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ABTOMATHU3AIIA ITPOUHECY BUABJIEHHSA TPIHNIUH HA OCHOBI OBPOBKHA
30BPA’KEHb

3anpononosano anzopumm GuUAGNEHHA MPIWUH HA 300PANCEHHAX, AKUN GUKOPUCMOBYE DI3HI Memoou O0as
00CAZHEHHA 6UCOKOT mouHocmi ma egekmusnocmi. Anzopumm 6KIIOUAC emanu NOnepeoHbvoi 00podKu, maxi AK
Pezyno6antn ACKpPAeoCmi, NiOGUWEHHA KOHMPACMHOCMI ma GIOHIMAHHA (DOHY 0N 3MEHUIEHH WYMY MaA NIO6UUICHHA
Konmpacmmuocmi 300paxcenna. Anzopumm 3acmocosye ginompu I'abopa 01 eudinennsa demaneii Ha 300parx;cenni, a nomim
3acmocosye Oinapusayilo i GUAGNEHHA Kpaie OnA GUIYUeHHA mpiwjun i3 300paxcenus. Bukonano iiozo npozpammny
peanizayiro.

Knrouogi cnosa: ananiz mpiwun, komn'romepnuil 3ip, knacugikayis enemenmis 3o0opadicens, ginemp I'abopa,
00pobeHHs 300padicenb, NOKpaujeHHst 300padicens, Python.

V. Volkotrub, L. Gumeniuk
AUTOMATION OF THE CRACK DETECTION PROCESS BASED ON IMAGE PROCESSING

An algorithm for detecting cracks in images is proposed that uses various methods to achieve high accuracy and
efficiency. The algorithm includes preprocessing steps such as brightness adjustment, contrast enhancement, and background
subtraction to reduce noise and enhance image contrast. The algorithm applies Gabor filters to extract details in the image,
and then applies binarization and edge detection to extract cracks from the image. Its software implementation has been
performed.

Keywords: crack analysis, computer vision, image feature classification, Gabor filter, image processing, image
enhancement, Python.

IocTanoBka mnpodgeMu. B cydacHHX yMoBax, ¢ aBTOMAaTH3alIlisl TPOIECIB CTa€ BCE OLIBII
aKTyaJIbHOI0, ITPo0OJIeMa BUSBICHHS TPIIMH Y PI3HUX KOHCTPYKLISIX 1 MaTepiaaX € JOCHTh Ba)IJIUBO. 3
ogHOro OOKy, Lle A03BoJsie 3abe3neunT Oe3neKy Ta e(eKTHBHICT POOOTH PI3HMX MAIlMH, 3 1HLIOTO -
3HIDKYE BUTPATH Ha TUTAHOBE OOCITYTOBYBAaHHS Ta PEMOHT 00'€KTIB.

BusiBneHHss TpIIUH KOHCTPYKI € BaXJIMBUM Yy 0aratboX raiy3sx, TaKuX SK IHUBUIbHE
OymiBHULITBO, a€POKOCMiYHA MPOMHCIIOBICTb, aBTOMOO1IeOyAyBaHHS Ta BUPOOHHUTBO. Y IHUBUILHOMY
OYIIBHHIITBI, HAIPUKIIAJ, BUSABICHHS TPIIIAH y MOCTaX, OyIIBIISIX Ta IHIIUX CTIIOPYJaX Ma€ BHPIMIAITbHE
3HAYCHHS JUTS 3a0€3NedeHHs iXHBOI OE3MEeKH Ta MOBTOBIYHOCTI. ABTOMATH3AIis TMPOIECY BUSBICHHS
TPIIIMH 32 JIOIOMOTOI METOJiB 00pOOKM 300pa’keHb MOXKE ITiIBUIIUTH IIBHJIKICTh 1 TOYHICThH MPOIIECY,
10 MPU3BEAE 10 PAHHBOTO BUSABIICHHS MOTSHITIHHUX 3arpo3 Oe3reli.

B aepokocMiuHI Ta aBTOMOOUTBHIN MPOMECIOBOCTI BHSABJICHHS TPINIUH B JOETalAX JITAKIB i
aBTOMOO1JIIB Ma€e BaXKJIMBE 3HAUCHHA JUI 3a0e3meveHHs Oe3MeKn MacakupiB 1 HaAIHHOCTI TPAaHCIIOPTHHX
3ac00iB. ABTOMAaTH30BaHE BUSBJICHHS TPIIUH MOXE JIOTIOMOTTH BUSIBUTH MOTEHIIHHI TpoOiemMu Ha
paHHIX CTamisX, 3HU3UTH PU3HK aBapiil 1 3a0MaUTH Yac i TPOIIIi.

Ha BupoOHMIITBI BUSIBICHHS TPILIMH y BUPOOaX MOXKE JOMOMOITH MOKPAIIUTH MPOLEC KOHTPOIIO
SIKOCT1 Ta 3MEHIIUTH BUTPATH HA TOONPALIOBAHHSA Ta PEMOHT. ABTOMaTH30BaHE BUSIBJICHHS TPIIIMH MOXKE
JOTIOMOI'TH BHUSIBUTH Je()eKTH B Mpoleci BHPOOHHUIITBA 1 IIJABHIIUTH 3arajibHy e()EKTHBHICTH 1
MIPOTYKTUBHICTh BUPOOHUIOTO TIPOIIECY.

Bukopucranus 06poOku 300paskeHb ISl BUSIBICHHS TPIIIMH Ma€ KiIbKa IepeBar.

[lo-nepmie, ii MoO)KHa BHKOPHCTOBYBATW Ui BHSBJICHHS TPIIMH Yy BaKKOJOCTYNHUX a0o0
HeOe3MeuHuX sl JTIOAUHN MicIsX. Hanpukiman, y BUnaaKy TpyOOIpPOBOMIB, K1 MPOKIAACHI i 3eMIICIO
a00 y BaXKOJOCTYNHHUX MICUAX, MOXE 3HaJOOUTUCS BHKOPHUCTaHHS poOOTiB ab0 IPOHIB I 3HOMKH
300pakeHb IS aHaNTi3Yy.

[To-npyre, 06pobka 300paxkeHs MOXKe OyTH BUKOPHCTAHA ISl BUSBIICHHS TPIIMH HA paHHIN cTail,
JI0 TOTO, SIK BOHHM CTaHyTh OUTBII CEPHO3HUMHU 1 TOTCHITIIHO CIPUYMHAUTH KaTacTpodidHi aBapii. [{e Mmoxke
JOTIOMOTTH 3alo0irTd JOPOroMy pPeMOHTY a0o HaBiTh KaracTpodam, SIKi MOXYTb BUHHKHYTH dYepe3
HEBVSIBJICHI TPITITUHU.

[To-tpere, 06poOka 300pakeHs MOXKE 3a0€3MeYUTH OUTHITT 00'€KTHBHHM 1 TIOCIIMOBHUHN MIIXiT 10
BHUSBIICHHS TpimuH. HaBueHi Mojeni MallMHHOTO HaBYaHHS MOXXHA BHKOPHUCTOBYBATU [UISl aHAII3Y
300pakeHb 3 PI3HUX DKEpeN 1 3a Pi3HUX YMOB, IO MOXKE 3MEHIIUTH PU3UK JIIOJCHKOI HMOMHIIKH 1
BapiaTUBHICTH PE3yIbTaTIB.
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AKTyaJIbHICTh aBTOMATH3aLlii MPOLIECY BUSABJICHHS TPIIIKH IIOJIATAE€ Y TOMY, 110 MOMYK AC(PEKTIB €
BOKJIMBUM €TallOM B TIPOIleCi MIarHOCTHKM MAIlMH 1 OOJIagHAHHS, a TaKoX 3abe3medye Oe3meky ix
excrutyatauii. HepyiHiBHHI KOHTPOJIB, SIKUM € 00poOKa 300paskeHb, € MEPCIEKTUBHOIO TEXHOJIOTIEI0, SKa
J03BOJIsIE€ 301MBLIMTH TOYHICTh BHSABJICHHS TPILIMH, a TaKOXX MMOKPALIMTH MIBHIAKICTH 1 €()EeKTUBHICTH
nporecy.

HeaBromaruzoBani (py4Hi, Bi3yajibHi) Ta aBTOMaTH30BaHi METOJIM BUSBICHHS TPIIIMH Ha OCHOBI
00poOKK 300paxeHsb - Iie Ba Pi3HUX MiJXOAU 10 BUSBJICHHS Ta aHaNi3y TPIlIMH HA 300paKeHHSX.

HeaproMaTnzoBani MeTOAM mependadaroTh, MO JIOIUHA-ONIEPATOP BPYIHY OTJIAAac 300pakeHHS i
BISIBJSIE TPINIMHU HAa OCHOBI iX BidyanbHOTO BUTIIAMY. Lle MoXe BKIIOYaTH BUMIPIOBaHHS pPO3MIpY,
¢dopMu 1 po3TamryBaHHA TPILIMH, a TaKOX OLIHKY iXHBOI cepio3HOCTi. Py4yHi Meromu cXwuibHi 10
JOJICEKUX TIOMHJIOK 1 MOXYTh OYTH TPYIOMICTKHMH, OCOOJIMBO TIPH POOOTI 3 BEIHUKOI KITBKICTIO
300paxkeHb a00 CKJIAJAHUMHU 300paxkeHHsAMH. [li MeToam He mepeadadaroTh BUKOPUCTAHHS OYIb-SIKHX
KOMIT'IOTEPHU30BaHUX aITOPUTMiB 00pOOKH 300paKeHb.

ABTOMAaTH30BaHi METOIH, 3 IHIIOTO OOKY, BUKOPHUCTOBYIOTH aJITOPUTMH OOpOOKH 300paskeHb IS
ABTOMATHYHOTO BHSBJICHHS Ta aHANI3y TPINUH Ha 300pakeHHSX. L[i MeToam MOXyTh BKIFOYATH Taki
TEXHIKH, K BHUSABJICHHS KpaiB, BCTAHOBJICHHS MOPOTOBUX 3HAYCHb 1 BUIOUICHHS O3HAK IS BHSBJICHHS 1
JoKajizamii TpimuH Ha 300pakeHHi. ABTOMAaTH30BaHI METOAM TAaKOXX MOXYTh BKJIIOYATH alTOPUTMHU
MaITHHHOTO HaBYaHHS 1 TIMOOKOTO HAaBUAHHS, SKi HaBYCHI PO3Mi3HABATH 1 KIacH(PiKyBaTH TPIIIMHA HA
300paKCHHSIX. ABTOMATH30BaHI METONIW, SK TMPaBWIO, IIBHAII, TOYHIINI 1 TOCTIAOBHINI, HDK pPydHI
METOAH, 1 MOKYTh OOPOOJIATH BEIHKY KiNbKICTh 300pakeHb 0€3 BTPYUYaHHS JIIOAUHU.

ABTOMAaTH30BaHI METOIW BUSBICHHS TPIIIMH HAa OCHOBI OOPOOKH 300pa’keHb MAalOTh BEIIMKHI
TTOTEHITia] TOPIBHAHO 3 HEABTOMATH30BAaHMMH METOJAMH, OCKUIHPKA BOHHM 3a0€3MEeUyIOTh TOUHINTY Ta
WBHUIIY iJeHTU(IKAI0 TPIUH Ha 300paXkeHHAX. TakoX BaXJIMBUM (akTopoM € Te, MIO
aBTOMATH30BaHi METOIM BUSBIICHHS TPIIMH MOXYTbh OyTH BUKOPUCTaHI 11 0OPOOKH BENMKOI KiTBKOCTI
300pakeHb B ABTOMATHIHOMY PEKHMI.

3aranioM, aBTOMaTH30BaHi METOJIM BUSBIICHHsI TPIILWH, 3aCHOBaHI Ha 00poOLi 300paskeHb, € O1IbII
e(eKTUBHUMH, TOYHUMH 1 HaJIHUMHU, HDK HEaBTOMATH30BaHI METOIM, ajie CTYHIiHb iX BUKOPHUCTAHHS
TaKOX 3aJICKHUTH BiJl CKIQHOCTI 300pa)KEHHS 1 THUITY TPIIIHH.

AHaJi3 ocTaHHIX JoCTiTKeHb i myOaikamii. Po3pobka MeTomiB JOCIIHKEHHS Ta aJTOPUTMIB IS
aBTOMAaTH3alil BHSBJICHHS TPILIMH Ha 300pakKeHHsX Oyla MOCTIHHMUM TNPOLECOM, SIKUH pPO3BUBABCS
MOPOTSIrOM TpHUBajoro 4acy. PaHHi meronu mnepexbaudaid py4HUI OMJIsA[ 1 BUMIpIOBaHHS TPIIIMH, IO
3aiiMayio Oarato Wacy i OyJo CXHJIBHE IO JIFOJICHKOI TOMWJIKHA. 3 TIOSBOIO TEXHOJOTII ITH(POBUX
300pakeHb MOYaH 3'SIBISATHCS aBTOMAaTH30BaHi METOAN BUSBICHHS TPIiILHH.

VY 1990-x pokax IOCHIIHMKH MOYajy BHUKOPHCTOBYBaTH METOIM OOpOOKM 300paskeHb, TakKi SIK
BUSIBJICHHS KpaiB 1 BCTAHOBJICHHS IIOPOTOBHX 3HAUEHb, JUISI BUSABICHHSA 1 JIOKadi3aril TPIIMH Ha
300pakenHsx [1-3]. Lli meromam, xo4u i Oy eheKTUBHUMH, ajie OOMEKYBAIHCS SKICTIO 300pa)K€Hb Ta
YMOBaMHU OCBITJICHHS, 32 SIKUX BOHHU OyJIH 3pOOJIeHi.

Y 2000-x pokax i BHSBJICHHS TPINIUH HA 300paKEHHAX TIOYAIHM 3aCTOCOBYBATH aJITOPUTMH
MaITAHHOTO HaBYaHHS, TaKi SK HEHPOHHI Mepeki Ta MaIlMHU OINOPHHX BeKTopiB [4-6]. Lli meTomm
MOKa3ajy MiABUINEHY TOYHICTH TOPIBHSAHO 3 TPaAUIIHHUME METOaMH 00pOOKH 300paKeHb, ajie BCE IS
Masi 0OMEXeHHs B poOOTi 3 peallbHUMH 300paKEHHIMH 3 BapiallisiMH OCBITJICHHS 1 TEKCTYp MOBEPXHI.

OcranHi qoCTiHKeHHS OyIH 30cepe/HKeHI Ha po3poOIli alrOpUTMIB IIHOOKOTO HaBYaHHS, TAKUX 5K
3ropTkoBi HeiipoHHi Mepexki (CNN), i BUSBICHHS TPIIUH Ha 300pakeHHs X [7-8]. Lli meToau mokazanu
0aratoo0iusoYi pe3ynbTaTH, 3 BUCOKOIO TOYHICTIO 1 CTIMKICTIO [0 3MiH B OCBITJIGHHI 1 TEKCTypi
roBepxHi. KpiM TOro, JOCTIAHMKH TaK0XK BUKOPHUCTOBYBAJIN TeHepaTUBHI 3MarainbHi Mepexi (GAN) mis
CTBOPEHHSI CHHTETUYHUX 300paKeHb TPIuH 11 HapdaHasa [ITHM.

3aranoM, po3poOKa METOJIB TOCTIPKEHHS Ta aJITOPUTMIB JJIsi aBTOMATH3AlIlii BUSIBJICHHS TPIIIUH
Ha 300pakeHHAX OyJia TIOCTYIIOBHM IIPOIIECOM, SIKMU BKJIIOUAB IHTETrpaIlif0 Pi3HUX METOIIB 3 0OpOOKH
300pakeHb, MAIIMHHOTO HABYAHHS Ta TTTMOOKOT0 HaBYAHHS.

B panmii wac po3poOka METOAIB NOCTIUKEHHS Ta ANTOPUTMIB JAJSl aBTOMAaTH3alii BHABICHHS
TPIIIMH Ha 300pakeHHSAX 30CepeKeHa Ha MiIBUIICHHI TOYHOCTI, HAAIHOCTI Ta €eKTUBHOCTI MPOLECY
BUSIBJICHHSL.

OaHMM 3 HAOpPSMKIB CYy4acCHHMX JOCIIPKEHb € BHKOPHUCTAHHS aJTOPUTMIB TJIMOOKOr0 HaBYaHHS,
TaKuX AK 3rOopTKoBi HelponHi Mepexi (CNN), s BUSIBICHHS TPIiLMH Ha 300paxenHsx [7-8]. Lli meToan
MMOKa3aJIi BUCOKY TOYHICTh 1 CTIMKICTh IO 3MiH OCBITJICHHS 1 TEKCTypH ITOBEPXHIi, 1 TOCIHITHUKH
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MPOJIOBXKYIOTh TOKpAIlyBaTH I1XHIO e(EKTHBHICTH 3a JOMOMOTOI0 TAaKMX METOJIB, SK HaBYaHHS 3
NepeHeceH M 1 aHcaMOJieBe HaBUaHHS.

Iamoro cdeporo cydacHHUX MOCTIKEHbh € BHKOPHUCTAHHS METOAIB KOMITIOTEPHOTO 30py JUISA
TTOKpAITICHHS BUSBIICHHS TPIUH Ha 300pakeHHsX [4, 6]. 1li MeTomu BKIIOYAIOTH BHKOpUCTaHHSA 3D-
300pakeHb, CTEPE0300paKeHb 1 CTPYKTYPOBAHOTO CBiTJIA IJIsl OTPUMAaHHs OUIBII AETAIBHUX 1 TOUHHX
300pakeHb TPILIHH.

JIOCITiTHUKH TaKOX BHBYAIOTh BUKOPHCTAHHS METOJIB MAIIMHHOTO HABYAHHS, TAKUX SK HABYAHHS
3 TIMOOKUM MiJIKPITUICHHSM 1 aKTUBHE HABUaHHS, MO0 MiABUIMUTH €(DEKTUBHICTh 1 IIBHKICTH MPOIECY
BUSIBIICHHS.

Kpim Toro, icHyroTh MeTOAM, IO Oa3yOThCA HA TEXHIIll IOKpaIIeHHsS 300pakeHb, TaKi sK
JIEHOM3WHT 300pakeHb, HAJBHCOKA PO3AUTbHA 3MaTHICTH 300paKE€Hb Ta BIMHOBJICHHS 300pakeHb, SIKi
BUKOPHUCTOBYIOTHCS JUIS MOKPAIIEHHs SAKOCTI 300paskeHb Mepel MPOLEcOM BHSBICHHS TPILIWH, TAaKUM
YHHOM, TPIIIMHU MOKYTh OyTH BHABIICHI OLIBII TOYHO.

Takum guHOM, CydJacHi JOCIIHKEHHS B Tally3i aBTOMATH3AIli1 BUSIBICHHS TPIIIUH HA 300paKEHHIX
30CepemKeHi Ha MiABHIICHHI TOYHOCTI, HAAIMHOCTI Ta €(EeKTUBHOCTI MpOLeCcy BHABICHHS 32 PaxyHOK
BUKOPUCTAaHHS METOMIB TJMOOKOrO HAaBYaHHS, KOMITIOTEPHOTO 30pYy, MAIIMHHOTO HAaBYaHHS Ta
TTOKPAITICHHS SIKOCTi 300pakeHb.

3aramom, cdepa aBTOMAaTH3aIii BHUSABICHHS TPINIUH HA 300paXEHHSIX € aKTUBHOIO Taly33i0
JOCHiDKeHb 3 OaraTbMa MOTCHUIMHMMH HampsMKaMd JAJs IOAANBLIOrO PO3BUTKY. 3 MOCTIHHAM
PO3BHTKOM TEXHOJOTIH IIIKOM WMOBIpHO, IO B MaiOyTHROMY OyayTh po3poOjieHI HOBI Ta OLIBIIT
e(heKTUBHI METOY BUSBICHHS TPIIIMH HA 300payKEHHIX.

IMocTraHoBka 3aBAaHb. MeTOI0O POOOTH € po3poOKa CHCTEMH aBTOMAaTH30BAHOTO BHSBJIICHHS
TPIIIMH HA OCHOB1 00POOKU 300paKeHb.

BuxiaaeHHst 0CHOBHOT0 MaTepiajy. ABTOMAaTH3AIlisl BUSBIICHHS TPIIIUH Ha 300paKCHHIX MOXKE
OyTH JOCSATHYTa 3a JOMOMOIOI0 METOAIB OOpPOOKH 300pake€Hb, TAKUX SIK BCTAaHOBJICHHS IMOPOTOBHUX
3HA4YeHb, BUSIBJICHHA KpaiB 1 BuaijeHHs o3Hak. [Ipomec 3a3Buyaii BKIIOYae MONEpeAHI0 00poOKy
300paKCHHS IS TIOKPAICHHS BHIAMOCTI TPIIIMH, HANPUKIAJ, BUIAICHHS IIyMy 1 PETyJIIOBaHHS
KOHTpacTHOCTI. IIOTIM 3aCTOCOBYETHCSA aJIrOPUTM I BHSBICHHS KpaiB a00 0coOIMBOCTEH, SKi
BIIMOBiMalOTh TpilmuHaM. BoHU MOXyTh OyTHM TiepenaHi B MOJCNIb MAIIUHHOTO HaBUaHHS JUIs
kmacudikamii. Bukoprctanus momeneil TIMOOKOT0 HaBUYaHHS, TaKWX SK 3TOPTKOBI HEHPOHHI Mepexi
(CNN), moka3zaio cBoto e(peKTUBHICTD Y MIOMIOHUX 3a/1adax.

i MeToan MOXYTb BUKOPHUCTOBYBATHCS B PI3HHX 00NacTAX, TaKMX SIK MEAMYHA Bi3yami3amid,
KOMIT'IOTEpHHUH 3ip, CTUCHEHHS 300pakeHb 1 Bieo, poOoToTexHika, OioMeTpis Ta OyaiBHMUTBO. BoHu
MOXYTh TO€AHYBATHCS 3 IHIIUMH TEXHOJIOTiSIMH, MO0 3p0oOHWTH pe3yibTaTH OUTHII e(PEKTUBHUMH i
TOYHUMH.

[Iponec dusiBneHHs TpiIMH Ha OCHOBI OOpPOOKHM 300pakeHb BKIIOYaEe B ceOe OTPUMAaHHS
300pa’keHb IMOBEPXHI, IO IMiIATAE TIEPEBIPIIi Ta iX aHaIIi3 3a JOITOMOTOI0 KOMITTOTEPHUX aJITOPUTMIB.

ANTOPUTMH TIYKAIOTh XapaKTEPHI O3HAKH, TaKi, SK 3MIHH TEKCTYPH, KOJILOpY 49d (OpMH, SKi
BKa3ylOTh Ha HAsSBHICTh TpimuH. Pe3ynbpraToMm anamily, sK NpaBWUIO, € KapTa TPIIUH, BHUSBICHUX Ha
300pakeHHI, SIKY MOXXHA BUKOPHCTOBYBATH JJIS TOAANBIIOT OL[IHKH Ta PEMOHTY.

Metoau 00poOKH 300pa’keHbh MOKYTh BUKOPHUCTOBYBATHUCS SIK JIJIS1 BUSBJICHHS IOBEPXHEBUX, TaK i
MiAMOBEPXHEBUX TPILIKH 1 MOKYTh BUKOHYBATHCS 32 JIOTIOMOTOI0 Pi3HUX NPOTrpaMHUX 3ac00iB.

Y 06po611i 300paskeHb 1Sl BUSIBICHHS TPIIIMH BUKOPHCTOBYETHCS KiJIbKA METOIIB, 30KpeMa:

—OiHeapu3alist 300pakeHHs - 1€ TIPOIIeC IMTePETBOPECHHS 300pakeHHS y BIATIHKAX ciporo y OiHapHe
300paXKeHHs, ¢ KOXEH IIKceIb € a00 YopHUM, abo OimuM [9].

—BHUSABJICHHS KpaiB - el MeTon mepemdadae imeHTudikaiiro kpaiB abo Mex Ha 300pakeHHI, sKi
BIAMOBIat0Th TpirmuHaM. Kpal Mo)kHa BHSIBUTH 3a JOIIOMOTOIO0 PI3HHX aJITOPUTMIB, TAKUX SK IETEKTOP
kpaiB Kanni, oneparop CobGens abo neperBopenns Xada [10].

—CerMeHTaIlis 300pakKeHHS - 1Iel MeTo I rmepeadadae Mol 300pakeHHs Ha Pi3HI PETiOHU Ta aHaIi3
KOXKHOTO PETiIOHY OKpeMO. 3a3BHYail CETMEHTH CTBOPIOIOTHCS Ha OCHOBI 3MiH KOJHOpPY ab0 TEKCTypH
300paskeHHs [1].

—3icTaBieHHs MA0JIOHY - el MeTo[ mepeadayae MOPiBHSHHS 300pakeHHsI 3 MIa0JIOHOM BiJOMHUX
mabnoniB TpimmH. [loTiM 300paskeHHS OOpOONA€THCA AN TOLIYKY oOmacTed, AKi BiAMOBiAIOTH
mabJIoHy, SIKi MOTIM MMO3HAYAIOTHCS SK MOTEHITIHHI MiCIIS TPIlTUH

Po3pobeHnii anroput™ BHKOHYE OOpPOOKY 33aIaHOTO 300pa)KEHHS, BUKOPHUCTOBYIOUHM KOMOIHAIIIIO
HACTYIHUX METO/IB:
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1. Kopekist ssickpaBOCTi.

2. AnanTrBHE BHPIBHIOBaHHS TicTorpamu 3 ooMmexxennMm kouTpactoM (CLAHE).

3. BigniMaHHs (hOoHY 3a JOMOMOTOIO AITOPUTMY KYJIBKH, 10 KOTHUTHCS.

4. @ineTp I'abopa.

5. I[ToporoBa KOpeKIIist 300paKeCHHSI.

MeToro X METO/IB € MOKpallleHHs 300pakeHHsI Ta BUAUICHHS TPILMH Ha 300paxkeHHi. Kinuesuii
pe3yabTaT OOpOOKH 300paKEHHS OTPUMYETHCS LUIAXOM JOJAaBaHHS JEKiIbKOX BiA(iIbTpoBaHUX
300paXkeHb, CTBOPEHUX IIUITXOM 3acTOCyBaHHs (ibTpa ["abopa 10 300pakeHHS 3 PI3HUMHU [TapaMeTPaMHU.
Pe3ynbTaT moTiM MOpOry€eThes ISl CTBOPEHHS OIHAPHOTO 300payKECHHSI.

JloAaTKOBO € MOXKIIMBICTh OTPUMATH KOHTYp 00'€KTiB Ha 300pakeHHi, Ui YOTO A0 HaliBTOHOBOTO
300pakeHHsI 3aCTOCOBYEThCS (pibTp ['abopa 1 BimHIMAETHCSA Bia KIHIIEBOTO pe3yibTaTy. CKPHUOT TaKOX
BHBOJMTb Ha €KPaH MPOMDKHUH 1 KIHIIEBUH pe3ylbTaTH 1 30epirae ix y Buriagi rpadiunux Qaiis.

Kopekuia ackpasocmi - 1e Tpouec peryiioBaHHs PiBHA SCKPaBOCTI 300pakeHHA. 3a3BUYall Iie
poOHuTBCs Ui TOro, MO0 TOKPAaIIUTH BHAMMICTH 300paKeHHA 1 3poOUTH HOro Bi3yaslbHO
npuBaOmBimuIM. Kopekiiro sSCKpaBOCTI 3a3BHYail BHUKOHYIOTH 3a JOIOMOTOIO O10J1IOTEKH 0O0pOoOKH
300pakeHb, Hanpukiaaa, OpenCV, ne taki QyHkuii, sk cv2.addWeighted, MokHa BUKOPUCTOBYBATH AJIS
30inplIeHHsT a00 3MEHIICHHS 3arajbHOI  SCKPaBOCTI 300paKeHHA NIISIXOM KOPUTYBAaHHS Bar
OpHUTIHATHHOTO 300paKEHHS 1 HYJIbOBOT'O MACHBY 3 ITOCTIHHUM CKaJIIPHUM 3HAYCHHSM.

Aoanmuene eupisniosanua zicmozpamu 3 oomedxcenum xoumpacmom (CLAHE) - e meron
KOMIT'IOTEPHOTO 30Dy, SIKUH BUKOPUCTOBYETHCS IS MMOKPAIIEHHS JIOKaJIbHOT KOHTPACTHOCTI 300paskeHHS.
Bin mpairoe muisxoMm moaury 300pakeHHS Ha HEBEIHMKI IUITMTKH, OOYWCICHHS TICTOTpaMH 3HAYCHD
IHTEHCHUBHOCTI B KOXHIH IUIUTII, a MOTIM PETyJIIOBaHHS SCKPABOCTI 1 KOHTPACTHOCTI B KOXKHIM TUTHTIN
Tak, moo rictorpama Oyina Oinpi piBHOMipHOIO. Lle momomarae BUSBUTH OCOOJIHMBOCTI 300pakeHb, SIKi
BaXKO OOAYUTH uepe3 Bapialii OCBITICHH a00 TiHi.

UactHa Ha3BU "3 OOMEKEHHSM KOHTPACTHOCTI" O3HA4ae, IO QJITOPUTM OOMEXKYE KUTBKICTh
MiJICUJIEHHS. KOHTPACTHOCTI, SIKY MOYXHA 3aCTOCYBAaTH JIO KOXXHOI IUIMTKH, OO 3armo0irtd HajaMipHOMY
MOCUJICHHIO IIyMy ab0 iHIIMX ApiOHMX JeTajel Ha 300paKeHHI.

Bionimanna ¢ghony 3a oonomozoro anzopummy KyabvKu, w0 KOMumscsa - 1 METOM BiTHIMaHHS
¢dony mpu o0poOIli 300paxkeHb. BiH mpalfoe IIIIXOM BiJHIMAHHS JIOKAIbHO OIIHEHOrO (OHY Bif
300pakeHHs, ¢ ()OH OLIHIOETHCS 32 AOIOMOTrOI0 MOp¢oJoriuHoi onepanii (HanpuKiIa, po3MUpeHHs) 31
CTPYKTYpPOYTBOPIOIOUUM EIEMEHTOM y (hOpMi KyIi.

Panmiyc xyni Bm3Hawae po3Mmip AinsgHKH (oHy, ska Oyme BpaxoBaHa IS OIIHKA. BimHiMaHHS
OLIiHEHOTO (OHY 3a3BHUANl BUKOHYETHCSI TIOMIKCENBFHO 1 MPU3HAYCHE U1 BUAAJICHHS BETMKOMACIITA0HNX
Bapialiif IHTEHCUBHOCTI 13 300pa)keHHs Ta MOKpaIleHHs JpiOHOMacITaOHUX 0COOIMBOCTEH.

ANTOPUTM IIHPOKO BHKOPHUCTOBYETHCS B PI3HMX J0JaTKaX, TaKUX SIK MIKPOCKOITS Ta
KOMIT'FOTEPHHHA 3ip.

@Dinemp I'abopa - ue Tvn niHidHOTO QINBTPa, AKUH BUKOPHCTOBYETHCS AJISI aHAJi3y TEKCTYPH B
00po011i 300pakeHb. BiH MOke BUTATYBATH SK MPOCTOPORBY, TaK 1 YaCTOTHY iH(OpMAIIito i3 300paKeHHS i
MOXe OyTH BUKOPHCTAHWM TS 1IeHTH(]IKaIlli TEKCTYPHHUX Bi3epYHKIB 1 KpaiB.

3a3Buuail GineTp sBIsSE COO0I0 TayccoBy (PYHKIIO, MOAYJIBLOBAHY CHHYCOINAIBHOIO XBWIEIO, 1
MO’Ke OYTH HaJalllTOBAHHIA JJIsl BUSBICHHS OCOOJIMBOCTEH y MIEBHUX MacIITabdax i opieHTaIlisfx.

OinpTpu ["'abopa MMPOKO BUKOPUCTOBYIOTHCS B KOMITIOTEPHOMY 30pi, PO3Ii3HABaHHI 300paKeHb 1
1a0JIOHIB, @ TAKOK JIJIsl BUTYYEHHS O3HAK.

Ilopozosa kopekuia 300paricennsn - 1€ MPOIEC NIEPETBOPECHHS HAIIBTOHOBOTO ab0 KOJIEOPOBOTO
300pakCHHS y ABIHKOBE IUIAXOM IPHUCBOEHHS KOXHOMY ITKCETIO NBiiikoBoro 3HadeHHs 0 abo 1 Ha
OCHOBI MOPOTroBOro 3HavyeHHs. [le moporoBe 3HaYeHHS BUKOPUCTOBYETHLCS JUISL PO3JIIICHHS 300pakeHHS
Ha JIBi 00JIacTi, Iepe/IHii 1 3a/IHil TU1aH, Jie MKCelli HIKYE IOPOroBOT0 3HAUYEHHS OTPUMYIOTh 3HaUYeHHs ()
("JopHMIt KOJTIp), a TKCEeIl BHIIE TOPOTOBOTO 3HAYCHHS OTPUMYIOThH 3HaueHHs 1 (O1mmii Komip).

Llefi MeTox IIMPOKO BHKOPHCTOBYETHCS B 00pOOIll 300paskeHb JJIsi PO3IMI3HABAaHHS O0'€KTIB,
BUSIBJIGHHS KpaiB Ta iHIIUX 3aCTOCYBaHb.

AJNTOPUTM MOKPOKOBO - KO pealli3ye KOHBeep AJisi 00poOKH 300paskeHHsI Ta BUSABJICHHS MIa0JIOHIB
abo cTpykTyp Ha 300pakeHH]. OCh BUCOKOPIBHEBHI OITHUC KPOKIB:

[ToniepenHast 06poOKa BXiTHOTO 300pa’KCHHS:

- mepeTBOpeHHs 300pakeHHs 3 BGR y BiaTiHKHM ciporo;

- 30UTBIIIEHHS SICKPABOCTI 300pakeHHs 3a JormoMororo ¢yukii cv2.addWeighted;
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- 3aCTOCYBaHHS 10 300pa)XCHHS aJalTHUBHOTO TiCTOIPAMHOTO BHPIBHIOBAHHSI 3 OOMEKCHHM

koHTpactoM (CLAHE);

- BimHiMaHHS ¢oHY 3a momomororo ¢yHKIi "subtract background rolling ball" 6iGmoTekn

cv2 rolling ball;

- noBTopHe 3actocyBaHHI CLAHE no 300paskeHHs micis BinHIMaHHS QOHY.

3acrocyBanHs OaHKy ¢inbTpiB ['abopa g0 monepegHHO 0OPOOIEHOTO 300paKEeHHS:

- mobynoBa ¢insTpiB  ['abopa i3 3amaHMMHM mapaMeTpamMH 3a  JIONIOMOTOr0  (YHKIIIT

cv2.getGaborKernel;

- (QinpTpamis monepegHbO 0OpoOIIEHOr0 300pakeHHs KOKHUM 3 (inbTpiB ['abopa 3a 10moMororo

dyukmii cv2.filter2D;

- 30epeKeHHS MAaKCUMAJTLHOTO BIATYKY BiI(UTETPOBAHOTO 300PasKECHHS.

O6pobOka BidinbTpoBaHOTO 300paskeHHS AJIsl CTBOPEHHS OiIHAPHOTO 300paKEHHS:

- Bukopuctanus cv2.threshold 3 aprymentom "cv2.THRESH BINARY + cv2.THRESH OTSU"

JUISL TIEPETBOPESHHS BiZ(iIbTPOBAHOTO 300paXkeHHs y OiHapHE 300pakeHHS.
BusiBieHHs KOHTYpiB Ha OiHapHOMY 300paXKeHHi:
- IKIIO 3MiHHA contour Mae 3HadeHHs True, TO 10 BUXIJHOTO 300pak€HHS 3aCTOCOBYETHCS
MeziaHHe po3MHUTTA 1 inbTparttis ['abopa, a OiHapHMIA Pe3y/IbTAT BIAKUIAETHCS;
- TOTiM, Oepydyd TOOITOBUH pe3yiabTaT KPOKy 2 1 BiA'€MHHMI pe3ynbTaT KpOKy 4, OTPUMYEMO
KiHLEBUH pe3ynbTaT 3 KOHTypaMH.

[Iporpamua peaizamis BUAUICHHS TPIITMH HA 300pa’KeHHI:

1. Imoopryemo HeoOXimHi O6i0aioTeKH: numpy, cv2, cv2 rolling ball.

2. Ckopucraemoch pyHkuito build_filters mist ctBopenns ¢inbTpiB 3a gonomoroto GaborKernel
13 3amaHuMu mapamerpamu: po3mip sapa (ksize), cranmapTHe BigxwieHHs (sigma), opieHraumis (thet),
noBxrHa xBuii (lamb), criBBiIHOIIEHHS CTOPiH (gam) Ta (a3oBwuii 3cyB (psi).

3. 3actocoByeMo ¢yHKmio change brightness st perymoBaHHS SICKPaBOCTI 300pa)KeHHS 3a
noromoroto cv2.addWeighted.

4. CkopucraeMoch (yHKIiE predv I BUKOHAHHS TOMEPETHLOI OOpOOKH 300pakeHHS, sSKa
BKJIFOYA€E HACTYITHI KPOKH:

-TIepeTBOPEHHS 300paXEHHS Y BIATIHKH CipOro;

-peryiroBaHHS SICKpaBicTh 3a JormoMororo ¢yHkIii change brightness;

-3aCTOCOBYBAaHHSI QIaITHBHOTO BHUPIBHIOBAHHS TicTorpamu 3 oomexxkeHnM koHTpactoM (CLAHE)
JUTSL TTIBUTIICHHS. KOHTPACTHOCTI 300paKCHHS,

-BinHiMaHHA QoHy 3a gonomororo GyHKuii cv2 rolling ball.subtract background rolling ball;

-noBtopHe 3actocyBanass CLAHE nmys migBuIieHHsT KOHTPACTHOCTI 300pakeHHS.

5. Bwmzaagaemo mpomec GyHKIII IS 3acTocyBaHHS (DUIBTPIB A0 300pa)kKeHHS 3a JOIIOMOTOIO
cv2.filter2D i moBepTaeMo pe3ynbTart.

6. Ckopucraemoch (QyHKIIi€0 result mis 3acTocyBaHHA (DUIBTPIB 0 BXiTHOTO 300pa)KCHHS 3a
noromoroto pynkmin build filters Ta process i BuBegeMo pe3yibTaT Ha €KpaH, a TAKOXK 30epexaeMo Horo
y aii.

7. Buxnukaemo Qynkmio resultl s 3acrocyBaHHS (QUNBTPIB 0 TOMEPETHHO O0OPOOIIEHOTO
300pakeHHS 3a JOIOMOTOI0 (PYHKIIII process, a MOTIM 3aCTOCYEMO TOPOTOBE 3HAYCHHS IJISI OTPUMAHHS
OinapHoro 3o00paxkeHHs. [lizcymoByemo OiHapHi 300paskeHHs IUIA Pi3HMX Opi€HTaUild i 3aCTOCOBYEMO
noOiToBI omepanii. K0 mapaMeTp KOHTYp Mae 3HaueHHA True, 3aCTOCOBYEMO TOHW caMHil Mpolec A0
BHXIJTHOTO 300paXeHHS 1 BiTHIMAEMO pe3ybTaT Bi CyMu OiHAPHUX 300pakKeHb.

8. Hapemri, Bukiukaemo ¢yHKIO resultl 3 BigNOBIZHUMH IlapaMeTpaMd Ha BXITHOMY
300paKeHHI.

9. BuBenemo Ha eKpaH KiHIICBHH pe3ybTaT i 30epiraeMo Woro y Qaiir.

10.IToBTOproeMo kpoku 7-9 s pisHuxX 3HaueHb thet, lamb, gam i psi, mo0 oTpuMaTH
ONITUMAJILHUN pe3yJIbTar.

PesynpTatn poboTH nporpamMu BUAIIICHHS TPIIIWH HA 300pakeHH] HaBeIeH1 Ha PUCYHKY 1.
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Puc. 1. Pe3yabTaTi po60TH NpOrpaMu BUALIEHHS TPIlIMH HA 300paskeHHi: a) opuriHajabHe
300paxeHHs ; 0) BUAiJIeHi TPilIUHU.

Jnsi mOpiBHSAHHS pe3y/ibTaTiB MPUBEAEMO 300paKCHHS BHIUICHHS TPIIMH METOAOM (inbTp
I'abopa ta po3p06neHHM METOZIOM — PHCYHOK 2.
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Puc. 2. IlopiBHSIHHS pe3y/IbTATIB: a) OPUTiHAJIbHE 300pakeHHs; 0) BUIIJIEHHS TPilUMH
MeTonoM ¢isibTpa I'abopa; B) BUAJIEHHS] TPIlIMH PO3PO0JIEHUM aJITOPHUTMOM.

SIk BUIHO 3 pHUCYHKa 2, TPONOHOBAHWI METOJ| BUSBIICHHS TPIIIMH Ia€ Kpamli pe3ydbTaTH.
BussieHo He TiapKy 0a30Bi (BEHKI) TPINTAHU, aJie 1 CITKY MaJIMX TPIIIHH.

Hnst ungpoBoi OLIHKK €(PEKTHBHOCTI MPOIOHOBAHOTO AalTrOpUTMY, 300pa)KeHHS, OTpHUMaHi
MeTozoM ['abopa Ta MPONMOHOBaHUM METOIOM, MEPETBOPEHI B OiHApHI i MOpaxoBaHO MPOLEHT YOPHUX
mikceniB. J{ns 300pakeHHs, oTpuMaHoro MeronoMm l'abopa, meil mpomeHT ckiaB 8.6% Bim 3arambpHOT
KUTBKOCTI MiKCeNiB Ha 300pakeHHi, A4Sl mporoHoBaHoro - 11.7%. TakuMm 4YHMHOM, IPOTIOHOBaHUNA METO[
BUsABIIsiE HAa 36% TpimuH Oinbine, Hixk MeTo pimsTpa ['abopa.

BucHoBkHu. TakuM 4YMHOM, pO3pOOJCHUH aNrOpUTM € e(QEeKTHBHMM MU BHUSBJICHHS TPINIMH Ha
300paKeHHSIX 3aBISIKA BUKOPUCTAHHIO BiMMOBITHUX simep ['abopa, KpoKiB monepeHs01 00poOKH, a TaKOXK
nmoporoBux i moOiToBux omepauiid. [Iporpamna peamizamis JO3BOJIIE TOYHO HANAIITYBaTH IPOILEC
BUSIBJICHHSI, ITOBTOPIOIOYM TICBHI KPOKHM 3 PI3HUMH 3HAUCHHSAMH IIapaMeTpiB. 3arajoMm, el MeTo.n
3abe3nedye KOMIUIEKCHUH TAX1] 10 BUSBIICHHS TPIIIHH.
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