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3ACTOCYBAHHSI IVIMBOKUX HEMPOHHUX MEPEXK JIJISI KJIACU®IKAILII
MIKPOCTPYKTYPU YABYHHUX BUPOBIB

Fesenko M.A., Zinchenko O.V. The application of deep neural networks for the classification
of the microstructure of cast iron products. The possibilities of using artificial neural networks in the
tasks of recognizing the microstructure of cast irons have been investigated. Convolutional neural
networks work on the basis of filters that are concerned with recognizing certain characteristics of an
image (for example, straight lines). A filter is a collection of kernels; sometimes a single kernel is used in
a filter. A kernel is a common matrix of numbers called weights that are "trained" in order to search for
certain characteristics in images. The filter moves along the image and determines if some desired
characteristic is present in a particular part of it. To obtain an answer of this kind, a convolution operation
is performed, which is the sum of the products of the filter elements and the matrix of input signals. If
some desired characteristic is present in the image fragment, the convolution operation will produce a
number with a relatively large value at the output. If the characteristic is absent, the output number will be
small. Note that the number of filter channels must match the number of channels in the original image;
only then will the convolution operation produce the desired effect. For example, if the original image
consists of three channels, the filter must also have three channels. The structure (architecture) of the
convolutional neural network was proposed and its ability to recognize the presence of structural
components of the microstructure of cast iron was confirmed. The training of the network was performed
on images of microslices of various types of cast iron, and positive results were achieved with an
accuracy close to 85%. The results of the work indicate the prospects of using convolutional neural
networks in the tasks of recognizing and classifying the microstructure of cast iron.
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®ecenko M.A., 3inuenko O.B. 3acTtocyBaHHs TIJIHOOKHMX HEHpOHHMX Mepex IJs
Kkiacudikanii MiKpPoCTPYKTYpH 4YaBYHHHX BHpPOOiB. JloCiiDKEHO MOXIIMBOCTI 3aCTOCYBaHHSIM
INTYYHUX HEWPOHHHMX MEpEeX Yy 3aBAAHHAX PO3Ii3HABAaHHSI MIKPOCTPYKTYPH 4aBYHIB. 3ampollOHOBAHO
CTPYKTYpy (apXiTeKTypy) 3TOpPTKOBOi HEHpOHHOI Mepexi Ta MiATBEp/PKeHO 1i 3maTHICTh 70
pO3Mi3HABaHHS HAsSBHOCTI CTPYKTYPHHMX CKJIAJIOBUX MIKPOCTPYKTYpH uaByHIB. HaBuanHs wmepexi
BUKOHYBQJIOCh Ha 3HIMKaxX MIKpOULII(IB pI3HUX THUIIB 4YaBYHIB, NMPH YOMY JOCSITHYTO IO3UTHUBHI
pe3yabTaTd 3 TOYHICTIO Onm3pkol0 m0 85%. PesynbraTm poOOTH CBiguaTh NPO TNEPCIEKTHBHICTDH
3aCTOCYBAaHHSl 3TOPTKOBMX HEHPOHHMX MeEpeX y 3ajadyax posIi3HaBaHHA Ta Kiacudikamii

MIKpPOCTPYKTYPH YaBYHIB.
KimlouyoBi cnoBa: wmiTyyHMit iHTENEKT, HEHpOHHA MepeXa, pO3MI3HABAHHS, 3rOpTKa,
MIKpPOCTPYKTYpa.
Beryn

BukopuctanHss HEWpOHHUX MeEpPeX Yy MaTepialo3HaBCTBI HaOyBarOTh Bce OUIBIIOT
MOTMYJISIPHOCTI, Y 3B'I3KY 3 THM, IO OOpOOJICHHS MaTepialliB € CKIaJHUM IMPOILECOM Ta 3aJICKHUTh
Big 6e3umiui paxropis [1-3].

Tak Hampukian, HedpoMepe:keBHH MiIXiJl 3aCTOCOBYBaBCs B poOOTI, B fAKiil Oyna crmpoba
MIPOTHO3YBAaHHS MEXaHIYHHUX BIIACTUBOCTEH CIUIABIB 3aJI€KHO BiJ XIMIYHOTO CKJIaay Ta TEPMIYHOTO
obpoOnenns [1]. Takoxx MokHa BUIUIUTH PoOOOTY, B SKiii OOIPYHTOBYETbCA €(EKTUBHICTDH
3aCTOCYBaHHSI HEHPOMEpEK UIsl aHali3y PI3HUX TEIUIOBUX, TAPOJMHAMIYHHUX Ta (I3UKO-XIMIYHHX
nporecis [1].

HaiiGinpmmii  Bkiax B 3aCTOCyBaHHI HEHpOMeEpe:k B MaTepialo3HaBCTBI  BHECIH
criBpoOiTHUKN KeMOpHKCHKOTO YHIBEPCUTETY, K1 IiJ] Yac JOCTIIKEHb MOKa3ald MOXJIUBICTb
BUKOPUCTAHHS HEHMPOHHMX MEpPEeX Uil MPOTHO3YBAHHS BIIACTUBOCTEW pi3HMX MatepianiB. [Ipu
IIbOMY pPE3YyJbTaTH OTPUMAaHI 3 3aCTOCYBAHHSAM HEUPOHUX Mepexk Oynu OuIbII TOYHIIII, HDK
pe3ynbTaT OTpUMaHi MaTeMaTUYHUMH perpeciitHumMu metogamu [ 1].
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Ananiz iHpopmalii nepeaidveHux JOCHIKEHb MOKa3ye, mI0 iX pe3yibTaTaMH HaifuacTiuie €
OTPUMAaHHS JTAaHHX, Yy BUTJISAL 3HIMKIB (300paxkeHb) 00'eKTiB, a TakoX AepeKkTHUX odnacteid. Tomy
Cy4acHI METOOM Ta AITOPUTMH OOpOOJIEHHS IHMQPPOBUX 300pa’keHb Ta TEXHOJIOTIi IMITYYHUX
HEHPOHHUX MEpPEeX MOXKYTh OyTH YCIHIIIHO 3aCTOCOBaHi JJIsl aBTOMAaTH3allil aHamizy 300pa)KeHb
MIKPOCTPYKTYpPH MeETaliB 1 cmiaBiB, 3'ICyBaHHS MIKPOCTPYKTYpPH MeETaJleBUX BHUPOOIB Ta
KOHCTPYKIIH NP iX BUPOOHMIITBI Ta EKCIUTyaTallii € OJIHUM 13 aKTyaJbHHX 3aBIaHb.

Bimomi pobGotu B skux Oy/0 3aCTOCOBAHO TJIMOOKI HEMPOHHI Mepexi Mmoo Kiacudikarii
300pakeHb MIKPOCTPYKTYp BYIJICIIEBUX CTajeH [2, 3].

B cBoro wuepry, iH(oOpMmalis CTOCOBHO 3aCTOCYBaHHS HEMPOHHUX MEpEX Ui aHaji3y
MIKPOCTPYKTYp YaBYHIB pI3HUX THIIIB, SKi € OUIBII PO3MOBCIOKEHUMH KOHCTPYKIIHHUMHU
MarepiaiaMi TMOPIBHSIHO 31 CTaNsIMM Ui Pi3HOT HOMEHKJIATypu BHpOOIB [4], B mocTymHii
JiTeparypi NpaKTUYHO BiICYTHSI.

Memoto pooomu € ctBOopeHHs (po3poOiieHHs) CTPYKTYp (IropuTMiB) HEHpPOMEPEK UIs
BUKOHAHHS 3a/ayl 3 PO3MI3HABaHHS MIKPOCTPYKTYp PI3HMX THUIIIB YaBYHIB Ta MIATBEPIKEHHS
MOXJIMBOCTI X peasnizarii.

B sxocti MeTony aHanizy HU(ppPOBHUX 3HIMKIB MIKpouUTi(iB YaByHIB Oyna oOpaHa 3ropTKoBa
HelpoHHa Mepexa. Taki Mepexi MPUIHATO HAa3UBATH TIIMOOKMMH Yy 3B'SI3KY 3 HAsBHICTIO B HHMX
BEJIMKO1 KUIBKOCTI IIapiB.

OcHoOBHa ifiess 3rOPTKOBHX HEHPOHHUX MEPEX TOJSIrac B TOMY, IIO NMPH HaBYaHHI iX Ha
OCHOBI1 JOCHPKYBaHUX 300pa’keHb OJHOTO KJacy, BOHH CaMOCTIHHO (OpMYyIOTh BHOIPKM O3HaK
(Tak 3BaHI KapTH O3HAK), fKi MOBHOIO MIPOIO XapaKTepHU3ylOTh el Kiac, 1 B TOW XKe uac
BIJIOKPEMJTIOIOTH iX B/ IHIIUX 300PaKEHb.

s texHomoris Oyna oOpaHa y 3B'SI3Ky 3 BiIHOCHO HHM3bKOIO UYTJIHUBICTIO JI0 CIIOTBOPEHB
BXIJIHUX CHUTHAJIB y MOPIBHSAHHI 3 IHIIMMH METOJaMH po3Mi3HaBaHHA 300paxkeHb. Kpim Toro,
BpaxOBaHO, IO JaHI 3TOPTKOBI HEWPOHHI MepeXi MOKa3yloThb BUCOKUH CTYIIHb TOYHOCTI B
PI3HOMAaHITHHUX 3aBIaHHSAX pO3IMi3HABaHHs 00pa3iB.

B pamkax pocmimkeHHs Oyino po3poOiieHO Ta peali3oBaHO CHUCTEMa PO3IMi3HaBAHHS
CTPYKTYPHUX CKJIQJOBUX MIKPOCTPYKTYp UYaBYHIB Ha IUGPOBUX 3HIMKAX MIKpOULTi(iB,
BUTOTOBJICHMX B MeTayorpadiuniii jgadbopaTtopii kadeapu JTHMBApHOTO BUPOOHUIITBA YHIBEPCHUTET
Otro-don-I'epuke (M. Marnedypr, Himeuunna).

B cucremi posmizHaBaHHA OyI0 peanizoBaHO MOJENh 3rOPTKOBOi HeifpoHHOI Mepesxi. Il
CTPYKTypa XapakTepu3yBajlacs MOPAIKOM PO3TalllyBaHHS 3rOPTKOBMX IIApIB Ta MIAPIB MIABHOIPKH.
BXigHuii map ciy:kuTh s 1ojaadi 300paxeHHs 10 Mepexi. Posmip BximHoro mapy ckiaaas 5000
HEWPOHIB, IO BIAMOBIAAE PO3MIPY ITOCIIHKYBAHOTO 300pakeHHs mikceni. Jlami #ayTte 2 mapu
3ropTkd Ta 3 mapu miaBuOipku. ChOMHM IIap — IMOBHO3B'SI3KOBUM IIAp, SKUH CIY)KUTH IS
3a0e3nevyeHHs Kiacudikalii, micist TOTo K BHAUICHO BCl KapT o3HaK. KoXeH HeWpoH IbOTO MIapy
IOBHICTIO TNOB'SI3aHMH TUIBKM 3 OJIHIEIO O3HAKOK IonepenHboro mapy. Ha Buxoai mapy
3actocoByBaimuch 1000 mpoctux curMoigaibHUX HeWpoHiB. OcTaHHIA Imap € BUXITHUM 1
CKJIaJIA€ThCS 3 OJJTHOIO HEWpOHa, MOBHICTIO MOB'A3aHOrO 31 BciMa HEHPOHAMU MONEPEIHBOTO LIapy.

3Ha4yeHHs Ha BUXOJ1 HEHpOHA 3rOPTKOBOTO MIAapy OOUYMCIIIOBAINCS 3a I0IIOMOT00 BUpasy:

K K L )
y(i,j) _ f(z Z Z by + wés‘c'k)x((E_1+S)'(j_l+t)'k))

s=1t=1k=1

LwoueJ = Loy, St = 1K, (1 . 1)

ne y(" ) _ puximmmit curaan (HelipoH), w — Barv, MaTpHlls CHHANTHYHUX KOe(IiIiEHTIB
PELeNTHBHAX TUIOMMH BCIX KapT MOTOYHOro mapy, X'’ — BXiZHMIl CHTHAm, 067acTb BXiZHOI
IUTOIIMHY, L0 TMOKPUBAETHCS CHHANTUYHOIO Mackor, K — po3Mip peunenTHBHOI IUIOMIMHU, by —
nopir, HEWPOHHOTO 3MilleHHs k-0i KapTH 03HaK, KWW BinoOpakae 30UIbLIEHHS a00 3MEHIIEHHS
BXI/IHOTO CUTHaIy, 10 MOAA€ThCS Ha (PYHKIIIIO akTHUBaLlii, K — HOMep KapTku o3HaK, L — 3aranbHe
KUIBKICTh KapT O3HAaK y HIapi.

3Ha4yeHHs Ha BUXO/Ii HeHpoHa 1mapy BUOIpKM 00UHCITIOBABCS 3a JIOTIOMOTO0 BUpasy:

(s.itk)
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. i =1, Woue

J’;Ew) = max{x(+staitsa)), =T R,
ab=1, (1.2)
pe v —  Buxigsmit  curman  (meiipon) k-oi kaprm  osmak, sqa=(i, i-1),
SOb=(j, J-1) — BekTOpM 3 KOOpAMHATAMH EJIEMEHTIB BXIAHOI IUIOMUHH, Sq,=(I, i-1) — BXigHHI

CHTHAJI, 00JIACTh BX1IHOT IUIOMIMHY, 10 HOKPUBAETHCS CHHAIITUYHOIO MACKOTO.

Jlnst HaBYaHHS JaHOi 3TOPTKOBOi HEHPOHHOI Mepeki 0OpaHO METOJ 3 BUHMTENEM, TOOTO: Ha
BXiJI MEpeXi pa3oM 3 HABYAIBHOI MHOXKHHOIO TOJA€THCS MPaBHIbHA BIANOBIAb PO3Ii3HABAHHS.
TakuMm 4MHOM, HEMPOHHA MEpPE)Ka 3 KOKHUM HOBUM €JIEMEHTOM HABYAJIBHOI MHOKHHH, KOPETYE
BaroBi Koe(ili€eHTH, BUXO UM 3 PI3HUII 3HAYCHb MK (DAaKTHYHOFO BIAMOBIIIO. J[71s1 BUMIpY SIKOCT1
pO3Mi3HaBaHHS BUKOPUCTOBYBajach (YHKINS CEpeTHbOKBAIPATUYHOT MOMIIKKA. KopuryBaHHsS
BaroBUx KoeQiIieHTIB BiOyBajocs 3a JOTIOMOTOIO METOJY 3BOPOTHOTO IOIIMPEHHS TOMIIIKH.
[TouaTkoBi 3HAa4YeHHS BaroBuX KoeiieHTIB Oyau oOpaHi BHUMAIKOBUMH BEIMYMHAMH 3
HOPMAaJIBHUM PO3TOIIIOM.

Sk IHCTpyMEHT s pO3poOJeHHsS Ta HaBYaHHS 3TOPTKOBOI HEWPOHOI Mepexi
BuKopuctoByBaBcs (peiimBopk Caffe [5]. ITlepen HaBuaHHsSM Mepexi ii Barm 3aJaBajincs
BUIIAJKOBUM 4YnHOM. llepenbauena mepexa paHilie Iie HE BUKOPHCTOBYBAJIACs, 3Ba)KalOUM Ha
0COOJIMBOCTI 3aBlIaHHA, MO0 PO3TIATAEThCs. HaBuaHHsS Mepexi Oyl0 BHKOHAHO 3a JIOTIOMOTOIO
HaB4YaIbHOT MHOXHUHH 00'emom 2000 300pakers. Ha puc.1 mpencraBieHi XxapakTepHi 3HIMKH 3 0a3u
HaBYaJIbHOI MHOXXUHH.

S

SIS —
Puc. 1. [Ipuknanu 3HIMKIB HaBYaJIbH
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HaBuanus wmepexi TpuBaimo mnoHan 5000 irepamiil. Y pe3ynabTaTi HaBYaHHSA Mepexi i3
300pakeHb OynM BMJIUIEHI KapTH O3HaK Ha KOXKHOMY Imapi 3ropTui. Po3paxyHOK TOYHOCTI
HaBoJMBCS KOXH1 50 irepauiii 1 JOpIBHIOBaB BIIICOTKY IMPaBHJIBHO PO3MI3HAHUX 300pakeHb 13
TecToBO1 BUOIpkU. Ha MOMEHT 3aKkiHUEHHsI HaBYaHHS HEHPOHHOT MEpeXi TOUHICTh PO3Mi3HaBaHHS
Hero Jocarina 85%. OrpuMany TOYHICTH Kiacu@ikaiii MOKHA MOPIBHATH 3 TOYHICTIO METO[IB
BUpILIEHHS OJIM3bKOI 331a41 — Kinacupikaii TeKcTyp (po3Mi3HaBaHHs MOBEPXHI MaTepiajiB).
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BucnoBku

Takum 4MHOM, B paMKax JOCIHIIKEHHsS 0YyI0 po3poOJeHO CTPYKTYPY (JIrOpUTM) 3rOPTKOBOL
HEHPOHHOT Mepexi, 3po0JICHO 11 HaBYaHHS Ul PO3IMI3HABAHHS MIKPOCTPYKTYPHU YaBYHHHX PI3HHX
tuniB. OTpUMaHO pe3yinbTaTH PO3Mi3HABAHHS HA TECTOBIM BHOIpLI 3HIMKIB. Brcoka 10CTOBIpHICTD
OJIEpXKaHUX PE3YJIbTATiB TOBOPUTH IPO MEPCIEKTUBHICTh 3aCTOCYBAHHS 3TOPTKOBUX HEHPOHHUX
MEpexX y 3aBJaHHAX Kiacu(ikaiii MIKpOCTPYKTYpH YaBYHIB.

Bapro BigzHauuTH, 10 po3pobIeHa CTPYKTypa HEMPOHHOT MEPEXKi JO3BOJIUTH 3 MPUHHATHOIO
MOXUOKOIO 3/IIHCHIOBATH KJIaCH(iKaIlilo 300pakeHb MIKPOCTPYKTYp YaBYHHUX BHPOOIB i3 Pi3HOIO
CTPYKTYpOIo. Ii HpakTWYHE BHMKOPHCTaHHA JacTh MOXIIMBICTh IiABHIIYBaTH e(eKTUBHICTD
3aCTOCYBaHHs iH()OPMAIIMHUX TEXHOJOTIH Yy MaTepialo3HABCTBI 1 IHIIUX CYMDKHUX ramy3six. Tomy
MOANTBIIE BIOCKOHAICHHS 1i€T pO3pOOKH CTAHOBUTH SIK HAYKOBUH, TaK 1 IPAaKTUYHUN IHTEpEC.
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