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Apartitionlngalgorithmtoconfiguretheguidepathlayout  

払rautomatedguidedvehicle（AGV）systems  

LeeCIlulung  

Selectlng theright guide path configurationforan automated guided vehicle  

（AGV）systeminagivenfacility1ayoutis，indeed，animportantdesignproblem，Siムceit  

afftctstheperformanCeOfthesystem・ConventionalAGVguidepathsystemsusua11y  
employ unidirectionalguide paths and generalnetworklayouts・Since・theselayouts  
containintersections，Oftenexperiencecongestionanddeadlocks・Controllersthatresolve  

congestionanddeadlocksmustbeprovided・Thedifficultyofdevelopingsuchcontrollers  
increasessharplywiththenumberofdepartmentsandintersections．Oneapproachto  

soIvethisproblemistosimplifytheguidepathconfiguration・Inthispaper，thetandem  

loop with multiple vehicles（TLMV）systemis proposed as an e脆ctivelayout  
altemative．Resemblingthetandemloop system，theTLMVconngurationconsists of  

non－OVerlapplngloops and transfers between aq5acentloops occur at predetermined  

transfbrpolntS・TheTLMVsystemmaycontainmorethanoneAGVineachloop・Thus，  

un1ess aloop has only one AGV，a unidirectionalguide pathis usually employed・  

However，ifaloop contains only a fbw vehicles，a bidirectionalguide pathcanbe  

implemented uslng bu脆ring spaces・The TLMV system can evenly distribute the  
workloads amongAGVsbyasslgnlng an adequate numberofvehicles to eachloop・  
Comparlngノ1ttOtheslngleloopsystem，theTLMVconngurationemployssmallerloops  

that reduce traveldistances．In addition，SyStem eXPanSion orupgrade can be easily  

accomplishedbyincorporatlngadditionalloops・CompannglttOthetandemloopsystem，  

theTLMVconngurationcangreatlyreducethenumberofinterlooptransfbrsbyplaclng  
the departments withhigh between－department且owsin the sameloop・The TLMV  
SyStemisalsolesssensitivetovehiclefailurethanthetandemloopsystem・  
InsplteOftheadvantagesthatTLMVcanofftr，thecurrentliteratureprovidesno  

fbrmaldiscussionofthiscon重guration・WhentheTLMVsystemisemployed，froma  

designpolntOfview，themostimportantissueishowtodevelopapartitionlngalgorithm  

thatcandividedepartmentsintoloops・Asuccessfu1con舌gurationmustincurtheleast  
amountofmaterialhandlingfortheglVenflowrequlrement・Inordertoprovideagood  
TLMV con負guration，heuristic clusterlng algorithms have been proposed under two  

difftrent assumptlOnS regarding thelayout■When thelocations ofdepartments are  
interchangeable，thecandidatesitesarepartitionedtominimizethetraveldistance，and  

departmentsareasslgnedtohandletheflowrequlrementSwithminimalinterlooptravel・  
Whennolayoutchangeispermitted，SimilarityCoefncients†毎betweendepartmentsiand  

jthatconsiderthenumberofinterlooptransfbrs，aSWellasthetotaltraveldistance，are  

proposedasfo1lows，WheredりandちirePreSentStherectilineardistanceandthenow  

requlrement丘omdepartmentitodepartmentj，reSPeCtively：  

（1），  

（2）．   

Equation（2）stressesthenowvolumebetweenstations・Thesimilaritycoefhcientsノin  

Equations（1）and（2）shouldbeupdatedateachiterationoftheclusteringalgorithm，  

becauseasworkstationsmergetoformloops，distancesbetweenworkstationsasslgnedto  
difftrentloopsmayhavetoberevisedbyconsideringnewloopsasobstacles・  
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Inthisstudy，tOaVOidsmallisolatedloops，amutualneighborhoodvalue（MNV）is  

usedinselectlngtheclusterstomerge・TheMNVbetweentwostationsisdefinedbythe  
sumOfthenearestneighborranksofthepair・Forexample，ifstationpisthemthnearest  
neighborofstationqandstationqlSthent？nearestneighborofstationp，theMNV  
betweenstationspandqis（m十n）・TheclusteringprocedureusingMNVissummarized  
as払1lows：  

Stepl・For eachpair ofstationsiandj，i≠j，COmpute Similaritycoemcient†毎by  

Equation（1）or（2）and arrange the first k stations，Where k de坑nes the  
neighborhoodwidthofinterest，indescendingorderof†毎・  

Step2・FormanintegermatrixMIWithmrows，Wheremisthenumberofstations，and   

（k＋1）colum？S・InneighborhoodmatrixMl，thenrstentryinrowi，fbralli，  

indicatesstatlOni，Whichisthestationunderconsideration；thesecondentryln  

each．rowis the station that hasthe greatest similaritycoefncient value with  

StationI；thethirdentryindicatesthesecondnearestneighborandsoon，untilthe   

（k＋l）thentryindicatesthekthnearestneighbor．  
Step3．SetupanintegermatrixM2Withmrowsandkcolurrms，Wherethe丘rst  ・m
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eachrowisthestationunderconsideration，andanentrylntheithrow  
COlumn，Wherej≠1，istheMNVbetweenstationsatpositions（i，1）and（i，  

Ml・Iftwo stationsarenotmutualneighborsforaglVenneighborwidth，  

MNVisanarbitrarylargenumberthat shouldbegreaterthan2k．  

Step4・Beginwithmclusters（groups），eaChconsistingofexactlyonestation．Consider  

thehighestMNV，Whichis2・CollectallstationpairshavinganMNVof2．Such  

pairsarethenarrangedindescendingorderoftheirsimi1aritycoefncients．Outof  

allthestationshavinghmV＝2，Selectthepairwhosesimilaritycoemcientisthe  

largest・MergethetwostationsofthispalrtOformonegroupandreducethetotal  
numberofgroupsbyone．  

Step5・Proceedbymerglngthepairthatcomesnextinthehierarchy・Whena11thepalrS  
havingMNV＝2areexhausted，COnSiderthepairshavingMNV＝3，andproceed  

merglngaSbefore・Eachsuccessfu1mergereducesthetotalnumberofgroupsby  
One・Foraneighborhoodwidthofk，thehighestMNVtoconsideris2k．  

Oncedepartmentsarepartitionedintoloops，aPermutationofthosedepartments  

thatminimizesthetotalmaterialhandlingtlmeShouldbedetermined．Wedeteminethe  

SequenCe Simplybyarranglngdepartmentsinadescendingorderofoutnowfromthe  

department・InordertodeterminethelocationsoftransftrpolntS，theshortestinterloop  

travelpathsbetweendepartmentsarenrstobtained，andamongthemthetransftrpolntS  

thatminimizethetotaltransftrtime，Whichisthesumofweightedtransftrtimes，Willbe  

Selected・Inorderto determine the direction ofmovementineachloop and optlmal  
Partitionlnglevel，thegeneratedTLMVlayoutshouldbeevaluatedbyestimatlngthetotal  

materialhandlingtime・Ananalyticmodelthatcomputesthe totalestimatedmaterial  
handlingtlmeisprovidedaswell．  

The proposed TLMV conngurationis especia11y usefu1fbr alarge scale  

manufacturlngenVironmentsinceitcaneasilyaccommOdateexpansionorupgradeby  

addingadditiona1loopswhileitisstilllesssensitivetovehiclefailurethanthetandem  

loopconnguration・Inaddition，byaccommodatingarelativelysmallnumberofvehicles  

ineachloop，theTLMVcon負gurationhasthepotentialtoemploybidirectionalguide  

pathswithftwdimcultiesincontrol・SimulationresultscompanngtheTLMVsystem  
Withothercon坑gurationshaveshownthattheTLMVconngurationisanefftctivelayout  
alternative．  
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