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METHOD FOR INCREASING THE ACCURACY OF PCB IMAGE
SEGMENTATION

Pa3pa60TaH METOA INOBBINICHHWA TOYHOCTH CErMCEHTAllUU 1/1306pa>1<eH14171 NCYaTHBIX IIJIAT, OCHOBAHHBIN Ha
3KCHepTHOI71 KJ'IaCCI/I(bI/IKaIlI/II/I IBETOBBIX KJIACTEPOB, IMOJTYUCHHBIX C IMOMOIIbBIO k-means KJlacT€pu3aliuu B
MNPpOCTPAHCTBE RGB. MeTO,I[ TIO3BOJIICT MOBBICUTH TOYHOCTh CCTMCHTAIMN HA I'paHULIAX 3JICMCHTOB TOIIOJIOTUHU U
yaaydqmaeT KaueCTBO aHalIn3a I/1306pa)1(eHI/I$I MeYaTHOH IIJIaTHI.

KiroueBble cj10Ba: 1ieyaTHBIC I1J1aThI, I/I306pa)I(€HI/IiI, CErMCcHTalnuA

The paper proposes a method of increasing the accuracy of the PCB image segmentation based on expert
classification of color clusters obtained using the k-means clustering in the RGB space. The method improves
the accuracy of segmentation boundaries topology elements and improves the quality of the PCB image analysis.
KiawueBble c10Ba: evaTHBIC IIAThI, H300PaKCHHS, CETMCHTAIHSI

Brenenne

DNEeKTPOHUKA SBISETCS OJHOW M3 KPYMHEUIINX OTpaciieil MPOMBIIUIEHHOCTH B MUPE C
o0beMOM phIHKa Oosiee | TPWIUTMOHA MOJUIAPOB B TOA M TEHICHIIMEH €ro JaJIbHEUIIETro
YBEJIMUYEHUS, UTO OMpPEJIeNsIeT CIIPOC Ha TeXHOIornueckoe obopynosanue [1-2]. HecmoTps Ha
TO YTO COTJIACHO [3], CTOMMOCTh MEYATHBIX IIAT JOCTHTAET BCEro JHUIIb OKojo 3 % oT
JT1000T0 TOTOBOTO HM3ENUs B AJIEKTPOHHOW MPOMBIIUIEHHOCTH, 06e3 o0ecredeHus BBICOKOTO
KauyecTBa MEYaTHOM IUIAThl, KaK OJHOM W3 OCHOBHBIX KOMIIOHEHT pPaJHO3JIECKTPOHHOU
MPOIYKIIMH, HE BO3MOKEH BBIITYCK KOHKYPEHTOCTIOCOOHOM MPOAYKIIUH.

Cuctema KOHTpPOJS KauyecTBa TMEYATHBIX IIJIaT, MCIOJB3YIOMIAs ONTHYECKUN METOJ
KOHTPOJIS, COCTOMT U3 MOJYJIeH 3axBaTa M300paKeHHsI, €ro MpelIBapUTENbHON 00paboTKU U
ananm3za (puc.l). Ha Bxon cucteme momaercs mudpoBoe n3oOpaxkeHue neyaTHou rmiaTel. Ha
JTarne npeaBapuTeIbHON 00pabOTKH MPOU3ZBOAUTCS KOPPEKIUS T€OMETPHUECKUX HCKaKEHUH,
OuHapu3anys U, Ipu HEOOXOJUMOCTH, YAAJIEHUE IIyMa.

Lindposoe

MpensapuTenbHas obpaboTka n3obpaxkeHns
peneap! P p n3obpaxeHune

!

Mowuck n knacendmkauma aedextos

3TanoH,
Zonyckv

anHﬂTMe pelleHnsa o KavyecTee

Puc. 1. CtpykTypHas cxeMa CUCTEMBI KOHTPOJISI KQUeCTBA MEYATHBIX IJ1aT

44 © A.B. HH10THH



ISSN 1561-5359. llITyunwuii intenekr, 2016, Ne 3

Ha »tane moucka aedeKkToB NMpOU3BOAMTCS JOKanu3anus AedeKkToB Ha Oaze Habopa
BEIOpaHHBIX METOJIOB KOHTPOJIS, 3TaloOHa M Habopa jomyckoB. B pesynbrare popmupyercs
BEJIOMOCTh J1e()eKTOB, B KOTOPOH XpaHHUTCA UX omucaHue. lIpuHsATHe perieHue o KauecTBe
MeyaTHOM IJIaThl MPOU3BOJAUTCS WM aBTOMATUYECKH, WJIM ONEPATOPOM BPYUHYIO IOCIIE
aHann3a JOeEeKTHOM BEJOMOCTH M MPOCMOTpa 3HAYUMBIX NedeKkToB. B pesynpraTe miata
MOJKET OBITh MPUHSATA JUIS AalIbHEHIIIeH padoThl, OTIIPaBJICHA HA PEMOHT WM OTOpaKkoBaHa, a
B IIPOM3BOJICTBEHHBIN MPOLECC MOT'YT ObITh BHECEHBI HEOOXOANMbBIEC U3MEHEHUSI.

OcHoBHOE TpeOOBaHHE K CHUCTEME KOHTPOJS — ATO OMPENEIICHHE BCEX JCHCTBUTEIBLHBIX
ne(eKTOB ¢ MUHUMAJIbHBIM KOJIMYECTBOM JIOKHBIX. JIJIs1 yIOBIIETBOPEHHSI TaKOrO TPeOOBaHMUS
HEOOXOJMMO HCIOJB30BaTh KOMOWHAIMIO PAa3HBIX METONOB TMOHCKa nedekroB, HO 0Oe3
KaueCTBEHHOI'O BBIJICJICHHSI 3JI€MEHTOB TOMOJOIUU (JIOPOKEK, KOHTAKTHBIX IUIOLIAJIOK) Ha
M300paKEHUH TIPOBECTH aHAIHM3 M300paKEHUS] HEBO3MOXKHO. VICKITIOUEHHE COCTaBIISIET TOJBKO
METO/I MPSIMOT'0 CPaBHEHUS N300pasKEHHIA, HO OH 3HAYUTEIBHO OTPAaHUYEH 1O BOZMOXKHOCTSIM.

CermMeHTanus U300pakeHuii MeYaTHHIX IJIAT

Jns BelIENEHUs 3JEMEHTOB TOIOJIOTMU HMCHOJb3yeTcs cermMeHTauus. W3BecTHbl Tpu
OCHOBHBIX TPYHIIBI METOJOB CErMEHTAlMU: OOJIACTHO-OPUECHTUPOBAHHBIC, T'PAHUYHO-
OpUEHTUpPOBaHHBIe,  cTaTHcTUueckue [4-7]. OOnacTHO-OPUEHTUPOBAHHBIE  METOJbI
UCTIONIE3YIOT pa30MeHNe BXOIHOTO M300paKEHUS HA 3JEMEHTAPHBIC B HEKOTOPOM CMBICIIEC
o0yacTu, W3 KOTOPHIX 3aT€M COCTABIIAIOTCS HCKOMbIE 00nacTu (CerMeHThl). [ paHUYHO-
OpUEHTUPOBAHHBIC METOJBI OCHOBaHBl Ha (UKCUPOBAHMM HW3MECHECHUU WHTCHCHBHOCTH
nuKcesel Ha rpaHuiiax 00beKToB. [Ipu cTaTuCTHYECKOM METOe MUKCETH OAHOTO M TOTO e
00beKTa MPUHATICKAT OJJHOMY U TOMY K€ KJIaCTepy MPOCTPAHCTBA MPU3HAKOB.

[IpennosxeH MeTO/1 MOBBIIIEHUSI TOYHOCTH CETMEHTAIIMN W300paKECHHUM MeyaTHBIX IUIaT,
KOTOPBIA 3aKJIIOYACTCSs B OKCIEPTHOW KIACCU(PUKANMU PE3yJbTAaTOB KJIACTEPH3AIUH,
MPEJICTABICHHBIX B BUAEC HaOOpa HM300pa)KeHUIl, COOTBETCTBYIOUIMX KaXKIOMY KIacTepy, H
[[BETOBOrO0 Ky0a, OCSAMH KOOPAMHAT KOTOPOTrO SBJISAIOTCS 3HadeHus sipkoctd R, G u B
koMmoHeHT. KitacTepa Ha KyOe mpeicTaBieHbl B BUIEC TOYKH, pa3Mep KOTOPO COOTBETCTBYET
KOJIMYECTBY IMUKCEJIEH KlacTepa, LIBET— €ro yCPEIHEHHOMY LIBETY, a IBET IPAHUYHOMN JIMHUN
— €ro HoMepy.

Ha puc. 2 npuBeneHo ucxonHoe u300pakeHHE IMEYATHOW IUIAThI MOCIE OTUIABICHUS
CIJIaBa 0JIOBO-CBUHEII.

Puc. 2. Hcxonnoe I/I306pa)KeHHe MeYaTHOM IJIaThl OCJIE OIIABJICHUS CILJIaBa OJIOBO-CBHHEI]
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Puc. 3. 'ucrorpamMma sipkoCTH JUIsl HCXOAHOTO U300paxeHust

Ha pucynke 4 nzoOpakeH 1IBETOBOM KyO c pe3ynbTraTamMu k-means KiacTepu3aluu B
npoctpancTtee RGB.
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Puc. 4. LIsetoBoii ky0 ¢ pe3ynbratamu k-means kiactepusanuu B npoctpanctse RGB

Ha pucynke 5 mnoka3aHbl pe3ysbTaTbl CETMEHTALMU: JOPOKKH, IUIIEKTPUUYECKHUI
MaTepHuai u ero n1eexT — B3ayTue.

B tabmuue 1 mpuBeneHo cpaBHEHHE MPEIJIOKEHHOTO METOAA MOBBIIMIEHUS TOYHOCTH
CEeTMEHTAIlMU C pe3ylbTaTaMHU JBYXJTAllHOTO aNTrOpUTMa CErMEHTaluu u300pakeHui [5].
KagecTBo cermenTanuu Q OlleHUBAJIOCH KakK:

Simage - }; Serror;

Simage

rae Simage — oOmas 1iomane wu3o0paxeHus, Serrori — IUIOMEAAL 1-TO OIMMOOYHO
CETMEHTHUPOBAHHOTO (parMeHTa n3o0paxeHus. [Ipumepom OmHMOOYHO CETrMEHTHPOBAHHOTO
(dbparMeHTa MOXKET SBISATHCS YacTh JJOPOKKH, OTHECEHHOU K IUANIEKTPUKY, K HA000POT.

N3 Tabmuupl ciemyer, YTO NPEAJOKEHHBIM METOJ] CETMEHTAIlMU JaeT JIyYIIun
peSYJ'IBTaT 10 CpaBHeHI/IIO C ABTOMATHUYCCKUM )IBYXC)TaHHI)IM aHFOpI/ITMOM
CerMeHTAaluu U300 paKEeHHM.
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Y ry

B)

Puc. 5 Pesynbrarsl cerMeHTaIMK: JOPOKKH (), TUAIEKTpUIecKuil matepual (0)
u ero nedext — B3ayTue (B)
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Taomuua 1. Ouenka kadecTsa cerMeHTanH

CermeHTaius U300paKeHus ITapameTpsl Kauectso
Tt p P p cermeHTraruu Q
DKkcnepTHas KiIaccuPuKaIus pe3yibTaToB KomnuectBo 0962
k-means kiactepusanuu kyactepoB 30 ’
cr0.4,s0.2 0,884
cr0.5,50.2 0,920
JIBYXATalHBIi aIrOPUTM C cr0.6,s0.1 0,897
Pa3IeTMMOCTBIO IIBETOB CT U cr0.6,s0.2 0,896
YyBCTBUTEIBLHOCTBIO S cr0.6,50.3 0,864
cr0.7,50.2 0,897
cr0.8,s50.2 0,801
3akjaoueHne

Pa3pa60TaH METOJ INOBBIIICHUSA TOYHOCTH CCIrMCHTAINU I/I306pa)KCHI/H>'I II€4aTHBIX ILJIAT,

OCHOBaHHLII Ha 3KCHepTHOI\/JI KJIaCCI/I(l)I/IKaHI/II/I OBCTOBLIX KJIACTECPOB, IOITYYCHHBLIX C

noMmoniblo k-means kmactepuszauuu B mpoctpaHctBe RGB. VYBenuuenue kauectBa
CErMEHTAIlMU JIOCTUTaeTCsl 3a CYET COKpAIEHUS HEUISCHTUPUIMPYEMBIX WU OIMIMOOYHO
uaeHTU(UIMPYEMBIX obJsacTelt n300pakeHHs. MeTon mpeaHazHadeH i IOATOTOBKU

JaHHBIX JJI1 KOHTPOJII Ka4€CTBaA IICUYATHBIX I1JIAT.
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RESUME

A.V. Inyutin

Method for increasing the accuracy of PCB image segmentation

The PCB quality inspection system, based on the optical control method, consists of
image capture, preprocessing and analysis modules. At the preprocessing stage, geometric
distortion correction, binarization and, if necessary, noise removal are performed. At the
defect search stage, defects are localized based on a set of selected monitoring methods and
parameters of the production process (layout artwork and set of tolerances). The main
requirement for a control system is the definition of all actual defects with a minimum
number of false ones. To meet this requirement, it is necessary to use a combination of
different defect search methods, but without qualitative highlighting of topology elements
(tracks, pads) in the image, it is impossible to analyze the image. This determines the
relevance of the research topic. Inspection of printed circuit boards is carried out at various
stages of production, in which its have different colors and the quality of the layer surface.
Segmentation is used to highlight the topology elements. The purpose of the study is to
improve the accuracy of segmentation of printed circuit boards.

As a result, a method for improving the accuracy of segmentation of PCB images is
proposed. The method consists in the expert classification of the k-mean clusterisation results
represented as a set of images corresponding to each cluster and a color cube which
coordinate axes are the brightness values of the RGB components. Clusters on the cube are
points, which size corresponds to the number of pixels in the cluster, the color is its average
color, and the color of the boundary line is its number.

The article shows that the proposed segmentation method gives the best result in
comparison with the automatic two-stage algorithm of image segmentation.

* Paboma 8bINOJIHEHA npu Gunancosoi noooepoicke bPOOU
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