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A且STRACT  

nispaperdes亡ritx：Sthc亡OntrOl・・f且fleYib］仁arJn mh）lusinggじJlじtie且l苫Orithm（GA）．   

GA simulatcsthegeneratpmce∬‘一flhcnaturalBYOlntj｛）nSand G＾ hasbeen apT］1ied to   

ma11y Ofanalyscsofthemixed maLh亡ma也cdproblems且nLllhc ctlglneenLlgPrOblems・It   
isYerydifficullt（｝納Lve Lhc jr］Ver舐kinematic”f thft flcxible m TObot・Wetryto   

叩Plyth巳GA Lechl－iquc山aLlalydJlgtheinverAC kir］Cmatjcsofthe鮎xible aEm rObo（S．   

Thc鮎xiblじarn OftherobotjsdiYidedint（”ma）lpartsand therobottxcomesamany   
dcgfeeSOffre巳dom rob｛｝L／mcpro門S巳d methd j”PPlicd t｛lthegreatmanydegfeeS－nf  

frecdom rotx］tS and the effectiveness ofthe mcthqdissh〔IWn．   

1．mODUmON   

M且ny n比iblearm robotsareus巳d aLld willbeusedir”PaCedevelopment．atomicpl｝WじrPlant  

and stlR｝rth・ThcarⅢ and grlPPCrOfthesuch roboII71uStbcpositioned atthcfixellposlt）OJl  
accurately・Itisvcry difficultto anal岬亡thcinYeI苫e kinematicsoflh亡ⅢexibJc aJlllrObot  

i11Orderto匹Sltion the rotx｝tarm forlhc planrled wllTkings・  

T厄geneticaLgoritlm（GA）workshve亡m亡ー苫Cd asr）rOmisingsoJutionstoILheprobJcmsofeェ”  

Plo［alion and叩timi＝ation・Tnc GA approacheshaYCallowedI10ttJnly soLving LX，mPli亡at巳dlinERr  

PfOblcmsbuta）so soIving non－1ineartroublesomc problems・M且J）yOft［1e W一｝rksuslngGA  
techniquc have t光en donein且fcw years・GA jsa sear亡h al旦Orjlhm baseLl口n the mechanjcsof  

T］atllralgenetjcsalld natllral占e）ectioJIS・GA ha貝hccn deYelopcd byJltloLhnd andith貼tXeTl  

treatcd by experlen亡e且nd bY trial且・1d crmrlTheprimarywork ofGAispeTformedin three  
routinesofseJcct．cros細Ver，and Tnuhtion．rTlle COmbination【げthesc thTeC rOutjnc＄isused  

hranalyxinglhL；PrUb］t＝InSaSa gerLCralrule．  

Wetryto apf）1y GA technjque Lolhc psltlOnlngPrOblcm Dfthc ne虹blea，m mtX）t．rnLC arTn  

Ofthcmtx｝tisdiYidedintomanysmaJ）partsand thcrotdbecomcsamulti－Jegrees・nffreedom  
TutX）t・We reT）1aG亡theinvefSe klnem且11c；Orthe fIexibIe arm robotwith theiTIVerSe kiJleTnati腿  

Ofthc artiL：uhtcd robot・Thercplaccd aTtiじuhted robothasm且ny dcgrcesoffreedoTn，rTl］e  

rrJrXIthasextrao（di皿ary degEeCSOffreedumin geLleFa］．  

rnlispapcrdesGrjbcsthe controIDf且flc五bleam robotusiL）g旦enetica］gorithm・The f］exi  

hlc amisdivided jEltO manySmaIlaLmS・E且Ch ufthc artnsjsformed Dfan且Ctl］aLorarLd aJOlnL  
and they areconnected sllCCeSSivcly－Wc叩P］y the GA techniqu已tO th亡ControIof仙亡旺Suq記山  

SiYe Smallamsand we can昌Ctlhc s（7luflillnOftheinversc khemalicsofthc fkxiblc arn．  

ForexamT）1eofthe flexiblearm positionILlg，We Show the亡OJltOIuflw亡n（ydegrccsoffreedoJn  

robolaJld shDW the亡ffecliY仁nt＝SSOfth亡PrOPO呂ed method・rTheproTnSed metll（Nl亡且n hcapplied to  

SOIYingtheva血uskindsofftexjble aEm rOboLand mor亡OVertO SOIvinEthepfOblemsnflh亡  
且6Ⅹjble stmctures．  

2＿INVERSE 鼠mEMATICS（】F ROBOT   

ユ■1（jA ∝山ing  

MappJngfrom thepTObleTtlaticspaceofso王vjngprublcm Lu GA strin苫OfEeneisc且山ed且G＾  
CD血】芭■Figurelsho鵬N d曙reeSnffreedom artictlIated rotx｝t・FigtlrC2showstJletXXJingof  
theabover血t・Eachangleofthcjointis中iatldeacJ”ngleisexpressed且S m bjLs．   



Acq）rdingt（Itht：atX”C menLioned oodingmethod，NJegr亡亡SOffre仁山m rotx）tis巳XPrCeSed by（N  

X m）bits．Eachir］diYidu且1ofGAisbr7nCd of（N X m）bjtsst血g．  

Fig．1N 血許e亡SOf丘e亡dom r（血1t  

ヰl  中Nl  中N  ヰ2  

tnLalhils二 N X m（bi可  

Fi旦■ユ GA C血i喝qfar山＝uhlcd rohl1   

2・2Mclho（1けfsoIving thc kincmaticsofr【）bot  

W亡trY t（｝餌1YClhc rotxJlmL）血n・Thc optlmllm SOL11tion of the kincmatjcs ofthe robotis  

砧uTld且TnOng thc candidatesofthe solutiollS，rnle OPtJmulTISO］utiorListhe so］uljon that血aXmi比  

OEminimize a performaLICCfuJ］Ction orthe ev且Ju且1ion fun仁tion・Tl一仁IX＝rhIll］aEl比EuT）L＝血n tJrthe  

evalu且tiL）一】full亡tiollisusedin GAlechnjquc・TtLCy are uSed for evaluati11glheadapt且billtY  

llrCat：h5i（JlutioIIS・rn亡uPtlmum StJluti｛）n hcKPl｛IT亡d among the w〔I［king solutiL）nSaSthc foLlou  

Wln旦aPPm且Ch and thc fIowI）fthe GA operatjonissh（）Wnin Figureユ．  

lst叩SOfcalucutatjonい  

（stcpl）＝Th亡ZerOthi皿djYidua】sare血rtned atrandorn・TllisisLhcinitjalgr・IuP and thcini  

LialgmuI＝邑COnSisted ofSilltlividuals・Th巳numtXrOfSischosen byexpnencc．  

（sL叩2）：The且daplabiu（y of ea亡h jntJiYidualsis ca）cuhtcd using the perff）TnanCe functi【lJl  

and they arelisted jn tnEOrderofeach peTform正nCe V且JueA  

（step3）：SomeiJldjYidualsa∫e呂el仁仁ted and rem且in．Othcrs aLee）imin且ted．Tnle PrObabili（y  

Ofthe selectioniscalculatcdinordcrofthe adapt且biljty List．  

（stcp4）：Twoindjvidualsar亡SClじCted accordinEtO the selection probability・The operation  

Ofcro弘OVeriscaTried otLt・Thc sele亡tedindi、弛u且kare T）且rentSand thc new childr  

ren且rC borubythe crDSSOYerOfthc pa∫en（S・  

（slep5〕：The叩CratiDn Ofnut且tion kcarTicd o11t10SUmejndiYidualsofsL）me generation．   



（step6）：O Piccesoftheindividualsare List巳d jn tJle（｝rdeH・Flhc ad叩也hilily，rnleinfc－  

riorindividualslO％  ofthe酢tleratiun且re tak亡n Uffand EleWindjvid11alsare taken  

h・The newindjYiduaIsaJ・ePr｛山uced atrandom■Thc opcTation oF r叩）acingthc old  

andinferiorindjvidualsby the newindividuals・T油川T）CTatiunisth亡 artificia］  

SeJe仁一ionlhatwasf）rOpO虻d by ourlastst11dy．  

（SteP7）：lfone oftheindjYidllaJsfilfi11slhe end conditiDn．the calt；ulationisended．1f  

n〔IL，lhe abve stepsfrom thesl叩2to［T）C SteP6arerepcaled．  

The step6jsthc artificialselectjon and jtisa ac也v且tioIl．  

Fig・ヨ now ofGA op亡ration   

3．INVERSE KmATICS OF TWENTTl｝EGR且ES OF FREEDOM：ROJ10T   

3・1C草ding〔Iflhe rob〔ゝt  

Wc try tu・SCta旦CnC uPIo the－OtX｝ttht hasmanyjoints・In thisstudycightbjtsofthe  
genc aEe TnatChed wjth each joints・Each ejghlbjtsoE Lhe gcneischoscl］atrandDm atthe  
＝CrOth gen巳ntiorlOf G＾・Fi印rC4showsthe coLiing L）fLhe eilCh j（11nl占・Ufthc robot．Thc n巳W  

gene ofthenerlgenerali（一nisdetemirIed bythcchange from the angl亡Of the currentgcnera  
n両jisexprcsscdbythcnhng”ftheangJebetwe巳n中jmdthecu汀亡nt  

去且  

中j＝中i・changGOfangle（中j⊥中i）  
（l）   



Curr巳nt旦en亡：口1101110  

mextg亡nC ：1川11【Ml  

Fi苫．4 印‘1ing ofjrポntan旦k（呂bits酢n亡）   

3．2Dcl亡fTninatjon ofYaTjousparameters  

Th亡VariousparameteTSthatarc uscdin GA opcratioLlare dcIcrTnined且Shlluws：  

（l）GrowLh ofinithlgrour・；tWCTltγindividualsiLre grOWn aDd th巳irgeLleSare determin巳d at  

random・Each genesisexF）［亡SSed asbinary eighLbjts・  

（2）CaluclIlatiJlgthe ad叩tahilityoE e且l：hiJldiYiduals；nCXt Cquationis th亡 PerforJn且nC亡  

function a爪difthjsv且）ueissTnalle，．the adaptabilityoftheindividualbct＝umじ占higheE．  

ad叫且biIity＝（Ⅹ Ⅹ袈）  
（2）  

ⅩistheじurrenLp－1SitionofrobolhandandX＊isthetaLgetpOSlt■一1nnfrotx）lh且ndT  
（ユ）Cro如Ⅴ亡T；nnCI血tGr【拓S㌣eT 

． 

ist＝hangcd t【）bi10orirL a reV仁r6C Order・  

（5）EndⅢnLJitil｝n；irLhe rt）bothJld r亡at＝hesto the t且rgetPOSjtiofl，Lhenじalcuta血nisend  

andifn（］t，thou＄andtllgenCrationisend condiLion of亡aluc111atioll．   

ヨ・3Rc6ultsofe寛Ⅰ℃r■m亡nt  

Twcllty dcgrecs〔If frccd（】n rOtX）taVOiLIssome obst且CIcs and reachesto th亡target．Figure  

Showsthe t：XeCutiYe SCrCCr）S｛｝f the experimcnt，Th亡mh】lam 舶rts f∫Om theleftcornerof  

the曳Crtlt！nilnd heginsto avoid the obalacJes・The和botarTn TnOYeS aboul且1loYCrthe scI■een  

且nd 且irnsatreachiLlg（o thc destination・n］C tarBetjsl（一L：且tCd atthel］PPerrightct｝rtleEOf  

th亡凱汀比m Theob細aclesarc a汀anged且t－andom．  

A］lthelriesofexpenmenta）e叩loraLjon do notsuc比e（Iand som巳trialsfaiI．SoJnetimesLhc  

robotarm can TeaCh tolhc t且rEet and can m（ltreaCh to thc objcctiYe jn some cascs・Figur巳6  
Showsthe且Ⅴ且ー且ge gCn亡r且tiullSOfthe su∝eSSfultrials・Thc value YerSuSea亡Iln11mtX＝m Ofthe  

Obst乱亡1esmean占the且mragenf5n†dals．Fmm 600to7仰generaLioTIS therobotarm gctsto  

lhe targじtand the robotgnpTN：TC弧訂ip且Part t汀Can tranSfera part f［Om th巳StaJtF）inL  

n the邑Oalpqint・FiguEC7showBthe sllCCeSSftl】ratio ofthe trials・rnC mOrethe（）b且taClじS  

irlCrCaSC，the worsc th巳ratio of the s11CCCSSfultTial＄is．Th亡Yallleis thc averaLge uf‾lfX）  

trials，ln the case ofthe4O obstacles．the sutxessfu1ratjo t光COmeSIICart巳n PerCeJlt・  

Asabovc mentioncd exper．mCntitisea叩10gCtthe solutit｝n forlhcinYeTSekinem且tic＝｝fan  

且rtjculatcd robot．Itisvery dif鮎ultto getana）yti1311y the solutjDn Ofthc roIx）tthath3S  

Ⅲt一社frcedom．We旦eHhcsolution casily usIngGA operationr rIlle Obtajned soluljonisE）Ot  

the optimum solu血n alwayshutjtisa pfa亡1血Isolution・Wc can get a sD）ution f（｝rrn【Ition  

nr且日比ible且rm 一口h止   
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4．ANA⊥YSIS OF ■FLEXJBLE ＾AM  

We call亡【汀1trt）lthc flexible am r（Jb（ItStlS）ng thc ahYC mCnti（．r）CLlm巳tho止The flexible armis  
deYidedinlo ma）ly Sma11cl亡mCJltSand thc fLexible arm robotisrepJaced wilhlhe articulated  

rotⅦtthathasN 血即eeStJfff亡Cdom（Figure臥Then w亡亡an Cりn［rolthe robotusingGAlech  
工uqtJC・rtistreated by trialand亡frOfthathow maJly CIcm仁ntSthc nexib）亡且rmisdevid巳d                                                                                                                                                                      一■   
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FiE．官 Rcph比TT）L：nLufnt；Xib）L：辻Em rOhtwith articulated robtIt   

5－CONCLIJさ；tON   

rnleC州trOlrnethodoaafk且ihLearm robot singgerlCticaLgor仙n（GA）waPrOPOSed－lnthe  
斤円thaLfofthjspaperth亡mCt・ho‘1Rlranalyz＝1Jlgthei皿VerSC戚皿emilticsofaElartl亡11hl亡d  
robotwa占 reSent巳d・Lnlhc］asthalfpartthc prop（1Sed method wastried to appIy the flexibJe  
aTm rObot・The flexibtc止EITIWaSdiYid仁dinto smallpartaJld t血じLt）ヒ巾tl一亡Ca皿E the multi－de旦［eeS  

Offreedom r（Jbot・W仁tricd tuこIPPly the method tu a exlraordizlary（lcyee名Offreedom fObot且nd  
COnCJ・CtC】y wc soIYed thei11VCrSe kjncmaticsoftwenty dcgr亡CSOf丘・仁亡dom roboL  

lfthisrrl亡Lhmtisexterlded mor缶nVerandi£imrrmvc亡IfuTth亡r t・h亡rlrllPO兄L：（lm亡tho｛lL：1LTl  

app】icd r”tOrlly to a fk＝Xit）Le arm［ubt）tbula］sn to a flexible struClure・  
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