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ABSTRACT

Targetreachingisoneofthemostimportantareasinrobotics,objectinteraction,manipulationand
graspingtasksrequirereachingspecifictargets.Theauthorsavoidthecomplexityofcalculatingthe
inversekinematicsanddoingmotionplanning,andinsteaduseacombinationofmotorprimitives.
Abio-inspiredarchitectureperformstargetreachingwitharobotarmwithoutplanning.Aspiking
neural network represents motions in a hierarchy of motor primitives, and different correction
primitivesarecombinedusinganerrorsignal.Inthisarticletwoexperimentsusingasimulationof
arobotarmarepresented,onetoextensivelycovertheworkingspacebygoingtodifferentpoints
andreturningto thestartpoint, theother to testextremetargetsandrandompoints insequence.
Roboticsapplications—liketargetreaching—canprovidebenchmarkingtasksandrealisticscenarios
forvalidationofneurosciencemodels,andalsotakeadvantageofthecapabilitiesofspikingneural
networksandthepropertiesofneuromorphichardwaretorunthemodels.
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INTRoDUCTIoN

Targetreachingisoneofthemostimportantproblemsinrobotics,objectinteraction,manipulation
andgraspingtasksrequirereachingaspecifictarget(Latombe,2012).Humanswilllearnmotions
andrememberthemforexecutionindifferentsituations.Abroadlyacceptedconceptinneuroscience
isthattheCNS(CentralNervousSystem)usessensory-motorprimitivesasbuildingblocksforthe
executionandplanningofmotions(d’Avella&Lacquaniti,2013;Johansson&Cole,1992).The
combinationofsimpleprimitivesrepresentingmusclesynergiescreatesmorecomplexandadvanced
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motions(Bizzi,Cheung,d’Avella,Saltiel,&Tresch,2008;d’Avella&Lacquaniti,2013;Thoroughman
&Shadmehr,2000).Therehavebeen recentdevelopments in roboticsusing theseprinciples for
dynamicmotionprimitives(Ijspeert,Nakanishi,Hoffmann,Pastor,&Schaal,2013;Schaal,2006),
forareactiveframeworkofreflexes(Kröger,2011).

Nevertheless,roboticsstillreliesonclassicalwell-provenmethodstosolvemostoftheproblems.
Inclassicalroboticstheproblemofreachingatargetissolvedbycalculatingtheinversekinematics

(IK)foratargetpoint,thenvalidatingtheconfiguration,andfinallyplanningthetrajectory.Thesesteps
arecomputationallyexpensive.Acompleteoverviewofplanningmethodsispresentedin(Latombe,
2012),andadetailedanalysisofdifferentmethodsforsolvingtheIKispresentedin(Buss,2004).

Spikingneuralnetworks(SNN)focusonreplicating thewayrealneuronsworkandattempt
to replicate their biological characteristics (Maass, 1997). SNN are capable of spike-based
communication,enablingresearchonbrainfunctioning,learningandplasticitymechanisms(Gamez,
2010).FormoredetailsonSNNsee(Gruening&Bohte,2014;Maass,1997;Vreeken,2003).

BuildingonpreviousworkwithSNNusingmotorprimitivesforgrasping(Tiecketal.,2017;
Tieck,Steffen,Kaiser,Reichard,etal.,2018;Tieck,Steffen,Kaiser,Arne,&Dillmann,2018;Tieck,
Weber,Stewart,Roennau,&Dillmann,2018), theauthorsproposeabio-inspiredarchitecture to
performtarget reachingwitha robotarmwithoutplanning.Aspikingneuralnetworkrepresents
motionsinahierarchyofmotorprimitives.Differentcorrectionprimitivesarecombinedusingan
errorsignaltocontrolarobotarminaclosed-loopscenario---illustratedinFigure1.

This approach is motivated by consideration of how human beings estimate positions and
distances.Humanscaneasilydeterminewhichobjectisinfrontoforbehind,orontheleftorright
ofanotherone,andwhichoftwoanglesiswider(Pfeifer&Bongard,2006).Themotoricoftheeyes
andheadprovideallthisinformationveryfast.Studieshaveshownthatthehumanbrainusesthe
feedbackinformationfromvisionandfromproprioceptiontoexecutereachingmovements(Filimon,
Nelson,Huang,&Sereno,2009;Saunders&Knill,2003).Acouplingbetweenthesetwosystems
suggestthatthereareotherimportantcomponentsinvolvedinthegenerationofmotion.

Themethodspresentedinthisarticlewerefirstpresentedin(Tieck,Steffen,Kaiser,Reichard,et
al.,2018).TheapproachisimplementedwithSNN.Theauthorsavoidthecomplexityofcalculating
theIKandmotionplanning,andinsteadtheauthorsuseacombinationofmotorprimitives.

Inthisworkexperimentsusingasimulationofarobotarmarepresentedtocovertheworking
spacereturningtostart,andexperimentstotestextremetargetsandrandompointsinsequence.

ThemethodfortargetreachingisdescriedintheApproachsection.Thesectionisdividedinto:
themotionrepresentationwithmotorprimitivesandspikingneurons;thetargetrepresentationas
adiscreteerrorsignal;andtheclosed-looparchitecture toconnect themotorprimitiveswith the
discreteerrorsignaltocontroltherobotarm.IntheResultssection,themethodisevaluated,and
implementationdetailsareprovided.Thesectionisdividedinto:theimplementationdetailsoftheSNN
andthepipeline;experimentstocovertheworkingspacereturningtostart;andexperimentstotest
extremetargetsandrandompointsinsequence.Finally,intheConclusionsectionanoverviewofthe
maincontributions,adiscussionoftheresults,thelimitationsandfuture/currentworkarepresented.

APPRoACH

Targetreachingisacommontaskinrobotics,importantformanipulationandgraspingapplications.
Theproblemdefinitionisthatgivenaninitialstateoftherobotarm,movethetoolcenterpoint

(TCP)toaspecifictargetpointinspaceasillustratedinFigure1.Inclassicalroboticstheproblemis
solvedbycalculatingtheinversekinematics(IK)forthetargetpoint,thenvalidatingtheconfiguration,
andfinallyplanningthetrajectory.Thisapproachperformstargetreachingwitharobotarmwithout
calculatingtheinversekinematicsandwithoutplanning(Buss,2004;Latombe,2012).Thiswork
proposesabio-inspiredarchitectureforaspikingneuralnetwork(SNN)thatrepresentsmotionsin
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