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ABTOMATM3AIISA KOHTPOJTIO SKOCTI BXXUBAHUX JIETAJIEA HA OCHOBI 2D-
30BPAKEHB I HEBI3Y AJIBHOI IH®@OPMAIIII: ITIJIXIJ IO IIOJOBXKEHHS )KUTTEBOI'O
UKJIY BUPOBY

V crarTi IpeacTaBIeHO METOAONOriI0 aBTOMATH3aMii KOHTPOIO SKOCTI BUKOPUCTAHUX JeTanell micis ix po36ipkH, 30cepemkylounch Ha
BU3HAUCHHI iXHBOT IPUJATHOCTI 0 IOBTOPHOTO BUKOPHCTAHHS. 3aIPOIIOHOBAHHH IiXiJ BUKOPUCTOBY€E 2D-300pakeHHs eTanei, JOIOBHEH1
HEBi3yaJIbHOI 1H(OpMaILli€r0, 30KpeMa po3MipaMHu Ta iCTOPIE eKCIUTyaralii, Ui TOYHOI iJeHTH(iKalii 3HOImEHNX ab0 MOIIKOKESHUX
KOMITOHEHTIB. METO/I0JIOTis CKIIaaeThCsl 3 YOTUPHOX STAMIB: OTPUMAHHS BUXIIHUX JaHUX, CETMEHTAIlil OTBOPIB, Kiacudikamii Macurady Ta
onTHMi3anii, a Takox K1acudikanii Ta Bamigamii gomyckis giamerpa. Bukopucranus mozneni Mask R-CNN 3 mexanismowm ysaru (SEBlock) y
noenHaHHI 3 kinacudikatopom Random Forest 103BOSMIO IOCATTH BHCOKOI TOYHOCTI BUSIBICHHS Je()EKTiB, 30KpeMa HEBiINOBiJHOCTEH
JliaMeTpiB OTBOPIB BCTAHOBIEHHUM JOITyCKaM. Pe3ynbraTi DoCiikeHHs IPOAEeMOHCTPYBAIH CEPEeIHIO TOUHICTh KiIacu(ikanii Ha piBHi 79%,
13 MaKCHMaJbHUMH OKa3HUKaMHU Ipenu3ii, moBHOTH Ta F1-ominky y neBHux Bunagkax. CucTeMa IoKa3aa BUCOKY e()eKTHBHICTb, YHHKAIOUH
XMOHOHETaTUBHHUX PE3YJIbTATIB Ta MiHIMI3YIOYM KUIBKICTh XHOHONO3UTHBHHX IIOMHIIOK. 3allpONOHOBaHA METOAOJIOTiS € EKOHOMIYHO
e(eKTUBHOIO, OCKIUIBKH yCyBae motpedy B noporomy 3D-ckaHyBabHOMY OOJaJHaHHI, IO CHPOIIYeE il iHTErpauilo y BUpOOHMYI JiHIl Ta
peMoHTHI cTaHUii. [HTerpaumis GararopiBHeBoi 3D-KOHIeENIil JO3BOJSIE BPaXxOBYBAaTH T'EOMETPHYHI IapaMeTpud Ta MiKPOCTPYKTYpHi
XapaKTepHCTUKH JieTalell Ha pi3HHUX PiBHSX, IO IiBUIY€E TOUHICTh aHami3y. CHcTeMa Mae eBHI 0OMEeKEHHs: BOHA MOKe aHali3yBaTH JIUIIE
OJIMH THII JIeTai 3a pa3 i He 3[aTHa BUSBISITH 0COOIMBOCTI, HeBUANMI Ha 2D-300pakeHHsX. BogHOYac BOHA BiIKpHBAE IIEPCIIEKTHBH JULS
HOJANBIINX JOCII/UKCHb, CIPSIMOBAHMX HA BIOCKOHAICHHS METOAIB aHAi3y IIOBEPXOHb | BUKOPHUCTAHHS 0araTroKyTOBOTO CTEpPEO30py.
BripoBa/pKEHHsI 3aI[POIIOHOBAHOT CHCTEMH CIIPHSE ITiJBUIICHHIO e()EKTHBHOCTI BUPOOHMYUX HPOLECIB, 3MEHIICHHIO BUTPAT HA 3aKYIIiBIIIO
HOBHX KOMIIOHEHTIB Ta [iATPHMY€ €KOJIOTi4HY CTaIiCTh IUISIXOM IIPOJOBXKCHHS XKUTTEBOTO LUKITy neTancil. [lomanpi gociimkeHHs OyayTh
30CepeKeH] Ha ajanTalii MEeToI0JI0 I JAJIsl pi3HUX THIIIB JieTalell i BIpOBaXKEHHI MiAX0/iB 6araToOKyTOBOTO CTEPE030py VISl IiJBHIICHHS
TOYHOCTI Ta HA/IIHHOCTI KOHTPOIIIO SKOCTI.
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AUTOMATION OF QUALITY CONTROL FOR USED PARTS BASED ON 2D IMAGES AND
NON-VISUAL INFORMATION: AN APPROACH TO EXTENDING THE PRODUCT LIFE CYCLE

This paper presents a methodology for automating the quality control of used parts after disassembly, focusing on determining their reusability.
The proposed approach uses 2D images of the parts, supplemented with non-visual information, in particular dimensions and service history,
to identify worn or damaged components accurately. The methodology consists of four steps: raw data acquisition, hole segmentation, scale
classification and optimization, and diameter tolerance classification and validation. Using the Mask R-CNN model with an attention
mechanism (SEBlock) in combination with the Random Forest classifier achieved high accuracy in detecting defects, particularly hole
diameter mismatches with established tolerances. The study's results demonstrated an average classification accuracy of 79%, with maximum
precisions, completeness, and F1 estimation in some instances. The system showed high efficiency, avoiding false negatives and minimizing
false positives. The proposed methodology is cost-effective as it eliminates the need for expensive 3D scanning equipment, making it easy to
integrate into production lines and repair stations. Integrating a multi-level 3D concept allows the geometric parameters and microstructural
characteristics of parts to be considered at different levels, increasing the analysis's accuracy. The system has limitations: it can only analyze
one part type at a time and cannot detect features not visible in 2D images. At the same time, it opens perspectives for further research to
improve surface analysis methods and the use of multi-angle stereo vision. Implementing the proposed system contributes to more efficient
manufacturing processes, reduces the cost of purchasing new components, and supports environmental sustainability by extending the life
cycle of parts. Further research will focus on adapting the methodology for different part types and implementing polygonal stereo-vision
approaches to improve the accuracy and reliability of quality control.
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