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HevnpomepexeBruil METO]T BUSIBIEHHS TEKCTYPHUX
aHOMaJIi y uppoBOMY 300paKeHHI

CyyacHi cHCTEMH KOMII FOTEPHOTO 30pY 4YacTO BUKOPHCTOBYIOTh Ui OOpoOJeHHs uu(ppoBOTo
300pakeHHs1 HeWpoHHI Mepexi. OaHaK A [[HOr0 MOTPIOHO CTBOPIOBATH 0a3M NAHMX I iX HABYAHHS, IO B
31e0UIBIIOr0 CKJIamae mepeBaxkHy jaonmto pecypciB IT-mpoekry. Tox akTyanbHOO 3aqaucio, acHeKTH SKOT
pO3MISIHYTO B Wil CTATTi, € METOAM IIJBHIICHHS SIKOCTI HaBYaHHS HEHPOHHMX MEpEeX Ha JaHWX MEHILIOTro
o0csry. Takox akTyaabHUM € i MOXKJIMBICTH 0OpPOOJIEHHS TaHNX, XapakTep SIKUX He OyB HasBHUM B ITOYATKOBIH
0a3i mpukianmiB s HaB4aHHS. s po3B’s3aHHSA 1€l HAYKOBO-TEXHIYHOI 3ajadi — ITBUIICHHS SKOCTI
cerMeHTamlii 300paKeHHA 3a TPUCYTHIMH TEKCTYPHUMH OCOOJIHBOCTSAMH, — B pOOOTI IIPOIOHYETHCS
BUKOPHCTOBYBATH SK BXigHY iH(MOpMAaIii0 10 HEHpPOHHOI Mepexki He muime Oe3mocepeqHbo nudpose
300pakeHHs, a ¥ HOro JIOKaJNbHI CTATHCTHYHI NMOKa3HWKHA. O3HaueHe pO3IMHPIOE iH(POPMATHUBHICTH BXiITHOL
iHdopmarrii 1 HEHPOHHIH Mepeki He MOTPIOHO BUMTHUCS M iX BUAUIEHHS. J[Js 1[bOTO MTOCTaTHHO MPUHAHSATH
pileHHA WIOAO iX BHUKOPHCTaHHA a00 HEXTYBaHHS $K O3HAKaMH. TaKoX [UIi BHAUICHHS TEKCTYPHUX
0COOJIMBOCTEH 3aIIPONIOHOBAHO BHKOPHCTOBYBAaTH CaMOOPTaHi3aliifHI BUXIOHI IIapH, SKi 31aTHI MIPALIOBATH SIK
KJIacu(iKaTopy, IO TIPYNYyIOTh €JIEMEHTH 3a CXOXXMMH TpyllaMyd O3HaK. Y Ipaii MOKa3aHO 3aCTOCOBHICTb
3allPOIIOHOBAHMX PIlIeHb JI0 TEKCTypHOI cerMeHranii LuQpoBHX 300paxkeHb, 30KpeMa KapTorpadidHux
(dhotorpadiuaux 300paKeHb.

HelipoHHA Mepeska, HupoBe 300paskeHHs], cCerMEeHTalisl, TeKCTypa, HeiipoHHa Mepe:ka KoxoHnena

IHocTanoBka npodaemu. Kommn’rotepHi cuctemu 00po0iaeHHsT LuppOBUX 300paxeHb,
30kpemMa ¢ororpadiyHNX, IMTUPOKO BUKOPUCTOBYIOTh HEHpoHHI Mepexi. Jlo 3amau
KOMIT FOTEPHOTO 30pYy BIAHOCATH TMOIIYK 00 ’€KTIB Ha 300pa)keHHI Ta iX imeHTHdIKaIis,
BUJIUICHHS OCOOJIMBHUX 30H Ha 300pa’KeHHI, BUALIEHHS CETMEHTIB 31 CX0KO0I0 TEKCTyporo [1].
30KkpeMa BUAUICHHS TEKCTYPHHX OCOOJIIMBOCTEH Ta iX MOBTOPEHHS BHKOPHCTAHO B CHCTEMax
KOIIIOBaHHS CTHJIICTUKM 300paKeHHS, [UId TEHEPYBAaHHS HEMOBTOPHUX TEKCTYp B
cUHTeTHYHOMY  Idpo3zoOpaxenHi [2]. Takok  TEeKCTypHa  CETMEHTAIlisi  MOXeE
BUKOPUCTOBYBATH 3317151 BUALICHHS OCOOIMBOCTEN Ha aepoOTO3HIMKAX; 03HAUEHE JJ03BOJISIE
YaCTKOBO aBTOMATH3yBaTH BUIJICHHS IITYYHUX 00’ €KTIB Ta TomorpadiyHUX OCOOIUBOCTEH
nanamadty [3]. OcobinBO akTyalbHUM B O3HAYEHOMY € IOLIYK 1 BUSIBICHHS 00 €KTIB Ha
3HIMKaxX HEBHUIMMOTO [iama3oHy, B iH(pauepBoHii abo ynbTpadioneToBiii 30HI, KOJIH
HOHSATTSI KOJBOPY 3 TOTJISIAY JIFOJIUHH HE iCHYE.

CucreMu KOMIT' FOTEPHOTO 30py uisl 00poOsieHHsT (ororpadigHoro 300pa’keHHsS Ha
OCHOBI mTyuHUX HepoHHHX Mepex (IIIHM) morpeOyroTh 3HAUHMX TPYAOBHX BUTpaT Ha
CTBOpeHHs1 0a3W 3HAaHb i1 HaBYaHHA. Taka 0a3a JaHUX TTOBMHHA MICTUTH BXIiTHE
300paKeHHsSI Ta PE3yJIbTaT OOPOOKH, SIKWHA CTBOPIOE EKCIIEPT 3a JIOMOMOTOK PYYHHX abo
HaliBaBTOMAaTUYHUX MNPOTPaMHUX 3aco0iB. 3BICHO, pydyHa Hpals € MOBUIBHOIO Ta MOXE
MICTUTH JIIOJCbKI TOMHJIKH, IO HETaTHMBHO BIUTUBAaTHMME Ha pe3yibrarT HaByaHHs IITHM.
[HOMI cucTeMU NO3BOJISIFOTH BiJOKPEMITIOBATH OCOOJIMBOCTI 300pakeHHs imeHTH]ikamii mux
ocobnuBocTeil. Hampukiaa, aBToMaTuyHe BUAUICHHS HUIAXIB 3 acQalbTHUM MOKPUTTAM IiJ
yac noOyoBu npukiaziB s HapuaHHs [ITHM 3 nmonanbmioro pyyHoro kiacupikaiiio 3HAYHO
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MIPUCKOPUTH MpOIeC MIArOTOBKU JaHMX JJis HaB4aHHA. [1oJiOHI cHCTEMM MPOEKTYIOTHCS HE
JMIIE JUIs CUCTEM ONTUYHOTO KapTorpadyBaHHA, a M JUIs CUCTEM pajiosIOKaliiiHOT po3BiAKH
[4]. Tomy B poOOTI MOCTaBIEHO 3a METy OTPUMATH CHUCTEMY TEKCTYPHOI CerMeHTaril
300pakeHHs 7S TOJaNbInoi pyuHoi Kinacudikarii BUALIEHUX eIEMEHTIB.

AHaji3 ocTaHHIX JocHilKeHb 1 mnyOmaikamiii MOM0 TEKCTYpHOI CerMeHTarii
¢dororpadiuyHrx 300pakeHpb MMOKa3aB MIUPOKE KOJIO HUIAXIB 3aCTOCYBaHHS BKa3aHOI oreparii.
B mpai [5] BUKOPUCTaHO CTaTUCTUYHI BJIACTHBOCTI ()parMeHTIB 300pakeHHS 3 IMOJAJIbIINM
BiIOOPOM 3HAYyImUX O3HAK JJIg BUIUICHHS MJUISHOK PEHTTCHIBCHKOTO JIOCIHIKEHHS
ypaXXeHHSI JIET€Hb BIpycOM. Y TONAIBIIOMY JOCHIIKeHHI [6] BUKOpHCTaHO IH(pPOBE
300paXEeHHS 3 HACTYIHOIO CErMEHTAIl€l0 JUIS BHIUICHHS YpPaKEHHS IIKIpU JIIOJWHHU.
MynbsTHCIIEKTpaIbHI (hoTorpadiuni 300pakeHHS Jal0Th MOXJIMBICTh BUKOPHCTATH HEHPOHHI
Mepexi /Ui TOIIyKy IPUOKOBHUX ypa)XXeHb KyJIbTYPHHX pociuH [7]. B 3araipHOMY HiICyMKY
po0OTH, IPUCBSIUEH] CErMEHTAIli] 300pa)KeHHsI, MOKHA OJUINTH 32 TAKUMHU KPUTEPIIMU:

— BUKOPHCTaHHS KOJBOPOBOTO 300pakeHHs [8], Tpanmamii ciporo y BHIUMOMY
niamasoni [9] Ta mynbTucnekTpanbHi 3HIMKH [10];

— BU3HAUCHHS HAJEXHOCTI (parMeHTy 300pakeHHs [0 TIEBHOTO Kjacy 3a
CTAaTHCTUYHUMH O3Hakamu [11], 3a momomororw HaB4YeHOi HelpoHHOI Mepexi [12]; okpemo
CHiJ BUAUIUTH QITOPUTMHU, SKI CHUPAIOTHCS HAa BHU3HA4YeHI (Pi3MUHI BIACTUBOCTI 13
300paxkenHs [13].

PosrsiHyTI cMcTeMU TpH3HAYEHI JUTSI BU3HAYCHHS BJIACTHBOCTEH, SKi € BHJUICHI B
HaBYaJIbHOMY Kopmyci. ToOTO cHCTEeMH CerMeHTamii He MOXYTh CErMEHTYBAaTH Ha
300pakeHHI 00’ €KTH, SIKI MiJ Yac HaBYaHHSI CHUCTeMH He Oynm mpezacraBieHi. Tomy €
aKTyaJIbHOIO 3aJlada BUIUICHHS Ha 300pakKCHHI CXOXKHX 33 TEKCTYPOIO 30H 3 BHJIUICHHSIM
OKpeMHX (pparMeHriB, sIKi MAarOTh JIOKAJbHI OCOOJHMBOCTI, IO HE TPEACTABJICHI HA 1HIIMX
TUTSTHKAX 300payKeHHS.

IMocTanoBKa MeTH i 3a7a4 JocailzkeHHsA. B pe3ynbraTi aHamizy MOMXIJIMBOCTEH 10
cermeHTallii nudpoBoro 300pakeHHs OyJI0 BCTAaHOBICHO, IO ICHYIOTh METOJH, SIKi
IPYHTYIOTBCSl Ha QJITOPUTMaXxX Kiactepusalii ¢pparMeHTiB 300paXeHHS K 32 CTATUCTHYHUMHU
BEJIMYMHAMHU OTPHMAaHUX i3 ()parMeHTIB 300pa’keHHs, TaKk 1 Ha KiacTepu3alii pe3yJbTaTiB
poOOTH HEHPOHHUX MEpEX, SKi IMOMEepeNHhO HaBYEHI Ui Kiacu@ikaiii 300pakeHHS Ha
IHIIUX BIJOMHUX KOpITycax po3MiueHUX 300pakeHb. ToX BHSBICHO HEIOCTaTHIH CTaH
JOCITIDKCHHST BUSIBJIICHHS TIOINYKY BIIXWICHHS BiJ HOPMH B TEKCTypHUX €IIEMEHTax
300paXeHHS, IO BCTYNMAa€ B NPOTHPIYYS JO BUMOI IOIIYKY HEBIJOMHUX €JIEMEHTIB Ha
U(POBHUX 300paKCHHSX HEBEJIIMKOTO Po3Mipy (puc. 1).

Pucynok 1 — [Ipuknax acpodoTo, Ha TKOMY MOTPIOHO MTO3HAYXTH 30HH HETHUIIOBOTO JIAHIIIADTY
IDicepeno: [14]
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JInsg BUpIMIEHHS BH3HAYEHOTO MPOTHPIYYS IIOCTaBJICHO 3a METY CTBOPEHHS W
peanizamilo METOJy BU3HAYCHHS YAaCTHH 300paKeHHS, SIKi 32 TEKCTYPOIO BHIUIAIOTHCS Ha
3araJbHOMY (OHI 1 MOXKYTh TPAKTyBAaTUCS SK BIIXHMJICHHS BiJl TUTIOBOTO CHTHAJY JIOKAIBHOTO
PO3MOJIICHHS SICKPaBOCTI Ta KOJbOpY Ha wudpoBoMy 300paxkeHHI. Tox 00’e€kTOoM
JOCIIJDKEHHSI € TPOLeC CEerMeHTalii 300pa’keHHs A MOUIYKY BIIXWICHb TEKCTYPH BiA
TUTIOBUX BHWIIAJKIB, TMPEAMETOM — METOAM CEeTMEHTAIil 300pakKeHHS IS BUALICHHS
BIJIXWJIEHb TEKCTYPHUX OCOOJIMBOCTEH BiJl HOPMH.

ChopmynpoBana MeTa JOCHIDKEHHS MICTUTh pPsJ HEBU3HAYCHOCTEH, SIKI CIIiJ
BUPILIUTH HIISIXOM PO3B’A3yBaHHS TAKUX HAyKOBO-TEXHIUHUX 3ajau:

1) BUKOHATH aHaJli3 METO/IiB CETMEHTAIli1 300pakeHHs Ha 3aCTOCOBHICTH 10 BUALICHHS
HETUITOBHX TEKCTYPHUX OCOOJIMBOCTEI;

2) CHUHTE3yBaTH METOJ, NPHUIATHUH /O BHIUICHHS HETUIIOBUX TEKCTYpHUX
0COOIHUBOCTEN;

3) BU3HAUUTH 3aCTOCOBHICTH 3aIIPOIIOHOBAHOIO METO/ly Ha TECTOBHX MPHUKIAIaX.

Bukiiax ocHoBHOro marepiany. 3a pesynbrataMu JOCHIIKCHHS BIIOMHUX METO/IIB
NPOBEICHO X KJIacH(iKallio 3a NpUHIUIOM iXHbo1 1ii. [Ipr oMy BpaxoBaHO JBOETAIHICTh
poOOTH METONMKM CerMeHTaulii 300pakeHHs, a caMe MIiATOTOBKM BEKTOpa O3HAaK s
¢parmMeHTiB 300paskeHHs] Ta Ha OTPUMAaHHSA Kiacy s (parMeHTy 300pa)kKeHHS Ha OCHOBI
BEKTOpa BUAUICHUX O3HAK (pHC. 2, Jie IyHKTUPOM MOKa3aHO JOJATKOBI JIii, HPUCYTHICTD SIKMX
He € 000B’S13K0BAa B MMOOYOBAHOMY aJITOPHTMI).
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Pucynoxk 2 — Meroanka po3noainy gpparMeHTiB 300pakeHHs Ha KIacu
icepeno: pospobneno asmopamu
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AnropuT™MHu KiacTepu3allii B CBOil OUIBIIIOCTI BUMAararoTh BHU3HAUYEHOI 3a3/1ajieTillb
KUTBKOCTI BUKOPUCTOBYBaHUX KjaciB [15]. OnHak Ha MpaKTHIN BUAUICHHS KUTBKOCTI KJTaciB €
HEOJHO3HAYHOI 3ajadyero. ToMy Yy BHIIQIKaX, KOJW KUIBKICTh KJaciB HEBiIOMa,
3aCTOCOBYETHCS 1HIIA MHOXKMHA METOMIB KJIacTepu3allii, HalpHKIaJ, caMOOpraHi3alliiHi
HelipoHHi Mepexi [15].

ITocTtaBnena wmeTa s BUIUICHHS HETHUIOBUX OO0’€KTIB Ha 300pakeHi, sKi
BIZIPI3HAIOTHCS BiZl POHY TEKCTYPHHMH OCOOJIHMBOCTSIMH, MAa€ BIACTHUBICTh MaJioi KUTBKOCTI
BKIIIOUEHHS. [HOMI Taka 0OcOONMBICTH MOKe OyTH B3arajil OJMHHYHOIO. TOMy CTaHAapTHI
METOAM KjacTepu3allii OyayTh BITHOCUTH 00’ €KTH 3 HU3bKOIO YaCTOTOIO MOTPAIUISIHHS B MOJIE
30py 10 IHIMX OJM3BKHUX 32 BIACTHBOCTSMH KJIACTEPIB. 3BIJICH BUILUIMBAE BUMOTA 0 METOMY
KJacTepu3allii: aBTOMAaTHYHE BH3HAYECHHS KUIBKOCTI KIAcTepiB 3 BHU3HAYCHHSAM SBUIIA
“BUKMIIIB” — BHUIUICHHS OKPEMHUX HETHIIOBUX OO’€KTIB, fKI B TMPHKIANaxX AN HAaBYaAHHS
KJ1actepusaropa Oyiu BiZICyTHI a00 MpeIcTaBlIeHl B OUHUIHUX KUTBKOCTAX [16].

3riIHO 3 MOCTaBJICHUMHU BUMOTAaMH JI0 aITOPUTMY CeTMEHTallli 300pa)keHHs, STKUi €
Bapialli€ro METOANKH, CXEMY KO MPeICTaBICHO Ha pucC. 2, chOpMYIbOBAHO TaKi BUMOTH:

1) pparmenTn 300pa)keHHST TOBHHHI OyTH TaKOro pO3Mipy, SKHH XapaKTepHUU
pOo3Mipy AeTalne, mo € B IPUOIM3HUX PO3Mipax 00’ €KTiB 3aI[iKaBICHOCTI;

2) 3 IPUYHHMU, IO 3a3/1aJETilb HEBIJOMI BIACTUBOCTI 00’ €KTIB, SKi € BIAXUJICHHIMH,
MoTepeHE BUAUICHHS CTAaTUCTUYHO 3HAYYLIMX BIIACTUBOCTEW Ta HaBYaHHS HEWPOHHUX
MEpeX € HEMOXJIMBUM, MOXIMBE BUKOPUCTAHHS HEHPOHHUX MEPEXK, IO HABUYAIOTHCS 0e3
BUYUTEIIS, Ta MONEPETHHO HABYCHUX 3TOPTKOBUX YACTHH HEUPOHHUX MEpex IS Kiacudikarrii;

3) cTaTUCTUYHI XapaKTePUCTUKH (ParMeHTiB, SK 1 BEKTOPU O3HAK 3 BHUXOAY
HEHPOHHUX MEpPEeX MPUHUMAIOTHCS SK BEKTOPH O3HAK, sSKi OyIyTh BXIJIHUM MaTepiaioM IS
KIacu(iKaToOpiB 3 METOIO BUIIJICHHS BIIXUJICHD;

4) BU3HAYAIOThCS 32 BEKTOpPAMHU BIIACTUBOCTEW Ti (hparMeHTH 300pa’keHHs, fAKi €
HEXapaKTEPHUMHU JJI 300pakeHHs, a00 Tpynu 300paKeHb, K1 MiUISITal0Th aHATI3yBaHHIO.

B pe3ynbTari BU3HaYEHUX BUMOT, SIKi BPaXOBYIOTh MOKJIMBOCTI PO3TJISTHYTHX B OTJISI
JiTepaTypd METOMIB, BIJOKPEMIIOIOTHCS 3a BUMOTAaMHU aJITOPUTMH, 3JaTHI pO3B’SA3aTH
MOCTaBJICHY 3a7ady. 30KpeMa, MEpIIUid IMyHKT € 3aJayero, sika PO3B’SI3Y€TbCS B MeExkKax
BUKOPHUCTaHHA 0a3oBux anroputmiB [17]. HeBusHauyeHIiCTIO a00 BapiaTHBHOIO YaCTUHOIO
QITOPUTMY € 3aJaHHS po3Mipy (parMeHTIB 300pa)keHHs, SKi MOTPiIOHO (opmyBaTh s
aHamizy. ITosHaunmo 110 Benuuuny sk 0. Hexait 11 BeMunHa 3a1a€ThCS CKCIEPTOM, KU
PO3paxoBy€e po3Mip 3a BiIOMHUMH PO3MipaMu 00’ €KTiB, K ITYKATUMYThLCSI Ha 300pakeHHI 5K
TEKCTYpa, 0 PIAKO 3yCTPIHAETHCS.

Hactynnuii, qpyruii, myHKT MIiCTUTh HETPUBIAJIbHY 3a/lady Mepexoay Bia 300paskeHHs
po3mipom dxd mikcemiB 0 BEeKTOpa 03HAaK. BimmoBigHO 10 chOpMyILOBaHOI METH POOOTH,
O3HAKH MOBUHHI MICTUTH XapaKTEpHI PUCH TEKCTYPH 1HBapiaHTHI 1O MEPETBOPEHb 3CYBY Ta
o0epTaHHIO. 3BICHO, III BUMOTH € HACIIiIKOM ySIBHOTO €KCIEPUMEHTY, KUl pO3KpHUBae, IO,
HaIPUKJIAJ, YarapHUK He Mae OyTH MPUUHATHN PI3HUM MPHU 3CyBax KaMepu abo (parMeHTy
300pakeHHs. Y 3B'I3Ky 3 LIMM, aBTOpaMM 3BEpHYTO yBary Ha poOOTH, fKi TOB’s3aHi 3
aHaNi3yBaHHSIM LHU(PPOBOro 300pakeHHS SK TEKCTypu. TOXK 3a aHaloriero oOpaHo
CTATUCTUYHI O3HAKH, SKI 3MIHIOIOTh CBOE 3HAYEHHS 3a PO3IMOAUIOM SCKPABOCTI MIKCEIIB
dbparMeHTy 300pakeHHs, a HE 3a iX po3ranryBaHHsaM [12]. Takox mpuitHsaTo 3a ePEeKTUBHE
BUKOPUCTAHHS TEKCTYpHHUX 1JEHTU(]IKATOPIB 3 CUCTEM, SKi IPYHTYIOThCS Ha IITYyYHHUX
HEHPOHHHUX MEpeKax JJIs MEPEHECeHHsI CTIIIIO 300pakeHHsl [2]: MmaTpuilk ['pama 111 MacuBiB
OTPUMAHUX 31 3TOPTKOBHX MIApiB IITYYHHX HEHPOHHUX MEpex id Kiacu(ikyBaHHS
U(PPOBOro 300paskeHHS.
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OTpumaHi BEKTOpPH O3HaK MarOTh JIOCUTh 3HAUYHY BHUMIPHICTb, KOJH KIUIBKICTh
KOeQIIli€HTIB y BEKTOpPI O3HAK MOXKE CsraTu KiTbKa JECATKIB, a 1HOAI ¥ coTeHb. B Takux
yMOBax po0OOTa aNropuTMIB aBTOMATHYHOI KiIacudikaiii € TMOBUIBHOI Ta pe3yJbTaTh
HA/AIOTHCS 3 Masioro TouHICTIO [18]. ToMy y bOMy BHUMAIKy CIIiJi BUKOPHUCTATH aITOPUTMHU
3MEHILIEHHS PO3MIPHOCTEH, KOJIM BiJl BEKTOpA O3HAK 3aJMILNAIOThH JIMIIE 3HAYYI MapaMeTpH.
Hampuknan, pocTtaTtHICTh I MPAKTHYHOTO 3aCTOCYBaHHS TIOKa3alM JIHIMHI METOON
rojoBHUX KoMoHEHT (Principal Components Analysis, PCA) [19]. OnHak Ha MPaKTHUIl, KON
BX1JIHUX JaHUX JUIsI 0OpOOKHM € 3HayHa KUIBKICTh, MPOCTIP KIACTEPiB CYTTEBO BiAPI3HAETHCA
Bl JNHIMHUX 3aJIEKHOCTEH, a Kpalll pe3yibTaTH [aloTh CHCTEMH CaMOOpraHisarlii,
Hanpukiaj, HelipoHHi Mepexi Koxonena [20, 21].

32 OTpUMAaHUMH BEKTOPAMHU O3HAK MOXJIHMBO TMONEPEIHBO 31 3MEHIICHHSIM
po3MipHOCTi, OyayeThcs KiacTepusamis. Sk 3a3Ha4yeHO B YETBEPTOMY IIyHKTI BHUMOT,
AJTOPHUTM KJIacTEepHU3aIlii MOBUHEH JaBaTH OIIHKY HAJIEKHOCTI 00’ €KTa JI0 MEBHOTO KJIacy, Je
HETHUNOBI 00’€KTH OyAyTh MaTH CIaOKy HAJEKHICTh JO BCiX OCHOBHHMX HAsBHUX KIIACiB.
Takok MTPUITYCTUMO BHUKOPUCTAHHA IHIIMX METOMUK (DIMTbTpyBaHHS BUKHIIB. 3ais
CIIPOIIIEHHS OCTAaTOYHOTO AJITOPUTMY VY IIii poOOTI BUKOPHUCTAHO JUISl TIOUIYKY BHUKHIIIB
pe3ynbrar Buxony Mepexi Koxonena. Bci BXifHI BEKTOpM O3HAK IEPETBOPIOBAIUCS Y
JBOBUMIPHI KOOPAMHATH BUXOJly HEHPOHA-TIEPEMOXKIIS, IO 151 MHOKUHU 00’ €KTIB CKJIa1aI0
pO3MOAICHHST WMOBIPHOCTI 3HaXOJDKEHHS 00’€kTa 3a Buxomamu Mepexi Koxonena. VY
BUTIA/IKaX BUSBJICHHS HEHPOHA-TIEPEMOXKIIL 3 HU3HKOIO MMOBIPHICTIO aKTHBAIlll BBAKAETHCS,
00 HA BXiJA HAMIUIIOB OO0 €KT, SKUW € HETUIIOBUM MJI PO3TISHYTOTO IM(GPOBOTO
300pakeHHSI.

Cuctema 3 mepexeto KoxoHeHa posrismanacs y IBOX BHITAIKaX: MEPIIMNA BUMAI0K
BUMaraB, 100 Mepexa HaByajgacsi 3 IOYATKy IiJl 4ac aHali3yBaHHS KOXHOTO Habopy
OHOTHITHUX IHU(PPOBUX 300pa’keHb; B IHIIOMY BHUMNAAKYy Mepeka Uid aHali3yBaHHS
HAaCTyITHOTO Habopy 300pakeHb Opasiacs B)KE HABUCHOKO Ha TOMEpEeaHIX 300pakeHHsAX. B
HepuIoMy KeWci cHUcTeMa J1a€ XOpOIIi pe3ysbTaTH Uil KOXKHOTO JIOCUTh BEIIMKOTO Habopy
OJIHOTHUITHUX 300pakeHb, B AKHX IIYKAIOTHCS aHOMAJii, 1 MPU IIbOMY Bif HaOOpy 10 Habopy
XapakTep 300paKeHb MaB 3HA4HI BIIMIHHOCTI. B apyromy — 3Ha4HO Kpallli pe3yJbTaTh
OTPUMYBAJIMCS JUIi HEBEIWKHUX HAOOpIB BXIAHHUX 300pakeHb, ajie IX XapakTep 3aJIUIIaBCs
HE3MIHHHMM BiJ] IOTIEPEIHBOTO CEAHCY aHaTi3yBaHHS /10 HACTYITHOTO.

3a pe3ynbTaTaMH JOCIIDKEHHS CXeMa, MpeJCTaBlIeHa Ha puc. 2, Oyna yTO4HEeHa 0
CXEMHU Ha puc. 3.

[ToOynoBaHuii alrOpUTM, CXEMAaTHYHO MPE3CHTOBAHUN Ha PUC. 3, HE € OJIHO3HAYHHM,
3a METOAMKOIO 3 PHC. 2 € MOXKIIMBICTb OyIyBaTH iHIII aNTOPUTMHU JUTsl CXOKUX 3a71ad. OTxke, €
MOYJIMBICTh 3pOOWTH TOPIBHAIIBHY XapaKTEPUCTUKY Ha e(EeKTUBHICTH pPOOOTH HHU3KU
QITOPUTMIB T2 METOIB MOIIYKY aHOMaliid Ha 1udpoBux (pororpadidyHux) 300paKEHHSX.
[Ipote, 3 mpUUMHU OiNBII BY3bKO IOCTABJICHOI 3aadi, aBTOPAMH EKCIEPHUMEHTAIbHO
BUSIBJICHO JIOCTATHICTh TOYHOCTI pOOOTH aJTOPUTMY 3a CXEMOI0, MMPEe/ICTaBlIeHa Ha PHC. 3.
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300pakeHHs

@parMeHTH 300pakeHHS
dxd

BunaakoBuii mym jjist

4'74— MiABUILIEHHS CTINKOCTI
HapuanHsa [ITHM

Cepenus )

SICKPaBICTh

Hucnepcis

SICKPABOCTI

AcheTpls{ > IITHM KoxoHeHa
SICKPAaBOCT1

Buxiagauii BekTOp

3roptkoBoi HIHM | / [

Temul1 TUISTHKA
BIAMOBI1AAIOTH
BUKHIAM

PucyHok 3 — AnropuT™ BUAJICHHS BUKUAIB B OCOOJIMBOCTI TEKCTYPH 300paskeHHS
Locepeno: pospobaeno agmopamu

ExcniepuMeHnTaibHa YacTHHA. ABTOPaMHU PO3TIITHYTO TPHKIIAI aTOPUTMY TMOLIYKY
oco0nuBoCcTel Ha 1udpoBoMy 300pakeHH] (puc.3). AJTOpUTM peandi3oBaHO MOBOIO
nporpamyBaHHs Python 3a JONMOMOrol JOMOMIKHHX O0i0mioTek numpy s poboTu 3
macuBamu, OpenCV st poboTH 13 300pakeHHSIMHE Ta fensorflow nns podotu 31 ITHM.

B pesynbprari 3acTtocyBaHHS CXEMH 3 pHUC.3 pPO3POOIEHO anrOpUTM BHUILICHHS
0COONHMBHX AUITHOK Ha (oTorpadivHOMy 300paxkeHHi (puc. 4). ANropuT™M BUMarae HaBYaHHS
HEWPOHHUX MEpEeX, 10 MoTpedye 3HAYHOTO MAaIIMHHOTO Yacy. BoaHoyac, 11e KOMIeHCYEeThCs
YHIBEpCAIIBHICTIO QITOPUTMY, SIKHH MPHCTOCOBYETHCS A0 IIMPOKOrO Koja 300pakeHb. Ha
MoyaTKy poOOTH HOpPMOBaHE 300paxeHHs y ¢opMmaTi “SICKpaBiCTh, BIATIHOK, HACHYEHHS
po3MipoM wXxh Tikcened HOpMyeThcs n0 mianazoHy [0; I] i momuisieTbess Ha (QparMeHTH
po3MipoM d Xd=24%24 3 MEpEeKpPUTTSIM 13 KPOKOM ¢=3. 3aBISIKM MaJIOMy KPOKY JUIsl HABYaHHS
MEpPEK 3 OAHOTO IU(GPOBOTrO 300paxeHHs oTpumyeThes moHan 100000 ¢parmentis. Boru
BUKOPHCTOBYIOThCS isi HaBuaHHS [IIHM aBTOSHKOAEPY, SIKMH CKJIQIA€THCS 3 3TOPTKOBHX
mIapiB i3 0OpaHHSM MaKCHMAJILHOTO €JIEMEHTY B YaCTHHI €HKO/epa Ta TIOBHO3B’ SI3HUX IIapiB
B yacTuHi Jekoiepa. Ha Buxoxi enkogepa mudpose 300pakeHHsT po3MmipoM 24 x24 mikceni
NIEPETBOPIOETHCS Y BEKTOP 3 16-TH 3HAYEHB 3 PyXOMOIO KOMOIO. Llel BEKTOp OTIOBHIOETHCS
JOJTATKOBOIO CTATUCTHUYHOIO iHGOpPMAIIIE€I0 TPO CEPEAHI0 SCKPaBiCTh Ta JPYTUH, TPeTii 1
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YeTBEPTU MOMEHTH SCKpaBOCTi. Takok BHKOpHUCTaHO iH(OpMALil0 3 KaHaTy, SKHHA
BIJIMOBIJ1a€ 3a KoJip. B pe3ynbraTi BeKTOp 03HAK OyB PO3IMMPEHUN 10 22-X 3HAYEHBb, KOKHE
3HaYeHHA 3 SKUX (KpIM TPETHOIO MOMEHTY, SKHH MoXe OyTH BiJ’ €MHHM) HAJEKHUTb
IHTepBay BiJ HYJS 10 oauHUIl. OTpUMaHi BEKTOPH O3HAK BUKOPUCTOBYIOTHCS /IS HABUAHHS
camoopranizauiinoi IIIHM Koxonena po3mipom 32x32 HelipoHu. Pesynprar Takoro
HaBYaHHS IS BX1AHOTO 300paxkeHHs (puc. 1) mpeacraBieHo Ha puc. 4.

pixels, y

0 5 10 15 20 25 30

pixels, x

Pucynok 4 — Kiacrepusanis ¢pparmenTiB 300pakeHHs (puc. 1) po3mipom 24x24 mikcesi JBOBUMIPHOIO
mepesxero Koxonena 32x32=1024 HelipoHH, ICKPaBICTh MPOIOPIIiiHA YACTOTI IEPEMOXKHOTO HEHPOHY
Loicepeno: pospobaeno asmopamu

BisyanbHo puc.4 p1a€ MOXIUBICTH BH3HAYUTH CYKYNHICTH OUIBII YacTOTro
NOTPAIUISIHHS O3HAK, BUKOPUCTAHWUX TPW HaBYaHHI, 10 HeipoHa-mepeMoxis. Llum 30HaM
CKYMUYEHHS BiJNOBIJAIOTh 30HH MiABHIIEHOI SICKpaBOCTi. CErMeHTH 3 TEMHUMH KOJbOpPaMHU
BIJINOBIIAIOTh HEMpOHAM, SKI € TEPEeMOXKISIMH Yy 3HaYHO MEHINMX BHUMankax. llepeBaroro
TAKOTO BUWJIUICHHS PIJKICHUX BIIACTUBOCTEH € Te, II0 BIACYTHA TOTpeda y 3a3/mameriib
BU3HAYCHIN KUIBKOCTI KJaciB ¢parMeHTiB 300pakeHHs. [loBHUI Tporec mMpe3eHTOBAaHO Ha
puc. 5.

[Ticna 3aBepiieHHST OMUCAHUX i aJTOPUTM OTPUMYE HATPEHOBAHWHA CHKOACP Ta
HaTpeHoBaHy Mepexxy Koxonena. Ha cxemi i3 puc. 5 BEKTOpH O3HAK OTpUMaHi 3 €HKOJepa Ta
HATPEHOBaHa 3 X BUKOPUCTAHHAM Mepeka KoxoHeHa mo3HaueHi TEeMHUM KOJbOPOM.

Ha nmotoynomy etami 710 Kozepy HarpasiieHi pparMeHTH 300pakeHHs 0e3 MepeKpUTTS,
TOOTO TIpH po3Mipi d Xd TIKCENB KPOK MK TOUYKAMH MOYATKy (parMeHTIB TaKOX CKiIagae d
mikceniB. B pe3ynbraTi KiJBKICTh ()parMeHTIB Ui OLIHIOBAaHHS cTae Onu3bko B 50 pasiB
MEHIIIOI0. YTBOPEHI BEKTOPH aKTYallbHOTO HHM(POBOTO 300pa)K€HHS HAMPAaBISIOTHCS 0
HaBueHoi Mepexxi KoxoHeHa 1 Ti (parMeHTH, BEKTOPH O3HAK SKHX IOMNAJal0Th HA HEHPOHU-
MEPEMOKII 3 MaJIOI0 WMOBIPHICTIO aKTHBaIlii (TEMHHMM KOJIp Ha puC. 4), TO3HAYAIOTHCS 5K
(parMeHT, 10 MICTUTh HETUIIOBY TEKCTYpY.
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Pucynok 5 — Jliarpama nociigoBHOCTI Aili omIyKy ocoOnmBocTel Ha MpoBOMY 300pakeHH1
Licepeno: pospobaeno agmopamu

PesynbraT 3acTocyBaHHs alropuTMy AJs puc. 1 moka3aHo Ha puc. 6:
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PucyHok 6 — Pe3ynbTar 3acTocyBaHHS QJITOPUTMY BU/IIJIEHHSI HETUIIOBUX TEKCTYD
Lowcepeno: pospobaeno agmopamu

BucHoBku. Y po0OTi CTBOPEHO Ta peai3oBaHO METOJ BU3HAYCHHS YAaCTHUH
300pakeHHS, K1 32 TEKCTYPOIO BUIUISIOTHCS Ha 3arajbHOMY (DOHI 1 MOXKYTh TPAKTyBaTHCA K
BIIXWJICHHS BiJl TUIIOBOTO CHUTHATY JIOKAJIBHOTO PO3MOJIICHHS SICKPABOCTI Ta KOJHOPY Ha
300paxkenHi. I1ix yac nociikeHHs MPOBEAEHO KJIACH(iKaI[il0o BUMOT JI0 CUCTEM CerMeHTallii
300paXeHHSI Il TIO3HAYEHHS HETHIIOBHX TEKCTYPHHX  OCOOJIMBOCTEH, BHSIBIICHO
PI3HOMAHITHICTh METOAIB Ta QJIrOPUTMIB PO3B’sI3aHHS TMOMIOHUX 3aJad, MPOBEIACHO
y3araJlbHEHHSl TPOIECY TONIYKy OCOOMMBOCTEeH Ha HU(POBOMY 300pa’keHHI IOETAITHO.
Po36uTTs Ha eranmu MOLIYKYy OCOOJIMBOCTEH MO3BOJMIIO apryMEHTOBAHO OOMpaTH METOAU i
QITOPUTMHU, SIKi 37aTHI BUKOHATH TIOCTaBIIEHY 3ajady. Takox cQOopMyIbOBaHO BUMOTH [0
METOAIB Ha KOXXHOMY €Tami, II0 JO3BOJWJIO BIJJOKPEMHUTH BIJOOpa)XeHHs (pParMeHTiB
300paXeHHSI Y BEKTOP O3HAK 3a JIOTIOMOTOI0 MITy4HOI HEHPOHHOI Mepexi (TpeHOBaHHWH Ha
OKpeMOMy 300pakeHi aBTOEHKOJepy) 3 KOMOIHALI€I CTAaTUCTMYHMX O3HAK (parMeHTIiB
PPOBOTrO 300pakeHHs. 3a IOTIOMOTOI0 YHCEIBHOTO €KCIIEPUMEHTY MOKa3aHo, IO yTBOPEHI
BEKTOPH O3HAK MJUIIraloTh Kiacugikauii mTy4Hoi HelipoHHOI Mepexxi KoxoHeHa, sika 31aTHa
BUSIBJISITA HETUTIOBI (pparMeHTH 300pakeHHs 3a IXHIMH BEKTOpaMH O3HAaK.

3a po3poOJIECHOI0 CXEMOK mnouryky ocobiuBocTedl Ha mudpoBOMY 300paskeHHi CTBOPEHO
nporpaMHe 3a0e3nedeHHs, sKe peajidye oO3HaueHi Mdii, a TaKoX eKCIIePHUMEHTAIbLHO
BCTAHOBJICHO 3aCTOCOBHICTb CTBOPEHOIO aJITrOPUTMYy TIOIIYKY HETUIOBUX TEKCTYpHHUX
0COOJINBOCTEH.

3anponoHOBaHUN METOJl OOpaHHS alrOpUTMIB OOPOOKM 300pa)KeHHs J103BOJISE
IPOEKTYBaTH HOBI Ta IMOBTOPIOBATH iCHYIOWi BapiaHTH JTOPHTMIB CETMEHTAIlil U(PPOBOTO
300pakeHHs. Ha jkanb, SIKICTh CerMeHTalii MOKHa MOpPIBHATH JMIIE Bi3yanbHO. Take
OLIHIOBaHHS € HE JIMIIe TOBUIBHUM, ajleé ¥ MICTUTh CyO’ €KTHBHY CKJIaIoBy. TOX
nepcnekmuea nooanbUiUX po36i00K —CTBOPEHHsS BapiaHTIB aJrOPUTMIB CErMEHTalil Ta
NOPIBHAHHA 1X pOOOTH 3a TEPEKPHUTTSAM BiIMIYEHHUX 30H, IIO O3HAYATHME ‘‘KOJCKTHBHE
0adeHHs” 0COONMBOCTEL.

Cnucok nitepaTypu

l. Diwakar Tripathia, Damodar Reddy Edlaa, Venkatanareshbabu Kuppilia, Annushree Bablania, Ramesh
Dharavath . Credit Scoring Model based on Weighted Voting and Cluster based Feature Selection.
International Conference on Computational Intelligence and Data Science (ICCIDS 2018), Procedia

343



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Computer Science 132 (2018) 22-31. https://www.sciencedirect.com/science/article/
pii/S1877050918307877 (Last accessed: 12.04.2022)

Hong-an Li, Qiaoxue Zheng, Xin Qi, Wenjing Yan, Zheng Wen, Na Li, Chu Tang. Neural Network-
Based Mapping Mining of Image Style Transfer in Big Data Systems. Computational Intelligence and
Neuroscience, vol. 2021, Article ID 8387382, 11 pages, 2021. https://doi.org/10.1155/2021/8387382
Vadym Slyusar, Mykhailo Protsenko and other. Improving neural network model for semantic
segmentation of images of monitored objects in aerial photographs. Eastern-European Journal of
Enterprise  Technologies. ISSN 1729-3774, DOI: 10.15587/1729-4061.2021.248390. P. 86-95.
https://slyusar.kiev.ua/Article%20Text-573693-1-10-20211229.pdf

Potapov A.A., German V.A., Grachev V. I. "“Nano” and radar signal processing: Fractal reconstruction
complicated images, signals and radar backgrounds based on fractal labyrinths. 2013 14th International
Radar Symposium (IRS), 2013, pp. 941-946. https://iceexplore.icee.org/abstract/document/6581701 (Last
accessed: 15.04.2022)

Qiang Zuo, Songyu Chen, Zhifang Wang. R2AU-Net: Attention Recurrent Residual Convolutional
Neural Network for Multimodal Medical Image Segmentation. Security and Communication Networks.
Vol. 2021, Article ID 6625688, 10 pages, 2021. https://doi.org/10.1155/2021/6625688

Wang Shuhang, Hu Szu-Yeu, Cheah Eugene, Wang Xiaohong and other. U-Net Using Stacked Dilated
Convolutions for Medical Image Segmentation. https://arxiv.org/abs/2004.03466 (Last accessed:
15.04.2022)

Veys, C., Chatziavgerinos, F., AlSuwaidi, A. et al. Multispectral imaging for presymptomatic analysis of
light leaf spot in oilseed rape. Plant Methods. 15,4 (2019). https://doi.org/10.1186/s13007-019-0389-9
Tang, Peng, Chunyu Wang, Xinggang Wang, Wenyu Liu, Wenjun Zeng and Jingdong Wang. Object
Detection in Videos by High Quality Object Linking. IEEE Transactions on Pattern Analysis and
Machine Intelligence. 42 (2020): 1272-1278. https://ieeexplore.ieee.org/document/8686124

Fasola J. and Veloso M. Real-time object detection using segmented and grayscale image. Proceedings
2006 IEEE International Conference on Robotics and Automation, 2006. ICRA 2006., 2006, pp. 4088-
4093, doi: 10.1109/ROBOT.2006.1642330. https://iceexplore.ieee.org/abstract/document/1642330 (Last
accessed: 17.04.2022)

Abuarafah Adnan, Khozium Osama, Abdrabou Essam. Real-time Crowd Monitoring using Infrared
Thermal Video Sequences. International Journal of Engineering Science. 2012. 8. 133-140.
https://www.researchgate.net/publication/236292403 Real-

time_Crowd Monitoring_using_Infrared Thermal Video Sequences (Last accessed: 18.04.2022)
Haralick R. M., Shanmugam K. and Dinstein I. Textural Features for Image Classification. in I[EEE
Transactions on Systems, Man, and Cybernetics, vol. SMC-3, no. 6, pp. 610-621, Nov. 1973, doi:
10.1109/TSMC.1973.4309314.

Pascal B., Mauduit V., Pustelnik N. andAbry P. Scale-free Texture Segmentation: Expert Feature-based
versus Deep Learning strategies. 2020 28th European Signal Processing Conference (EUSIPCO), 2021,
pp- 1367-1371, doi: 10.23919/Eusipco47968.2020.9287829.

Ristanto S., Nugroho W., Sulistya E., Suparta G.B. System and method for stereoscopic image
acquisition. AIP Conference Proceedings 2374, 020014 (2021); https://doi.org/10.1063/5.0058929
GoogleMaps . URL: https://www.google.com/maps/@48.4599286,32.724665,48 1m/data=!3m1!1e3

Ren, M., Zhang, J., Khoukhi, L. et al. A review of clustering algorithms in VANETSs. Ann. Telecommun.
76, 581-603 (2021). https://doi.org/10.1007/s12243-020-00831-x

Ezugwu, A.E., Shukla, A.K., Agbaje, M.B. et al. Automatic clustering algorithms: a systematic review
and bibliometric analysis of relevant literature. Neural Comput & Applic. 33, 6247-6306 (2021).
https://doi.org/10.1007/s00521-020-05395-4

KpeneBnu A.Il. Anroputmu i crpykrypu aanux: miapyd. K.: BIIL "KwuiBcekuit YuiBepcuter", 2021.
200 c.

Marimont R.B., Shapiro M.B. Nearest Neighbour Searches and the Curse of Dimensionality. /MA
Journal of Applied Mathematics. Volume 24, Issue 1, August 1979, Pages 59-70,
https://doi.org/10.1093/imamat/24.1.59

Andrzej Mackiewicz, Waldemar Ratajczak. Principal components analysis (PCA). Computers &
Geosciences, Volume 19, Issue 3, 1993, Pages 303-342, ISSN 0098-3004, https://doi.org/10.1016/0098-
3004(93)90090-R.

Kohonen, T. (1982). Self-organized formation of topologically correct feature maps. Biological
Cybernetics, 43:59-69.

Ojie, Oseikhuemen D., and Reza Saatchi. 2021. Kohonen Neural Network Investigation of the Effects of
the Visual, Proprioceptive and Vestibular Systems to Balance in Young Healthy Adult Subjects
Healthcare 9, no. 9: 1219. https://doi.org/10.3390/healthcare9091219.

344



[SSN 2664-262X IlenTpanbHOYKpaiHChKHi HayKOBHH BiCHUK. Texuiuni Hayku. 2022. Bur. 5(36), 4.1l

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Diwakar Tripathia, Damodar Reddy Edlaa, Venkatanareshbabu Kuppilia, Annushree Bablania, Ramesh
Dharavath (2018). Credit Scoring Model based on Weighted Voting and Cluster based Feature Selection.
International Conference on Computational Intelligence and Data Science (ICCIDS 2018), Procedia
Computer Science 132 22-31. https://www.sciencedirect.com/science/article/pii/S1877050918307877
[in English].

Hong-an Li, Qiaoxue Zheng, Xin Qi, Wenjing Yan, Zheng Wen, Na Li, Chu Tang. (2021). Neural
Network-Based Mapping Mining of Image Style Transfer in Big Data Systems. Computational
Intelligence and  Neuroscience, vol. 2021, Article 1D 8387382, 11 pages.
https://doi.org/10.1155/2021/8387382 [in English].

Vadym Slyusar, Mykhailo Protsenko et al. (2021). Improving neural network model for semantic
segmentation of images of monitored objects in aerial photographs. Eastern-European Journal of
Enterprise  Technologies 1ISSN  1729-3774, DOI: 10.15587/1729-4061.2021.248390. P. 86-95.
https://slyusar.kiev.ua/Article%20Text-573693-1-10-20211229.pdf [in English].

Potapov, A., German, V.A. & Grachev, V.I. (2013). “Nano -” and radar signal processing: Fractal
reconstruction complicated images, signals and radar backgrounds based on fractal labyrinths, 14th
International Radar Symposium (IRS), pp- 941-946.
https://ieeexplore.ieee.org/abstract/document/6581701 [in English].

Qiang Zuo, Songyu Chen, Zhifang Wang. (2021). R2AU-Net: Attention Recurrent Residual
Convolutional Neural Network for Multimodal Medical Image Segmentation", Security and
Communication Networks, vol. 2021, Article 1D 6625688, 10 pages,
https://doi.org/10.1155/2021/6625688 [in English].

Wang Shuhang, Hu Szu-Yeu, Cheah Eugene, Wang Xiaohong and other (2004). U-Net Using Stacked
Dilated Convolutions for Medical Image Segmentation. https://arxiv.org/abs/2004.03466 [in English].
Veys, C., Chatziavgerinos, F., AlSuwaidi, A. et al. (2019). Multispectral imaging for presymptomatic
analysis of light leaf spot in oilseed rape. Plant Methods, 15, 4 https://doi.org/10.1186/s13007-019-0389-
9 [in English].

Tang, Peng, Chunyu Wang, Xinggang Wang, Wenyu Liu, Wenjun Zeng & Jingdong Wang. (2020).
Object Detection in Videos by High Quality Object Linking. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 42: 1272-1278. https://ieeexplore.ieee.org/document/8686124 [in English].

Fasola, J. & Veloso, M. (2006). Real-time object detection using segmented and grayscale images.
Proceedings 2006 IEEE International Conference on Robotics and Automation, ICRA 2006., pp. 4088-
4093, doi: 10.1109/ROBOT.2006.1642330. https://ieeexplore.ieee.org/abstract/document/1642330 [in
English].

Abuarafah Adnan, Khozium Osama, Abdrabou Essam. (2012). Real-time Crowd Monitoring using
Infrared Thermal Video Sequences. International Journal of Engineering Science. 8. 133-140.
https://www.researchgate.net/publication/236292403 Real-

time Crowd Monitoring using Infrared Thermal Video Sequences [in English].

Haralick, R.M., Shanmugam, K. & Dinstein, I. (1973). Textural Features for Image Classification, in
IEEE Transactions on Systems, Man, and Cybernetics, vol. SMC-3, no. 6, pp. 610-621, Nov. doi:
10.1109/TSMC.1973.4309314 [in English].

Pascal, B., Mauduit, V., Pustelnik, N. & Abry, P. (2021). Scale-free Texture Segmentation: Expert
Feature-based versus Deep Learning strategies, 2020 28th European Signal Processing Conference
(EUSIPCO), pp. 1367-1371, doi: 10.23919/Eusipco47968.2020.9287829 [in English].

Ristanto, S., Nugroho, W., Sulistya, E. & Suparta, G.B. ((2021). System and method for stereoscopic
image acquisition. AIP Conference Proceedings, 2374, 020014; https://doi.org/10.1063/5.0058929 [in
English].

Google Maps. www.google.com. Retrieved from https://www.google.com/maps/
@48.4599286,32.724665,48 1m/data=!3m1!1e3 [in English].

Ren, M., Zhang, J., Khoukhi, L. et al. (2021). A review of clustering algorithms in VANETSs. Ann.
Telecommun. 76, 581-603. https://doi.org/10.1007/s12243-020-0083 1-x [in English].

Ezugwu, A.E., Shukla, A K., Agbaje, M.B. et al. (2021). Automatic clustering algorithms: a systematic
review and bibliometric analysis of relevant literature. Neural Comput & Applic 33, 6247-6306.
https://doi.org/10.1007/s00521-020-05395-4 [in English].

Krenevich, A.P. (2021). Algorithms and data structures [Algorithms and data structures]. Kyiv: Kyiv
University [in Ukrainian].

345



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part I

18. Marimont, R.B. & Shapiro, M.B. (1979). Nearest Neighbour Searches and the Curse of Dimensionality.
IMA  Journal of Applied Mathematics, Vol. 24, Issue 1, August, Pp. 59-70,
https://doi.org/10.1093/imamat/24.1.59 [in English].

19.  Andrzej Mackiewicz & Waldemar Ratajczak (1993). Principal components analysis (PCA). Computers &
Geosciences, Vol. 19, Issue 3, Pp. 303-342, ISSN 0098-3004, https://doi.org/10.1016/0098-
3004(93)90090-R. [in English].

20. Kohonen, T. (1982). Self-organized formation of topologically correct feature maps. Biological
Cybernetics, 43, 59-69 [in English].

21. Ojie, Oseikhuemen D., & Reza Saatchi. (2021). Kohonen Neural Network Investigation of the Effects of
the Visual, Proprioceptive and Vestibular Systems to Balance in Young Healthy Adult Subjects.
Healthcare 9, no. 9: 1219. https://doi.org/10.3390/healthcare9091219 [in English].

Oleksandr Drieiev, Assoc. Prof., PhD tech. sci., Oleksandr Dorenskyi, Assoc. Prof., PhD tech. sci., Hanna
Drieieva

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Neural Network Method for Detecting Textural Anomalies in a Digital Image

Modern computer vision systems often use neural networks to process images. But to use neural
networks, you need to create databases to train these neural networks. In some cases, creating a training database
takes the vast majority of the project's financial and human resources. Therefore, the actual task of finding
methods to improve the quality of learning neural networks on small data is considered in this article. The ability
to process data, which nature was not present in the original training database is relevant, also. To solve the
problem of improving the quality of image segmentation by textural anomalies, this research is proposed to use
as input to the neural network not only the image but also its local statistic data. It can increase the information
content of the input information for the neural network. Therefore, neural networks do not need to learn to
choose statistical features but simply use them.

This investigation classifies the requirements for image segmentation systems to indicate atypical
texture anomalies. The literature analysis revealed various methods and algorithms for solving such problems.
As a result, in this science work, the process of finding features in the photo is summarized in stages. The
division into stages of search for features allowed to choose arguments for methods and algorithms that can
perform the task. At each stage, requirements were formed for methods, that allowed separate the transformation
of image fragments into a vector of features by using an artificial neural network (trained on a separate image of
the autoencoder). Statistical features supplement by the vector of features of the image fragment.

Numerous experiments have shown that the generated feature vectors improve the classification result
for an artificial Kohonen neural network, which is able to detect atypical image fragments.
image segmentation, neural network, Kohonen, autoencoder, convolution, Kohonen's neural networks
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