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HossemBAY2dLNI,Ｍ懇anobuNISHINqSotoshiYAMADA[Ｍｅｍ.],MasayoshilWAHARA

Inthispaperwepmposeamodeltol巳pIDduceaPCBpattemeddyculrenttestingsignalbasedon3DFEM
packageandscanningsimulation・ＩｎｔｈｉｓｍｅｔｈｏｄｗｅｃｏｎｓｉｄｅｒｓｏｍｅｃｏｍｍonPCBelementsastestpieceswhilea
simpleMeande腰typecoilisutilizedasexcitationcoilabovetheeIements・Numericalsolutiontotheaboveproblem
withthehelpofa3DFEMprovidesthema型eticfluxdensiwintheregionabovethePCBtestelemems･Shifting
thetcstelement，spositionstepbystepandrepeatinglhenumericalcalcuIationfbreachofUletestelementsnew 
positions,UlescannmgpmcessofaPCBtestpieceissimuIated.Analysingandsmoothingthemagneticfielddata 
homalloftheafblBmentionedstepsprovide山efinalPCBpattemsi甑aLImageprocessingtechniquewasappIiedto
obtainthePCBpartimage． 

Xﾋﾜ'ｗｏ雄fPCBmspection,Eddycmrenttesting,Meandercoil,ＦＥＭ．

Second,1ｈｅｐｍｅｍｏｆｔｈｅｃｏｎｄｕｃｔｏｒｏｎＰＣＢｉｓｎｏｔ 

unifblm，diHbI巳ntmmconventionalOestingmateriaｌｆｂｒ

ＥＣＩ：ＩｎｏＵ１ｅｒｗｏｌｄｓｅｄｄｙｃｕｒｒｍｔｓｉｎ－ａＰＣＢslripal巳

constrainedtoaSpecificpath・Hence,Uleoutputof山eECT

pmbeincludesmanykindsofsi印aloriginatedfomnot

onlydefectsｂｕｔａｌｓｏＰＣＢｐａｔｔｅｍ、ConseqUenUyb

mmducingatechmquewhichitselectsonlyUledefbct 

sigmalisindispensabIefbrhisapplicationDatapmcessing 

techniquewhicllisalreadydeveloped[3]couldbeusedto 

extractlhedefbctsｉｇｌａｌｍｍｔｈｅＥＣＴｐｍｂｅｏｕｔｐｕｔ； 

howeverlhedi茂cultyofdistinguishingsomedefbctswher巳

they韮closetｏeachotllerstiUlimitsd]eappUcationofthis
u 

method： 

Ｈｅｎｃｅｗｅｉｎｔｍｄｕｃｅａｍｅ山ｏｄｗｈｉｃｈｗｅｃａＵｌｈｅ

ＢａｓｅＭＯｄｄｍｅｍｏｄ,tOoveEcometheplDblemofegmacdng 

defbctsi印almmlheECTsiglaLInUliswayweobtainan

jmagemmexistingdsfectsonaclearback8Ⅸoundhlolher 

words，ｏｎｅneedstolocateexistingdefbcts，likO 

disconnections,onaPCBconductjvesmp,hence,tlleECT 

si印alobtainedmmPCBscannmgwhichmcludesthe

who1einfblmationofacomplexPCBpattem，ｉｓｎｏｔ 

唾ｑＵｉｌＣｄ

Ｏｕｒａｉｍｈｅｒｅｉｓｔｏｆｉｎｄａｗａｙｔｏ唾、oveUlesignals

havingtheinlblmationofthenon-defbctedsmpsandjusｔ 

ｋｅｅｐＵｌｅｓｉｇｎａｌｓｒｄａｔｅｄｔｏｍｅｄｅｆｂｃｔｓｏｎｔｈｅｓ甘ips､mis

pmcedll己ｃｏｕｌｄｂｅｄｏｎｅｂｙａｐｐＭｎｇｈｅｍｅｔｈｃｄwe

inmduceinlhispapenBaseModelmethodpmvidesme 

にqui1℃dtoolsfbrgmingU1esignalspmduceｄｂｙａ

lTmtwMHBU命､、

EddyculrmttestingにCT）isanimportant

non-desmJctivemed1odusedfbrinspectionandlocating 

defbctsonconductingmaterialssuchasmetallicpipes， 

wingsofaiIplanesorevendleconductivesl面psofaprinted

cimuitboaldsGCB)[1],[2l 

Theadvantagesofthismelhodal巳fhsmeSsandlow

mechanicalｍＢｓｓｒ巳sulUngmmitsnonPcontactnamr造，

whicharCsuitablefDrtheinspectionofdeUcateobjects・

Anolherfeam℃ｏｆｔｈｉｓｍｅｄｌｏｄｉｓｌｈａｔｗｅｃａｎｇｅｔｌｈｅ 

ｉnfblmationmlhediICctionoflhichlessbychoosingan 

adequateexcitation錠quencyconsidclingsurfacee碇cL

ThelefbHcWhenitisusedmtheinspectionofPCB,itcan 

mdnotomydisconnectionoflheprintedpattem,butalso 

chippmgdefbctandimperfbctionofthicImesswhichar吟

hard埒mdbyconventionalimagepmcessingmethods、

Ｆｏｒｔｈｅ定alizationofmePCBinspectionbyECr

medlod,howevem血ｅｒｅａｴctwodiHicultiestobesolved・

FilsLeddycun己ntsshouldbeinducedeEHcientlyinlhmand

naⅡｍｗｐｒｉntedchCuiLForUmspurposeaMeandePtype 

excitationcoUisused［1]、TheMeandersmlctuI巳is

plBferabletothemductionoflheeddy白cunCntsalongUle

lineconductorlikeprintedcimuit． 

CormesPondence：HosseinBAYmII,InstimteofNatul巳and

EnvimnmentalTEchmolOgDlKanazawaUnive屑i既Ka1mma，

Kanazawa,Ishikawa,兎011里,JAEAN，

Email:hbayani＠yahoQcom 
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non-defbctedPCB・IfonesubmctstheBase-Modelsiglal

mmtheECToutputsi印alofadelbctedPCB,UledelbCt

siglalisobtained・Inlhismethodwesilnplifyacomplicated

PCBpattemgeomehytomanysimpIebasicpalts;however 

theにisjustafbwnumbelsofsuchsimplepaJtsgeome位y

T11enextstepincludes山esimulationofscamnngprocessof

simpIepaI⑬individuaUynlissimulationisbasedona 

numericalcalculationusinga3-DFEMpackage・FinaUyby

assemblingtheindividuallEsultsmmeachbasicpaltone 

c3nobtainthemalsi即aＬ

0■■ 
(b） ｡ 

Fig.１:PCBpattemcouldbeseparatedmtomanybasicpalts 
suchas:(a)openeIbowb(b)smighLand(c)haIfparL 

2.Base-ModelMfDIIMMl 

AslheajmofommodeIistoにpmducethepattemofa

non-de化ｃｔｅｄＰＣＢｉｎａ巾e０厘ticalwaybysimuUating山e

scannmgpmcess,theibUowingissuesshouIdbewoIkedon 

caに（il1Iy：

2.ﾉ.DisCJsU巴m6lb2gjliePC〃”"巴m

ltispossibletoconsideraPCBpaltemgeomepyasan 

assemblingofsomebasicpartsasseeninFig・LInthisway

acomplicatedpattemcouldbeseparatedintobasicparts・

Thepalteml巴pmducingpmcesscouldbeappUedtothe

diHbr噂ntbasicpaItsmdividuallytogetthemalimageibT

eachofthepaIts・meseimagesa1℃thenassembledtoget

thewholePCBimage･ 

Eve、山Cu喚thepattemofatypicalPCBisquite

complex,therBpeatabiUwofthebasicpaItsm山ｅｐａｔｔｅｍ

ｃａｎｂｅｔａｋｅｎａｓａｎａｄｗｍｔａｇｅｔolimitUhenumberof 

CfDlCUnIntiOnS-

HelBweinvestigatedreediHbrcntbasicpmsasshowｎ 

ｉｎＦｉｇｌ:opeHIelbow6smighLandhalfparLThewidthand 

thiclmessofeachpartarpconsideredtobelOOandlOl｣ｍ， 

にspectiveIy

(a） 

200四ｍ郵仇■ 釦似、

(b） 

Fig.2:(a)TbpviewofaMeandel造typecoil,(b)FDuI迄leg
conductiveslripusedtomodelaMeand跡ｔｙｐｅｃｏｉｌｍ
ｗｈｉｃｈｗｈｉｔｅａｍｗｓｓｈｏｗｔｈｅsulfhcecun℃､tdensities 

whicbareoppositeindi1℃ctiononadjacentlegs． 

measur巳sthema型eticfluxdensiwinthescanningdilDction

Becauseof山ａｔ山epbysicalquantitywhichwecalculate

heIEismemagleticnmdemsityduetointemctionbetween 

lheMeandercoUandaPCBbasicpartbUnfbrmnateIytheに

isnoanalyticalsolutiontosuchapTDbIem;hence,weuse 

numeTicalsolutiontofindthemag】eticfluxdensityUsmg

FEIVLABpackage,wesimulatedaMeandercoilabovea 

basicpmina3DmodelasshowninFig3fbraWpical 

open-eIbowbasicpaIt 

lnthe3-DFEIvLABcalculationitisvelyimportamto 

choose“qUadmlic，，elementtoobtainanacceptable 

smoothed価esulLWealsoconsideにｄａｆinermeshsizeindle

Z2Ph96edelmZFm7zｺﾞpﾉ1ｗｉｍｌ９８Ｊｍ７"〃ｍａｚｓ１"沼ｍｅ、

AlongMeandeFtypecoilisutilizedasexcitamoncoiL 

TbsimmaLedlecoU,weusefbursmightlongconductive 

smpslocatedpamlleltoeachohe虹Thedistancebetween

eachs甘ipisconsideU迫ｄｔｏｂｅ５０Ｉｍｌ，Thewidlhand

thicknesSofeachsmpiｓａｌｓｏａｓｓｕｍｅｄｔｏｂｅ２００ａｎｄ３５Ｕｍ 

ｒｐspectiveIyasseeninFig2・

ＩｎａｌＢａｌe,甲eIimenLaSVCMRsensorisloc窟tedinthe

middlepointoftheMeandercoilinsuchawaymatit 

● 

L 
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measur噂themag1eticfluxdensityoneachcemalline

betweenthes面psoftheMeandercoilwhichalpshownby

dashedlmesmFig3・Thema餌eticnuxdensiwalongthe

dashedIinenumber(2),whilelhePCBpartwassetondle 

refbにncepositionisshowninFig4，

ＡｓｗｅｍｏｖｅｄｍｅＰＣＢｐａｌｔｌＯｓｔｅｐｓａｎｄwealsohad3 

cenmllines,ｗｅｇｏｔ３０ｃｏＩｕｍｎｓｏｆｄａｔａＴｈｅｓｅｄａｔａｗas 

gaUleredinamamxtobeusedfbrimageprocessingStep 

TbobtainanimaｇｅｏｆｌｈｅＰＣＢｐａｒｔ,thegrHdientofthe 

afblmentionedｍａｍｘｗａｓｔａｋｅｎａｓａnedgedetection 

prccess・ＡｍｅｄｉａｎｍｔｅｒｗａｓａｌｓｏａｐｐＩｉｅｄｔｏｇｅｔaclear噂r

lmage､Fig.5(a),(C),and(のshowtheresultofascanning

simuIationprcducedbytheBase-Modelme山odwbileUle

scannedtestpiecesweにsUpposedtobeopen毛lb０Ｗ；

smightandhalfparLNotice山atlhescammgdiIEctionwas

inanUp-downdiI巳ctioLi.e､ybdiI壱ction

Oneofthemostmportantpointsmthecalculationis 

relatcdtothewidlhof山esensingareaOlBma8meticsensor
whichweshouldtYukemmaccounLTheGMRsensorused 

intheexperimenthａｓａｓｅｎｓｍｇ虹已ａａｂｏｕｔｌＯＯＵｍｂｙｌＯＯ

Ｕｍ;hence,weshouldconsidertheeHbctivesenslngaIBaas 

asurfhce,、OtasapoinLtoobtainamorermlistic鱒sultas

closeaspossibIetoUleexperimenta1嬢ulLThewide-aJ噂a

sensingeHbctcauses山efinalimagetobeaUtUeblun巳din

compansonwiththeI巳sultofapointPsensorasseenm

Fi9.5(b),(｡),and(1).Ondleomerhand,calculatedl己sults

obtainedbytheBaseModelshowsthattheresolutionofU1e 
q 

finalimageofthebasicpartisinverSelypmportionaltoU1e 

scanningstepsize・

ThewholeabovepmceduI巳ｃｏｕｌｄｂｅａｐｐｌｉｅｄｔｏａｎｙｏｆ

ｔｈｅｏｔｈｅｒｂasicparts・ＩｎＵｌｉｓｗａｙｔｈｅｉｍａｇｅｐｍｄｕｃｅｄｂｙ

ｅａｃｈoflhebasicpaltsisobtained,ａｎｄcouldbeassembled 

togettheimageoｆａｃｏｍｐｌｉｃａｔｅｄＰＣＢｐｍｅｍｓｈｏｗｎｉｎ 

Ｆｉｇ6． 

Fig.３：SimulationofscanningpmcedulpusingFEM 
packageThecalculationwas鷹peatedfbrlOdiHbrent
positionsofPCBpaItonxaxistosimulatethescanningin 
x-dh巳ction･Ｔｈｅｙ旨componentofmagneticfluxdensitywas
obtznin⑭ｏｎ山ⅡＣｅｃｅｎｍｌｄａｓｈｅｄｌｉｎｅｓｆｂｒｅａｃｈｏｆＵlelO

x-stePstosimulatelhescamli､giny-dirBctionDashedlines 
arenumberedwid1(1),(2),(3)．AsthecoUlegsarc 
consider巳dtobeveIylongmy-dhBctionandtheyarealso
peTiodicinx-dilCction,d1eNeumamboundmyconditionis 
colURinmEi-

にglonsofcurmeasurementinte[巳stalnthiscasehe

numberofdCgCesofhEedomfbrtheFEMpackagesolver 

waSabout型0,000.ｍｅ鮫quencywasconsidel巳ｄｔｏｂｅ５

ＢＢＩｚ、

SincethelegsofmecoUwassupposedtobeverylong 

iny-dhcctionandtheyhadpenodicityinx-dhpctionwhich 

canbeseeninFi9.3,1ｈｅｍａ即eticfieIdhasonlytangential

componentatinHniWLHence，theNeumannboundaly 

conditionwasappUedtothepmblem、

2.3.SHP""bJimq/:Fcq7m"UgPmcごSF｡"dmTqgUpmc＆Jsmg

A2-DscannmgsystemmcIudesscanningintwo 

directions,Ｌｅ,xPdhectionandy-dh己ction,whichweshouId

considerbolhof山eminIhescalmingpmcedmeshnulation

Tbsimulatedlex-diI巳ctionscamnngplDcesswe

I巳peatedtheFEMcalculationfbrmanydiHblmtPCBpart

positionson山exPdjrectiomdativetotheMeanderCCU・Ｉｔ

ｍｅａｎｓ５Ｉｓｔｗｅｐｕｔ山epaltina鷹fbにncepositionandnm

thepackagetoobtainthemagneticnuxdensitynlenwe 

moveUlepositiｏｎｏｆｔｈｅＰＣＢｐａｒｔｏｎｅｓｔｅｐｏｎｔｈｅ 

ｘ－ｄｈ巳ction･Ｈｅ暉weconside唾deachsteptobe25l｣masm

theeXperimenLAibermnningthepm酊臼mandgettingにsult，

thesameplDceduI己wasrCpeatedfbranewpositionofｌｈｅ

ＰＣＢｐａｒＬＷｅｌ己peated山epmcedul巳１０timesorinother

woldsfbrlOsteps， 

Forsimulatinglhey-dhEctionscannmgplDcesswe 

3.ExpeIfmentlCompa虚ｏｎａｎｄＲｅＳｕｌｔｓ

Ｔｈｅｐｍｂｅｕｓｅｄｉｎｌｈｅｅｘpenmentconsistsofalong 

M図ｎｄｅｒｃｏｉｌａｓａｎｅｘｃｉｔｅｒａｎｄａＳＶＬＧＭＲsensorto

measurethema2meticfluxdensity・Thesensorwasmounted

onthelongMeandercoilanditssensingaxlswassetto 

detectthema厚neticnuxdensitylonlyinlhescanning

direcｔｉｏｌＬｎｌｅｕｓｅｏｆ血elongMeandercoilprovidesme

advantageofeasilydeveIopingamultisensonwhicbis 

(29） 9７ 
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(c） 

､ 

ｏ、⑩ｍＢｏｍＯ１２０１⑩1Bロ

⑥ (f） 
(b） 

Fig.5：（a),(c),and⑥31℃theimagesofanopen-elbowb 

aslmigｈＬａｎｄａｈａｌｆＰＣＢｂａｓｉｃｐａｍｐｒｏｄｕｃｅｄｂyFEM 

packageandimageprocessingtoolswhilelhemagletic 

sensorwasassumedtohaveapoinﾄsenlsingsmlctureand 

(b),(｡),and(OaIB1heimagesofthesamePCBpartsWhUe 

themagneticsensorwasassumedtohaveawide-aICa 

sensingsmctul己．

Fig.4：（a)PEM1℃sultfbry-componentofmagneticnｕｘ・
densiwonda血edlinenumber(2)inFig3whileasmi甑t
PCBbGsicpaItislocaLedonthe定fbImcepoinLTheline
lUsolutionislOOO． 

(b)、】esameabovel巳sultobtainedbyexpeTimenLNoに

thatmemaglit9deofmenuxdensiUisnotmportanth唾
becauseitdependsonourchoiceofderivingcnmentdensity 
inｔｈｅＦＥＭｍｏｄｅＬＨＯｗｅｖｅｎｔｈｅｐｍｄｕｃｅｄｐｍemisof 
impoltance． 

applyingimagepmcessmgtechnique;wegetmepatLems 

whichcanbeseeninFig.7(a),(c),and(e).Fig.7(b),(｡),and 

(Oshowthecompansonbetweenourmeth0.1℃sultsandme 

experimentalmBsults・

T11eIEsultsshowU】atourmethodcouldbeagood

candidaLefbrpmducingaPCBpattemwhenaにａｌｓｃａｎｏｆ

ｔｈｅＰＣＢｃａｎｂｅｄｅｅｍｅｄｎｅｅｄless，Onlheotherhand 

sublractingthepattemobtainedbytheMeUlodmmlhe 

pattembylheexperimentgivesthedefbctpmemonaclear 

backgmmdwilhoutmecomplicatedPCBconductor 

patnem 

ltiSavelylmPOTtantpOinttOgetaneaSy 

anoUlertecbni叩ｅｈａｔｃａｎｉｍｐｍｖｅＵｌｅｓｃａｍｍｇｓｐｅｅｄ､In

addjtion,itpmvidesashortdistancebetweenlheSVLGMR 

sensorandtestedPCB，ＡｓａＩ巳sulLthesemsoreasily

acqujl巴stheECrsi印alatdeibctpomtwithhighSNR

Ma印eticfieldexcitationwasgmemtedbyfbeding

high-hCquencyexcitingcun己nttotheIongMeandercoU・In

thisrCsea1℃h,sinusoidalculT巳ntof200mAatahEquencyof

５１nlzwasfbdtoUleMeandercoil,AloclemampUfierwas 

usedasadatzlacquiSitionsystemfbrmeasuIinglheECr 

sigml丘omtheseunsolb

ScanningasmaUpaItofaPCBinanexperimental 

simationconsistsanopen-eIbowbasmighLandaha1fpaIL 

(30） 9８ 
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(b） 

(c） (｡） 
Fig.６:Assemblingmer巳sultsmmdiHb唾ntpaItsgivesthe
O 

1mageofthewholepart． 

distinguishablehmgeofapmbabledelbctonacompUcated 

PCBinsteadofacomplicaにｄｍａｚｅｏｆｌｉｎｅｓ，The

Base-ModeImethodwhichweintmdqucedisunder 

developmenttogetsuchal巳sulL （e）（０ 

Fig.７.（a),（c),ａｎｄ（e）錘theimagesobtainedhDm

expenmentand(b),(｡),and(OaI乙山eimagesproducedby

theBase-ModeI、ｅｔｈｏｄＳｃａｍｍｇｗａｓｄｏｎｅｉｎａｎｕｐｄｏｗｎ

ｄｈでcIion

4.COBMqIUUEiUm 

WeinmducedlheBase-Modelmethodtｏｐｍｖｉｄｅａ 

ＰＣＢｐａ位emimageusmganumelicalmethod,withoutthe

necessitytodoanyexpenmenLUsinglhelBsultantimage 

ｈＤｍｔｈｅｍｅ山odandcompanngitwihtheexperimental

resulLpmbabledefbctonPCBconductorsmpscouldbe 

identifiedonaveryclearback厚Dund・

ＡｓｔｈｅｍｏdeIisbasedonaFEMcalculatioL 

calculationtime，smooUmessandprecisionofthel巳slnt

dependsonthePCandthenumberofdeg℃esofh巳edomof

memodeLForexampleifonechoosesalmearelementU]e 

lBsuItwillnotbeassmoothandｐＩ℃ciseasneededHaving 

UneresultfbrafbwnumberofbasicPCBpaltsasmentioned 

mFig・lisenoughtoreproduceacomplicatedpatlem

HoweverifthedimensionsofallealPCBpartschanges,fbr 

exampIethewidthofapartinsomeal巳a,ｔｈｅｍethodshould

beappliedtothenewbasicparttogetanewimageldated 

tothepalL 

memethodshowsaconsidembledevelopmentm 
PCBinspectionandcｏｕｌｄｂｅｅｘｔｅｍｅｄｔｏｏｔｈｅｒａｌｅａｓｏｆ 

ＥＣＴinspectionwherethetestpieceismadeofa 

complicatedpattemaswelL 

ﾛ 

’ 
(a） (b） (c） 

Fig.８:（a）Photoofal巳alPCB,(b)噸geofthePCB

obtainedbyexpenmentaherapplyingimagepmcessmg 
technique,(c)imageobtainedbyBase-Modelmethodfbra 
smallpaltofthePCB 

(31） ，, 
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