEPEXi, CX0Ka KapTHUHA CIocTepiranacs MpH 3MiHI BiKHA
cnpuiHATTS, ane ockuibkn 3HM Oyma peamizoBaHa 3a J0moMoror 0101i0TeKH
PyTorch moBu Python — mepesxy OyJio jerko 1 3py4Ho nepedyaoByBaTH.

[Tounemo 3 30UIBIIEHHS MEPIIOi 3TOPTKU JIO0 Po3Mipy S5x5. A MOTIM 3aMiHUMO ii
HOCJIZIOBHUM BHUKOPUCTAHHSAM JBOX 3TOPTOK 3X3 MUIAXOM JOAAaBaHHS IIE OJHOIO
mrapy — Puc. 4 ta Puc. 5. Ananoriuny 3aminy mpoBeneMo aiis pibTpa 7x7 nBoma 5x5,
napanenbHO MepeBIpUBIIN €(EeKTUBHICTh MYJIHTY: MPHOpaBIIN HOro Micis APyroro
3rpopTkoBoro mapy — Puc. 6.
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Puc. 4. JlocnipkeHHS TUSIMA COpUAHATTSA 5X5 st Habopy MNIST
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Puc. 5. locnimpkeHHs siMu cnpuitHaTTs 5x5 ms Habopy CIFAR10

Ha 060x rpadikax mpocTeKy€eTbcsl 4iTKa 3aKOHOMIPHICTh — MPOCTE 301IBIICHHS
TUISIMA CIIPUMAHSATTST TIPU3BOJMTH 110 301IbIIeHHS MBHIKOCTI HaBuaHHsI 3HM 3aBmsku
3MEHIICHHIO YHCia apu(METHYHHUX OIepalliii, NmpoTe Ha NPUKIAAl HaBYaIbHOI
BuOipkn CIFAR10 BugHO, 110 MpU TaKOMy MiIXOJ1 TOYHICTh PO3Mi3HABAHHS Majac.
3BOpOTHA CHUTyallis BiAOyBaeThCs TPH 30UIBIICHHI TULSIMH CHPUHHATTS MIISTXOM
3aMIlICHHS] BEJIMKOTO (UIbTpa JBOMAa MaJCHBKAMH IUISXOM JIOJABaHHS IIE OTHOTO
3rOpTKOBOTO mapy. Tak mpu 3araJprHOMY 3MEHIICHHI YUCIIa MapaMeTpiB B MOPIBHIHHI
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3 BEIMKUM (QUIBTPOM BCE JK BIAE€THCA BHUIUIMTU OibIle O3HAK, IO CIPHSE
M1BUILEHHIO TOYHOCT] pO3Mi3HABAaHHS, OJJHAK Yac BUTPAYCHUI HAa HABYAHHS 3POCTAE B
3B'SI3KY 31 30UIBLICHHSIM OOYMCIICHb.
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Puc. 6. locnijpkeHHs isMu cipuiHaTTs 7x7 HaOip MNIST 1 nponyck mapy nysaiHry

Hageneni Builie pe3ynbTaTH MIATBEPIKYIOTHCS1 ISl BIKHA po3MipoM 7x7, Xxo4a
HE TaK OYEBHUJHO 3MEHIIEHHs To4yHOcTi. [Ipomyck cyOmuckperizaiii mpu3BOAUTH 110
1ICTOTHOTO 301IbIICHHS apu(PMEeTHUHUX orepalliii 1 3HmwKye 3aaTHicTh 3HM BuninsaTu
CEMaHTHUYHI 03HAKH, 110 1 TPU3BOJUTH J0 3HMKEHHS TOYHOCTI.

BucnoBku. Otpumanuii pe3yibTaT J03BOJISIE CTBEPIKYBATH, 110 BUOIp IUISIMU
COPUMHSTTS € Ba)UJIMBUM MOMEHTOM Ipu mnpoektyBaHHi 3HM, a Bubip miaxomy
3aBJaHHS IUISIMH 0€3MOCepeIHhO BIUIMBAE HA TOYHICTh 1 Yac HABYAHHS MEPEKI.
301IbIICHHS IAPiB, K MPABUIIO, MPU3BOJIUTH 10 30UIBIIEHHS TOYHOCTI, JUIS LI€T XK
METH CJI1J] HaMaraTucs MmaiopaTd ONTUMAIbHUA METOJ HaBYaHHS, (DYHKIIIT aKTHBAIlii
MepeXi 1 MOYaTKOBUK Koe(dimieHT HaB4aHHSA. Bcl mi miaxoaud 37aTHI BIUIMHYTH Ha
TOYHICTh 1 4yac HaBuaHHa 3HM, ToMy Oa)kaHO 3aBXJM TECTyBaTH 1 MOPIBHIOBATH
CIPOEKTOBaHI TOMOJIOTII 1I1e ¥ Ha MPaKTHUIIL.
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YuriTimoshyn, SergeyOrlenko

INFLUENCE OF THE RECEPTIVE FIELD
ON THE SPEED AND ACCURACY OF RECOGNITION
OF THE CONVOLUTIONAL NEURAL NETWORK

Introduction.The convolution neural network was developed by Yann LeCun
in 1988 in likeness of biological vision and visual cortex and consists of simple and
complex cells. The network has some specificity - it consists in rearranging the
convolutional layers and layers of sub-sampling (pooling), which sends it to the
biological view.

Formulation of the problem.The separation of semantic signs occurs at later
stages, but it should be understood that all these operations are carried out over a
certain initial region - a receptive field. In general, there is an image that is perceived,
but it all is not so simple. Each convolutional operation before the pooling captures
only part of the image and this determines the further processing. This question relates
to the architecture of the convolution neural network so we will consider the
operations concerning the transformation of the receptive field. The task will be to
track the obtained accuracy and time of training with each approach.

Approaches to change receptive field and number of parameters.We
considered pooling from the point of increasing the absorption of signs from the larger
field, considered the possibility of replacing the 5x5 filter with two 3x3 or by a
sequence of 1x3 — 3x1 — 1x3 — 3x1, and replacing 7x7 with two 5x5. We have
calculated the number of parameters and arithmetic operations for each approach, also
created illustration for them.

Experimental-research study of the problem. We built and changed the
convolution neural network according to the methods described above. As the data set
we were used traditional MNIST and CIFAR10. In parallel, we recorded the resulting
accuracy and elapsed training time and depicted them on the corresponding graphs.

Conclusions. Choice of receptive field is an important point in the design of
CN, and the choice of approach to the problem of receptive field directly affects the
accuracy and time of learning the network. Increasing the layers, as a rule, leads to
increased accuracy, for the same purpose should try to choose the best method of
training, network activation functions and the initial learning factor. So it is advisable
to always test and compare projected topologies even in practice.

Key words: convolutional neural network, receptivefield, convolution,
topology,parameter, accuracy, time of study.



