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ABSTRACT

Drillingholesinprintedcircuitboard(PCB)isusuallyrealizedbycomputernumericalcontrolled
machine (CNCM). In fact, affecting anoptimal shortest drillingholes route for theCNCMwill
improveitsprocessingtimeandinevitablyitsefficiency.Thispaperpresentsanewmetaheuristic
namedfar-to-near(FtN)inordertooptimizetheshortestdrillingholesrouteinPCB.Thegenerated
solutionwillbeusedasanexecutionplanforroboticarminCNCM.Severalnumericalapplications
illustratetheperformanceoftheproposedmetaheuristicFtNinordertogeneratetheshortestdrilling
routeandalsotofindtheoptimalcircuitwhenchangingthepositionoftheinitialstartingposition
oftheroboticarm.
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1. INTRODUCTION

DrillingholesinaPrintedCircuitBoard(PCB)isacombinatorialproblem.Thisprocessisusually
donethroughroboticarminComputerNumericalControlledMachine(CNCM)wherethisrobotic
armwillmovetoeachhole(thepositionofeachholeispresentedbyaspecificcoordinatexandy)
thendrillit.Minimizingthetotaldrillingdistancewillautomaticallyminimizethetotaltimespent
bytheroboticarmtomovebetweenallholeswhichwillagreeablyincreasetheproductivityofthe
CNCM.Thus,themainobjectiveforthisproblemistominimizethetotaldistanceofdrillingpath.

Severaloptimizationmethodsareexploited tominimize the totalmovementof toolpathfor
CNCmanufacturingmachine.TheSimulatedAnnealingmetaheuristic isdeveloped tominimize
the robotic holes drilling route in Daadoo et al. (2018). The Discrete Teaching Learning-Based
Optimizationmetaheuristic inparallelstructureinorder tooptimizethemouvementof toolpath
forholesdrillinginPCBisdesignedin(Rico-Garciaetal.,2020).TheIntelligentWaterDropsis
proposedinSrivastava(2015).TheAntColonyOptimizationmetaheuristicsisfocusedinSaealal
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etal.(2012),Abbasaetal(2011)andGhaiebi&Solimanpur(2007).TheVariableNeighborhood
SearchmetaheuristicwithMultipleAntColonyOptimizationmetaheuristicarecombinedinLianget
al.(2013)inordertoincreasethemanufacturingcapacityofthedrillingoperationinmultiobjective
environment(regardingmakespanandtotaltardinessobjectives)forTaiwanPCBindustries.The
GeneticAlgorithmisdevelopedviaMATLABsoftwareinPezer(2016).

Furthermore,primarypresentationofArtificialIntelligenceSystemapplicationinComputer
AidedProcessPlanningandmanufacturingisillustratedin(Kumar,2017).Thelocalsearchmethod
entitled Record-to-Record Travel metaheuristic which is derived from the Simulated Annealing
metaheuristicisemployedinKentliandAlkaya(2009).TheGeneticAlgorithmisdeignedtoreduce
thetimeofthetravelpathfortheCNCMinLaietal.(2019).TheHarmonySearchAalgorithmis
appliedandthenumericalresultsarethencomparedtoGeneticAlgorithminKimetal.(2019).A
hybridmethodisdesignedtominimizetheprocessingtimeforprintedcircuitboardinAncău(2009).
TheCuckooSearchmethodisfocusedtominimizethedrillingpathinLimetal.(2014).Also,a
combinationbetweentheCuckooSearchmethodandGeneticAlgorithminordertooptimizethe
holesdrillingisdevelopedinKanagarajetal.(2014)andLimetal.(2016).

Moreover, the Particle Swarm Optimization techniques is adapted in Adam et al. (2010),
OnwuboluandClerc(2004),Zhu(2006)andZhuandZhang(2008).Also,theTabuSearchmethod
isapplied inKolahanandLiang(1996).Additionally, theGeneticAlgorithmisproposed inLiu
andLiu(2010),Quedrietal. (2007),SiglandMayer(2005).KhodabakhshiandHosseini (2021)
presentedaliteraturerevueandremainingchallengesfordrillingtoolpathminimizationproblem.A
combinationoftheOpenArchitectureControltechnology(whichismaintainedbytheG-codedata
model)andtheAntColonyOptimizationmetaheuristicisdevelopedbyHatemetal.(2021)inorder
tominimizethetravelpathtime.

InthisstudythenovellocalsearchmetaheuristicFar-to-Near(FtN)isusedtominimizethetotal
drillingholesdistanceandalsotofindtheoptimalcircuitwhenchangingthepositionoftheinitial
startingpositionoftheroboticarm.Infact,FtNisrecentlyinventedtoperformtheintensificationstep
oftheiteratedDhouib-Matrix-3(DM3)metaheuristicinDhouib(2021a)andthemulti-startDhouib-
Matrix-4 (DM4)metaheuristic inDhouib (2022).FtN isbasedona threesimplestructures:1)an
organizedneighborselection2)threeperturbationtechniquesand3)athresholdingacceptingcriterion.

Actually,FtNisapartoftheDhouib-Matrix(DM)concept.DMproposesseveraloptimization
methodsforcombinatorialproblems.FortheTransportationProblem(TP)theDhouib-Matrix-TP1
(DM-TP1)heuristic isproposedandprovedprincipally to solveTPwithcrispvalues inDhouib
(2021b),fuzzyenvironmentinDhouib(2021c)andneutrosophicdomaininDhouib(2021d).For
theTravellingSalesmanProblem(TSP)theDhouib-Matrix-TSP1(DM-TSP1)isproposedprimary
inDhouib(2021e).DM-TSP1istestedonseveralfuzzyTSPinDhouib(2021f),Miledietal.(2021)
andDhouib&Dhouib(2021).Also,DM-TSP1isprovedforTSPunder intuitionisticdomain in
Dhouib(2021g).Moreover,DM-TSP1isproposedtoperformTSPinneutrosophicenvironmentin
Dhouib(2021h)andDhouib(2021i).

Infact,themaincontributioninthispaperisthenovelmannertominimizethedrillingpath
inPCBusingthenovelFtNmetaheuristic.Severalnumericalcasestudiesareusedtopresentthe
performanceofFtNwithgraphicalrepresentationofthegeneratedoptimalsolution.Moreover,the
resultsoftheFtNarecomparedtoresultofothermetaheuristicspresentedintheliterature.

Thispaperisstructuredasfollows.Nextsectionpresentstheproblemofholesdrillingroute
inprintedcircuitboard.Section3describestheproposedlocalsearchmetaheuristicFtN.Section4
illustratestheexperimentalresultsoftheFtNmetaheuristiconseveralcasestudiesfromtheliterature;
theresultsarecomparedtoParticleSwarmOptimization,AntsColonySystem,CuckooSearchand
HybridTaguchiGeneticAlgorithm.Finally,section5givestheconclusionandthefutureperspectives
fortheFtN.
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