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PO3SIIISBHABAHHA CUTHAJIB
3ACOBAMMHA NINIJIAT®OPMHU JAVA

AHomauyis. [lpedcmasneHi pe3ynbmamu po3ni3HABAHHA OPMU CUHANIB, AKT
OmpUMYyMbCA NPU CKAHYBAHHT NOBEPXHT KOMNO3UMHUX Mamepianis. HelipoH-
Ha Mepexa — 6azamowaposuli nepyenmpoH 3 an20pUumMoM 380pPOMHO0 No-
WUPeHHS NOMUJIKU — CmBoploeMbCs 3acobamu cepedosuuya Neuroph Studio.

Knioyosi cnosa: HelipoHHi mepexi, Java, Neuroph Studio, 306paxeHHs cuzHa-

ny.

Beryn. Ilutanuio aHamidy Ta igeHTu@ikailii curmajgiB B yMoBax
IIYyMiB IPHUCBAYEHO BeJIMKA KiJbKicTh pobiT. 3 omHOrO O0OKY, IIe IIOB’s3aHe
3 pisHOMAHITHICTIO 3aJau PO3IIidHaBAaHHS, a 3 iHIIOr0 OOKY, CBiIUHTH IIPO
HeoOXimTHicTL BpaxyBaHHS Yy KOXXHOMY OKPEeMOMY BHUIIAIKY OCOOJIMBOCTEH
KOPHCHOT'O CUTHAJIy i CymyTHBOro Homy mrymy. IIpuKjaazoM MoOKe CIyry-
BaTH 1 3amada JiokaJjisdalrii Ta posmisHaBaHHA Oe(eKTiB y KOMIIOBUTHUX
marepianax[1].

IIpu npoBezeHiI HepYWHIBHOTO KOHTPOJIIO CJiJi BpaxoByBaTU CKJal-
HUH peabed) IIOBEePXHI KoMHmo3mTHUX MarepiasiB. TexHoJOris BHUIOTOB-
JIeHHSI BOJIOKHHCTHUX KOMIIO3UTiB, 3BUYAlIHO, He Iependadyaec MexXaHiuHy
00pOOKYy, IO YCKJAAHIOE IIPOIleC CKAHYBaHHsS IIOBePXHiI Ta Jomae pisHI
Buau ImymiB. Bunukae 3azaua — aHaJgisyiooum oOpoOJIOBaHI curHaam, He-
00ximHO oTpuMaTH iH(opMAaIlilo IOAO0 HAABHOCTI Ta PO3MipiB medeKTiB.
OnHuM 3 BapiaHTiB po3B’sA3aHHSA TAKMUX 3alady € BUKOPUCTAHHS HEHPOH-
HUX Mepex.

HeiiporHi Mepe:ki BUPIIIYyIOTh HIMPOKUU CIEKTP 3aBlaHb: KJacu-
(dixkamia o6 exkTiB, BUABIEHHS 3aKOHOMipHOCTElH, po3IizHaBaHHs 00pasis,
IIPOTHO3YBaHHA, allpOKCUMAIlisi, CTUCHEHHS NaHUX. Y HiBepcaJlbHICTb HeM-
POHHHUX MEpe’X Ta IIONUT Ha HUX MHOPOAKYE 3amauy ix peaJsisariii mHa pis-
HUX MOBAaX IIPOTPaMyBaHHs 3 BUKOPUCTAHHAM Cy4YacHUX TexHoJorii[2, 3].

HomaTku Ha MOBi IIporpaMyBaHHSI Java MOKYTh BUKOHYBATHCS Ha
pisHUX oleparifHUX cUCcTeMaXx, I0 00yMOBJO€E ii yHiBepcaabHicTB[4].
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IlocranoBka 3aBmaHHs. Meroio pobGoTu € poamisHaBaHHA (opMU
300pakeHHs CUTHAJIiB, HA SIKi BIJIMBAIOTh MIYMU PisdHOI iHTEHCMBHOCTI, 3a
JIOTIOMOT0I0 HEeNPOHHOI MepeKi, AKa CTBOPIOETHCA 3acobaMu cepemoBUIIIA
Neuroph Studio.

OcnoBHa uyactuHa. PpeiimBopk Neuroph Ha MoBi Java mpexcras-
nde rpadiuHuil iHTep(eiic 1 CIpoIlye CTBOPeHHA apXiTEeKTypu Mepexi,
Ialoud MOMKJIMBICTL peasidyBaTu OiJbHIiCThL BiOMHX THUIIIB HEHPOHHUX
mepesx[5].

Neuroph ckimagaeTbca 3 ABOX KOMIIOHEHTIB: JIOTiKM HeHPOHHUX
Mepesx i rpadiunoro momatrrky Neuroph Studio, sxuii mossoJisge Koudiry-
pyBaTu Mepe:xky 0e3 HamHCaHHA Koxy. ¥ rpadiuHoMy pe:XuMi IOTpPiOHO
BuOpaTu THI Mepe:ki, I mapamerpu, 3amaTH HaBUYAJbHY BUOIpKY.
3’ABIAETHCA MOMKJIMBICTHL TEeperasany CTPYKTYpPH OTPUMAHOI Mepeki Ta
IepeBipKu AKOCTI HaBYaHHA [5].

OcHOBHOIO 00JIACTIO 3aCTOCYBAHHA IaKeTa € PO3IlidHaBaHHSA oOpa-
3iB. PpeiimBopk Neuroph e 06i6aiorexkoio Java-kjaciB (TakuM YHHOM,
CTBOPEHi B HbOMY HEHMPOHHI Mepe:Ki mMo:kHa 0eslocepesHbo BUKOPHCTOBY-
BaTH B mporpamax Ha Java). @PpeliMBOpPK HOHNOBHIOETHCSA TrpadiuHuM ce-
penosuiniem Neuroph Studio (pumc. 1) mias cTBopeHHs i HaBYaHHSA HeH-
POHHUX MEDPEK.
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Pucyunox 1 - IToganus HeiiponHoi Mepe:ki B Neuroph Studio
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Kpim rpadiunoro imTepgeiicy mporpamicTy HaZaeTbCs AOCTYI 0

KiaaciB Oi0miorexku. KomdirypysamHs Mepeski BimOyBaeTbcsa B 00 €KTHO-
Opi€eHTOBAHOMY CTUJIi.

Bukopucranaa Neuroph Studio mMoike cmpocTuTu HaBUaHHS He-
POHHUX MepexX, a 0Oibaiorexa Neuroph mposBoJssge Jerxo KoH@irypysaru
HeoOXimHy apxiTeKTypy Mepe:xi. Ilany 0i6aioTeKy MOXKHA POIMIMPIOBATU
3a PaXyHOK JOJAaBaHHS HOBUX TUIIB Mepe’X i crmoco0iB HaBUaAHHI.

IIpu mpoBeneHi cKkaHyBaHHA KOMIIO3UTHUX MaTepiaJiB 3a DOIOMO-
TOI0 BUXOPOCTPYMOBOTO IIEPETBOPIOBAYA OTPUMYIOTHLCA TPU (POPMU CHUTHA-
JiB yHiMOmaJAbHUI, HMOJOTHUH YHIMOZaJbHUI Ta OiMOmaJbHiN. YHiMOmaJIh-
HUM CUTHAJ 3 MaKCHUMAaJbHOIO aMILIITyZ0I0 XapaKTepusye nederkTu, AKi
IIePEeBUINYIOTh PO3MipU IIepeTBOPOBaua, a 0iMoga bHiI 3 HAWOIJMBIIIUM IIPO-
BaJIOM BEPINWHU HAJEXKaTh A0 TOUuKoBuUX medextiB[6]. Taki momennbHi cu-
THaJIX OIIMCYIOTHCA 3a (popMyJioIo:

y(x) = exp(—1,5x2) - k * exp(—3x?), (1)
ne k smiHOeTheA Big 0 mo 1: mpm £ = 040.35 oxmep:KyemMo BY3bKUI YHi-
MOJAJIbHUM CUTHAJ, KOTPUM XapaKTepu3ye [OOBri TPillMHU, OOBMKUHA
AKHUX Iepebinbiirye 30HY KoHTpoJo. IIpu smini £ = 0.3540.55 oTpumyemo
HOJIOMKHUCTUN YHIMOJAJBLHUI CUTHAJI, XapaKTepHUI MIJISA TPiIIMH MEHIIIO1
poamipuocti. Bepyunm £ = 0.6ul oTpmmyemMo OiMOmaJBLHUI CHUTHAJ, AKUHN
MaTh MaJIeHbKi TpimuHu (mpu B = 1 — ToukoBuit nedekKr).

3acobamu rpadiunoro momatky Neuroph Studio crBoproerncsa mHeii-
pPOHHA Mepe:ka — 0araToIllapoBUU IIEPIENTPOH 3 aJIrOPUTMOM 3BOPOTHOTO
nmompeHHA nmoMuiaku. O0uparoThesa 300pakeHHA, AKi OyayTh posIlisHaBa-
Tuch (puc. 2).
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Pucynok 2 — 3o0paskeHHs JiA po3Ni3HABaHHSA
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Ha macrymHomMy Kpolli BuOMpaioThcA 300pakeHHSA, AKI He Ciifg
posmisHaBaTu, AJsd YHUKHEHHS ITOMUJIKOBOTO PO3IidHaBaHHA.

3asHavalThCA PO3Mipu 3paskKa BuOipKu 300paskeHb (IIMPUHA BUCO-
Ta), ToOTO yci HamaHi 3o00pakeHHs OyayTh MaciiTaboBaHi A0 TaKOro pos-
Mipy. MacmirabyBaHHA 300paskeHb 3MEHIIUTD iX, i BOHU OyOyTh JIEeTIIe Ta
IMBUAIE HaBUYaTHCh. B Toil Ke uyac po3Mipu 300paKeHHsS BU3HAYAIOTh
po3Mip BXiTHOTO BeKTOpa Ta KiJbKiCTh HEeMPOHIB y BXiZHOMY IHIapi.

Ins posmisHaBaHHA 300paKeHHA CUTHAJIB, SKi OTPUMYIOTHCA HPU
CKaHYBaHHI IIOBEePXHI KOMHIO3UTHUX MaTepiayiB, oO0upaeMo 300paKeHH:
posmipom 21x18. B sxocti ¢pyukIii akTuBaiii ooupaeTbea «Sigmoid».

Busnauyaemoch 3 KiJIbKiCTIO IPUXOBAHUX IMapiB Ta KiJbKICTIO HeM-
POHIB y KOXXHOMY IpuxoBaHoMYy Imapi. ad cTBopoBaHOI MeperKi eKcie-
PUMEHTAJIbHUM ILISIXOM OOpPaHO ABa IPUXOBAHUX Iapu 3 12 HelipoHamm.

IIpoBogumo TpenyBaHHs Mepe:ki. Bubupaemo HaBuanabHUIT Habip 3
21 Touku Bxoxy. B mianmoroBomMy BiKHiI BCTAHOBJIIOEMO ITapaMeTPU TPEHY-
BaHHA (puc. 3): rpaHNYHEe 3HAUYEHHSA KPHUTEPil0 HaBUAHHS; INBUAKICTHL Ha-
BUaHHA; IapaMeTp, AKUil 3amobirae mepequacHOMY IPUINHEHHIO IIPOIECY
HaBUYaHHS HEeHMPOHHOI MepeXxi.

I mepeBipKU IIpale3gaTHOCTI CTBOPeHOI HEMPOHHOI MepexKi Tec-
TYBaHHS IIPOBOAWJIOCH HAa TPHOX 300pa’keHHAX CUTHAJIIB: YHiIMOmaJIbHA
¢dopma, moJiora yHiMmogaabHa (popMa Ta curHaam OiMomaabHOI hopMu.

B piamorosomy BikHiI oO0umpaemo KHOHKY Select Test Image”
(puc. 4), 00 BCTaHOBUTHU BXiHEe 300paKeHHA IJIA MepekKi, a MepeKkeBUu
BUXiJ BimoOpaskaTHMeThCs AK CHHCOK MiTOK 300paskeHHS Ta BiAIOBiIHMX
HEeHPOHHUX BUXOAiB. 300paKeHHs, sAKe pPO3IidHae HeHpPOHHA MepeKa,
BigmoBizae (popMi curHasy 3 HaWOIABIIUM 3HaUEHHAM Buxony (puc. 4).

SIKIo mpoTecToBaHa HEMpPOHHA Meperka 3aM0BOJIbHAE HAIIIUM BU-
MoraMm, To 30epiraemo ii y ¢aiin 3 posmupenuaam .nnet. Mepexxa Oynme
30epeskeHa aAK cepiamisoBanuii 00 ekT MultiLayerPerceptron i ifioro mox-
Ha BUKOPHMCTOBYBATU y BCiX mporpamax Ha MoBi Java.

s poboTu 3 HEPOHHOIO Mepeskeld Ha MOBi Java BHUKOPHUCTOBY-
eTbca Oi0miorexa Neural Network Platform Neuroph, ii meob0ximuo min-
KJIOYUTHU 10 IPOEKTY 3a AoIoMorolo Maven-3ajiesKHOCTi.

IIpu cTBOpeHHI NMMPOEKTY BUKOPUCTOBYIOTHCSA ABa KJacu 0ibaioTerm
Neuroph — NeuralNetwork ta ImageRecognitionPlugin.
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Pucynork 3 — Ilapamerpu TpeHyBaHHSA

s po3pobku rpadgigHOro iHTEep(eiicy KOprUCcTyBaua BUKOPHCTOBYBA-
BcA (ppeiimBopk JavaFX Ta BisyanpHUi pegakTop Scene Builder.

B xoxi momaspminX eKCHEPUMEHTIB CTBOPEHUI OOLAaTOK 3aCTOCOBY-
Baysim TakuM uymHOM. OO0mpasiach (popmMa CUTHAJYy, BBOAMJIOCH 3HAUYEHHA KO-
edimienra k. Ilo 300pakeHHA CUTHAJIIB IMOCTYIIOBO HOAaBAJUCh IITYyM-TOUKU
B miamasoxi Bixg 0 mo 70. IIlyMm-ToukmM (hopMyBaIuch 3a HOPMAJIbHUM 3aKO-
HOM posnoxiny. Hampukaan, k=0.3 Tta 25 mym-Touok (puc. 5). B pesyuib-
TaTi OTPUMYEMO 300paKeHHs CUTHaJy YHiMomaiabHOI (opmMu, 10 SKOI mO-
JaloTbcAa 25 myM-TouoK (puc. 6).

s Toro, 11100 CTBOpEHUII JOAATOK i3 3alydyeHHAM HeWpPOHHOI Me-
peki posmisHas (popMy cUTHaJy HaTumcKaeMo KHomky «Get signal type».
PesyabTaT BUBOOUTLCS B HUIKHE TeKcTOBe moJe (puc. 7).
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Pucynok 4 — TecryBanHA Mepexi
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Pucynoxk 5 — BBemeHHa nmapamerpiB
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Pucynork 6 — YHiMomaapbHUNI CUTHAJ 3 25 IMIYM-TOUKaAMU
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Pucynoxk 7 — PesysbTaTu posmnidHaBaHHA CUTHATY

3a pesyJbTaTaMH E€KCIIEPHMEHTIB MOKHa 3pOOMTH BHMCHOBOK, IO PO3-
pobJieHa IporpaMa HPaBUJIBHO BHU3HAYae (opmy 300pasKeHHsS CHUTHAJIB IIpU
HasgBHOCTI 0u70 mrym-touok. Cirim 3asHaunTH, IO TOUKHK 3alIyMJIEHHS CTBO-
PIOIOTHCS IeHepaTOPOM BUHNAAKOBHUX YHCEJ 3a HOPMAJBHUM PO3IOIiJIOM, i KO-
au ix 6inmeire Hixk 20% Big 3arajabHOI KiJIBKOCTI TOUOK 300pasKeHHS, TOUHICTD
BU3HAUYEHHSA (DOPMU 3aJIE}KUTh Biji PO3TAIITyBAHHS IIIyM-TOYOK.

BucHoBku. IIpoBeneni mociaig keHHS MOKa3aJu MOXKJMUBICTH 3acTo-
cyBaHHsS HeHPOHHUX MepeK, AKi peasizyioThca 3acobamMu MoBU Java, s
posmisHaBaHHA 300pakeHb cuTHaJiB. HaBuaHHA mMepe:ki Ha pisHHMX HaAOO-
pax CuUTHAaJiB 3 IIIYMOM JO3BOJIMJIO HABUMTH ii IpamioBaTA 3 CIOTBOPEHM-
MU JaHUMU, IO XapaKTEpPHO IIPU NPOBeleHiI HEPYMHIBHOTO KOHTPOJIO Yy
pealbHUX yMOBax.

CTBOpeHUil JOAATOK JEMOHCTPYE AKiCTHh PO3IidHaABaHHS HNPUOJIN3HO
90% , SKIIO OO0 imeaJbHOTO CHUrHAJNY HomaeTbcA He Oiabmie 20% 1rym-
TOYOK BiJl 3araJbHOI KiJIBKOCTi TOUOK Ha 300pasKeHi.
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