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AbstlⅦCt  

A ncw systcm for switching rotary DIP switches 
（RDSs）onthcboaTdofadigjtalrelayusedasasafcty  

dcviccisdescTihcd・ThissystcmisexpeCtCdtobcused  

for hspeCting the pcrformancc ofdigitalrclaysin the  
rnanufacturjngproccss・ThcthTCC－dimcnsionalpositionof  

IhcnaTTOWCTOSS grOOVeOfan RDSismeasuredwith a  
CCD camcTa attaChcd to a rohot hnd．A screwdrjver  

attachcd to thc tip of thc rohot handis accumtcly  
COrrCCtCdtothcrightposition，uSlngPOSitionaldata，and  

inscrtcdintoagTOOVCOfthcRDS．Thissystcmcanalso  
dctcct thc numhcr of switching stcps and rcad an  
illuminating pattcrn of LEDs on the board．The  
PC血）m．anCCOfthissystcmwaschcckcdinactualuscand  

it was confirmcd that the RDS can he switchcd without 

PrCCisc叩S－t－On川gOfthcrcla）′・  

2・9mmlong）・  

Tnthispapcr，WePrOPOSeaSyStCrnWhichdetcctsthe  
precise position of each RDS on a relay board with a 
CCDcamera，autOmaticaltvinscrtsascrewdrivcrintothe  
gTOOVe，Switchcs the RDS，and rcads thci11urninating  

PatternOfLEDs・Thissystcrnisun7queinthatitusesa  

multiplc－joint rob（）t With a CCD camera on thc robot  

hand to dctcct thc prccisc posiIion ofcach RDS．rmis  
SyStCm has an advan【agc thこItitis rohust agalnSt thc  

thrcc－dimcnsionalpositionsandoricntationsofRDSs．  

2．SystemDesignand Per鮎rmance  

A schcmatic diagram ofthc switching systcmis  
ShowninFig・1・ThissystcrnconsisIsof（1）afixcdCCD  

CamCralattachcd to a solid potc，（2）a multipIcJoint  
robotwhosctipisohscTVCdwithanothcrCCDcamcra2  

attachcd to thc robot hand，（3）a computcr什）rimage  

PrOCeSSing and rohot contTOl，and（ヰ）thc digitalrclay  

Whichisoperatedbypowcrfromacurrcntsourcc．CCD  
CamCralis uscd丘）r Obscrvlng the cntirc rclay boaTd  

Whoscsizeis120mmx80mm．Anat－tipscrcwdrivcris  

also attachcd to thc tip of thc robot hand as shown in 

Fig．2・ThisscrcwdrivcrisTTladcofacryticTCSinsothatits  

tipcanbei11urninatedbyguidingalightfromabove・lllC  
SCrCWdTivcris uscd to switch RDSs and the tipIS also  

1．Introduetion  

Thcdigitalrclay，Whichisakindofbrcakcr，isused  
to cnsurc thc safcty of cIcctricalたICilitics．Dozcns of  

OPCration modcs can bc sct by switching rotary DTP  
SWitchcs（RDSs）onthcrclayboard．tnthemanufacturing  
PrOCCSS Of thc digitalrclay，itis csscntialthat each  
asscmblcd producIbcinspeCIcd，instcad of sampling  
inspcction，bccausc digitalrc］ays aTC uSCd as safbty  

d（汀iccs．  

TninspeCIjon，RDSs are adjustcd to speCify the  
Operation modcs of thc rclay，and thcindication on  
SCVCn－SCgmCntLEDsisTCadtochcckwhcthcrthcrclay  
is good or noI．Up to now，digitalrelays havc bccn  

inspcctcdbyhandandithastakcntcnminutcsperrClay．  
Asthcmodes to chcckarc so many，manualinspcction  
hasfrcquentlybroughtabouthtalcrro17；．Forthisrcason，  

ithashccns†rongly rcquircd tojnspcctthcdigitalTClay  
automaticaltv．Tt has bccn difficu］t，howcvcr，tO  

automatica］Ty switch RDSs uslng a TOhot，bccausc thc  

RDSis madc of plastic andis easily damagcd when  
turncd with a scTeWdrivcr and thc size of each cross  

groovcbrswitchingthcRDSissmalt（0．7mmwidcand  

y x  

Fig．1SchcmaticdiagramofRDSswitchingsystcm．  
SG：Straingauge   
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TablcISpccificationsofcomponcntsinRDS  
SWitchingsystcm．  

Typo   Specifications   
Robot  MitsubjshiEIectric   Horizontalmulti－jointtype  

MOVEMASTERRH＿M2  Degreeso＝「eodom：4   

Robot  （OtOU「OWnmaking）  Withanac吋IIC   
hand  †lat－tipscrewdriver   

CCD   1．Panasonic   1／2inchCCDdevice   
Cam㊤「aS   W－MF212   Field：160mmXllOmm  

2．Toli   1／2inchCCDdevice  
CS3150   Fi81d：16mmXllmm   

Computer  SunSPARCStationlO  Numbero＝mag8S  
Framegrabber：   CaPtUrOd：3frames  
DatacelIS2200  （8bitmono．640×480）   
So什Ware：  

NoosisVisi10g4  

Fig．2Expandcdvicwofrobothandhcad・   

illuminatcd byaTlnglighthracIcarimagcaroundan  
RDS．ThchalfofthcTinglightoppositctoCCDcamcra  
2isshicldcdsothatthc］ightrctroTCnCCtCdbythcboard  
hardly corncsinto thc CCD camcTa・Thc numbcr of  
SWitching stcps can be detcctcd with a strain gaugc，  
bccausc thc output from the strain gaugc changcs  
periodicallyasthcscrcwdrivcristwistcdbrswitching・Tn  

OrdcrIodcalwithvarioustypesofdigitalrclayswhich  
havcvaTiousdcsignsandsizes，thcmulIipIc－jointrobot  
WaSadopted・Thcspcc捕cationsofcachcomponcntinthc  
SWitchingsystcmareshowninTablcl・  
Tn the opcration ofthe system，the jmagc ofthc  

rclay boaTdis first obscrvcd with CCD Camcral・An  

CXampleimage obscTVCd with the camerais shownin  
Fig．3．ThcflowofswitchingprocessisshowninFig・4・In  
thistypcofdigitalrclay，threeRDSsareaTTangedinline  
at the center and an RDSin the upper right．Seven－  

SCgmCntLEDsindicateanumericalvaluc・lnthcimagc，  
illuminatingLEDsandthelcftedgcofthcrclayboaTd  
Can bc cxtTaCtCd by simpIc thTCSholding・Thc two－  

dimcnsionalcoordina†cs（xL，yl）ofthcrightLED－sright  

lowcrcdgeandthccountcrc］ockwiscinclinationanglcO  
OfthcrelayboaTdagahlStthcy－aXisaredctcTmhlCd・Thc  
rectangularcoordinatcsareasshownhlFig・1・Thctwo－  
dimcnsionalcoordinates（Xれ，yn）（n＝1，2，3，4）oflhccentcrs  

OfRDSsarccalculatcdasbllowsbyuslngtheobtained  
positionatdata，Whichare（xt，y．）andO，andtherelative  

POSitionalrelations（xr几，yr几）（n＝1，2，3，4），Or X and y  

COmPOnentSOfthcdistancebeIwecnthcLEDIsedgeand  
thc ccntcrs ofRDSs．   

x．＝XL＋X－れCOS∂－y－れSin∂  
（1）   

yれ＝yL＋X－【Sinβ＋y－爪COSβ  
（2）   

（n＝1，2，3，4）   

Rclativc distancc data arc storcdin advancein the  

COmPuter．The mcasurcmcnt accuracyis detcrmined by  
theresoIutionofCCDcameral．Thcpitchofthcinput  
imagcisO．23TTlrn．ThisvalucishlSufficientbrinserting  
thescrewdriverinIoagTOOVeOfanRDS・TheTCfbTe，thc  

fo11owlngPrOCeSSWaSadded・  

Fig・3ArclayboardirnageobscrvcdwithCCDcamcral・  

Anerapproximatctwo－dimcnsionalcoordinatcsof  
thcRDSshadbccndetcTmincd，thctipofthescrewdriver  

WaS tranSfbrTCd to thc uppcr position ofan RDS．¶le  

OPticalaxisofCCDcamcra2wasscIhlaPlancwhoscy  
Valucwasconstant．Aclosc－UP］nlageOfthcRDSwas  
obscrvcdwith CCD Camera2in ordcr to dctcrrnine the  

PrCCiscthrcc－dimcnsionalcoordinaIcsoftheRDS・The  
PrOCeSSedRDSimgeisreprescntcdinFig・5（a）・  

First，thcor］g］nalclosc－UPlrnagCWaSbinarizcdand  

CrOdcd．Asthcarcaoftherotary shaftinthcRDSwas  
largestinthcbinarylmage，alrnostonlythcimageofthc  
rotary shaft could remain aner crosion・Thc ccn†cr of  

gravityofthecrodcdimagc，OranaPPrO7｛imatcccntral  
POSition of thc rotary sha什，WaS Calculatcd and the  
OqCCtivcimagcarcawaslimitcdtoasrnallTCg］OnarOund  
thepositionasshowninFig・5（a）brsimplifyingfurthcr  

imagepT（）CCSSlng．  

Thcn，thclimitcd binaryimage was erodcd until  
Only theimagc ofthc rotary shah rcmaincd・An AND  
Operation bctwccn thc erodcdimage and thc onglnal  
imagcbroughtoutthccxtractcdrotaTyShaf（hlthcRDS  
asshownin Fig．5（b）．TT）e rOtary Sha魚imagccxtractcd  
above was divided into four parts by dilation and 
SCquCntialcrosionasshowninFig・5（c）・Thcccntcrsof  
thcseわurたIn－Shapcdimageswcrcca］cula†cdinthcscenc  

わーdctecting tw（－CCnterlincs（）r thc cross groove as   
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Fig．5∧1gorithm fordctcrminingRDSgroovcposition  
lnこIn】mage・  

Fig．4 FlowchartforswitchingRDS・  

Shownin Fjg．5（d）．Thctwo－djTTICnSionalcoordimtcsof  

thcccntcrofIhcgroovcinthcsccncwascalcutnIedfr（1m  

thcsc ccntcrlincs．  

Asthcncxtproccss，thctipofthcrobotamwith  

CCD camcra 2，Or thc hrItChcd partin Fig・2，WaS  

ClockwiscrotnIcdby90dcgTCCS・ThcpositionofIhccross  

groovcimT．gC Changcdin thc sccnc asshownin Fig・6・  
Thcn，thcsamc proccsslngbrdctcctingthcccntcrlincs  

OfgTOOVCSaSdcscribcdabovcwcrcrepeatedtodctcTmin  

thc two－dimcnsionalcoordinates of the gTOOVCin a  

diffcrcntsjghtinthcsccnc．Usingthcsetwo－dimcnsjonal  

COOrdinEIIcdata，thcthrcc－dimcnsiomlcooTdinatcsofthc  

CCntCrS Of thc gro（1、・CS WCrC C（）汀CCHv dctcrmincd h）・  

trian糾l；－tiけnaSh1lows・   

x＝X几－△x。  
（3）   

〉′＝）・几＋△）・。  
（4）  

（1，－△xccos¢）   
z＝Z，－   （5）  

whcrc △xc and△yc arc coTTeCIion valucs，¢is thc  

inclinntionanglcofCCDcamcra2agalnStthcz－aXis，and  

Z，isIhc hcight ofthc tip ofthc scrcwdrivcr andis an  

alrcady known valuc・Thc countcrcIockwisc TOtational  

anglcs f．and E2OfIwogroovcsagajnstthcy－aXiswcTC  
also dctcrmined as R）1Iows．  

Fig・6 Positionchangcofcrossgrooヽ’Cimngcina   
’  
一1  

（Crossgroovcbcforeandaftcrrotationare  
indicatcdbyhatchinganddots，rCSpeCtively．  
Position ofscrcwdrivcrin thc sccnc docs not  
Change．）  

ぎ2＝tan‾t  （7）  

12，CnS¢  

Thc two－dimcnsionalposition ofthc scrcwdriver  
WaS thcn corrcctcd with Eqs・（3）and（4）andits  
Oricntation was fittcd to onc of the two groovcs．Thc  
SCrCWdriverthenmovcddownwardtothcgroovewiththe  

nnglight turncd off．¶1C tip of thc scrcwdrivcr was  

lightcduplnarr．ngCOf2mm・Whcnthcsercwdrivcrwas  

inscrtcdinIoagroovc，thctiphccamcdark・Althoughthe  
movingdistanccofthcscrcwdri、・Cralongthcz－aXiswas  

ObtaincdfromthcsccondIcrmorEq・（5），WCCOUldalso  
Chcckwhethc†thcinscrtion wasfinishcdoT・nOtWith CCD  

CamCra2ands†op the hand．Ancr thc scrcwdrivcrwas  
insertcd，it was rotatcd and stopped at a ccrtain anglc  
uslngthcnumbcrofswitchingsdctcctcdwjththestrain  
gauge．Eachtime an RDSwasswitched，the numerical  
PatternOfRDSswasrcadwithCCDcameTal・  

3．Experimentat Resultsand DisぐuSSion   l l■．  
11，COS¢  

ぎ1＝tan‾  
（6）  
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Tablc2Frcqucncyofsuccessfulinscrtioninswitching  
CXPCrimcnts  

匹  

＋望＋   

P即CentageOf  
Switch  Success  Fa‖ure  

SUCCeSS（％）   

RDS2  160   0   100   

RDS4   20   10   67   

time，9s．  

ThcprcciscpositionsofRDSgroovcscanalsobe  
mcasurcdbyanothcrhands血CtUrC，WhcTCCCDcamcra  

2isa†tachcddownward・Withthishand，anCrthcpTCCisc  

POSitions ofRDS groovcs are mcasurcd，thc tip ofthc  
SCrCWdrivcristransfcrrcdtothepositionofanuppcrRDS  
grooveandinscrtcd・Calculationofthctwo－dimcnsional  

POSitions ofRDS gr00VeSis simpler than that by thc  
proposcdsystcm・Withthishand，howcver，thehcightsof  
RDSscannotbemcasuredandthissystcmisnotrobust  
againstthevcrtica1locationsofRDSs．AIso，itwouldbe  

morc dcsirablc toinscrt a scrcwdrivcr wjth vistJat  

托cdbacksoastomakeitpossibletoinse11itc、・enifthe  

allowance bcIwccn thc scrcwdri、・Cr and thc groovcis  

SmaTl・With thc proposcd sysIem，thc position of the  

SCrCWdrivcrwjllbcrcpcatcdlycorrcctablc byobscrvlng  
RDSsfromadiffcrcntanglcwithoncmorcCCDcarncra．  

Fig・7ExpcrlmCntalrcsultofproccsscdRDSiTT．agC：   
（a）exIractedimagcofroIarysh油fromRDS  
imagc，  

仲）わurねn－Shapcdimagesローrot叩・Shan  
SCPara†cdbytwogroovesandthcirccntcTS，and   

（c）caIcuhtedccntcrLincimagcs．  

To confim thc pcrformancc of this systcrn，  
SWitchingcxpcrimcntswcTCCarricdout・ThcCCDcamcra  

angtc¢wassctat48dcgrccs．  

ThcswitchingopcrationwasrepeatCdtcntiTTICSfor  
two ofburRDSs anda11the anglcsoftherotary shaft  
exccptthcanglcswhcrcthcRDSdidnotfunction，andit  
was chcckcd whcther thcinsertion succccdcd or not．An  

CXamPIcofsucccssfulproccsslngOfanRDSimageshown  
inFig・7．Thcfrequcncyofsuccessfulinsertionisshown  

inTablc．2．Thc bottom ofcross groovcofRDS4hada  

Whitc stahl・FoT this rcason，dividing thc TOlaTy Sha魚  

imageintoR）urfhn－Shaped partsねilcdwhenthccross  
gTOOVCintheimagcwasshapcdlikcthcIcttcr’’＋’一andits  

b（州Om WaSObseTVCd with thc CCDcamera．It rcquITCS  

thatfurthcrexpcTimcntsarccaTTicdoutforothcrrclaysin  
OrdcrtocxamincwhcthcTthcbottomjsstahlCdfrcqucntly  
Or nOt．   

lnthcsuccessfuloperaIion，thcoricntationanglesof  
thc ccntcr lines of groovcs wcre dctcrmincd with a 
Varhtion，OT erTOT，Ofl．5 dcgrecs，and the two－  

dhTtCnSionalcoordinatcs of the crosslng POlnt，with a  
Variation，Or errOr，lcss than O．1mm．Tt was also  

COnfirrncd that the RDSs on thc rclay board could be  
SWitchcdcvcnifthcdigitalrclaywasplaccdinarangeof  

±3mm from the two－dirnensionalposition and±30  

丘omlhcrotationalangIe．  
Thc entirc switching timc f（）r OnC RDS was  

approximatcly58s・Outofthistimc，thcpositionlngtimc，  
during approximEttC POSitions of RDSs wcrc mcasuTed  

withCCDcamcralandtherohothandwastransfcrTCdto  

the uppcT POSition ofan RDS，aCCOuntCd for18s．Thc  

inscrtiontime，duringthepositionofthcscrcwdrivcrwas  
COrTCCtCd，aCCOuntCd for31s．and the RDS switching  

4．Conclusions  

We havc proposcd a switching systcm for rotary  
DIP switchcs fbr automaticallylnSPCCting digitalrclay  
boards．The performancc was chcckcd andit was  
COnfirmcdthatthcscTCWdrivercouldbcccr（ainlyinscrted  
intothccrossgTOOVCOf（hcrotaryDTPswitch．  
TTljsmcthodhasthebllow］ngadvanIagcs：  
（1）rclayboaTdsofvarioussizcsanddcsignscanbe  

treatcdbyoncinspeCtionsystcm，and  
（2）thcconstmintonthescttingoftherclayboaTdis  
rclati、・ClylittIc．  

An automatic inspection of digital rclays may be 
realizcd whcn thc cntiTC nOW Ofinspcction bccomcs  
POSSiblcbythcswitchingsysIem．  
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