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1．Introduction   

Ata五rs七glarlCeitlooksvcryd端c111ttowork  
With multif）1e rot）C）tS．W巳Canlmild oIl巳rObot  

tha七i5亡apableofdoingevで汀Ⅴ七bingl川titbiglllユ√ J  

depends upon the nature ofLhetask，Herewe  

aJrgue thatfollowlngare呂Omeren．SDnS Whvtwo し／  

robots（ormore）canbebcLt巳rthaIlOne‥   

・taSkdistribution：SoinCPartOfthctaskis  
allocat亡さd toeacb roboも   

●P甲allelisIn＝ MaIlyTObo七s callperhrrrltllC  

task at七血e same tifne   

●SiI－1plicity：ILis easy to construcIJarObot  

WithpartiaLcapabilityaSCOmf）aredLoasiIl一  
昌1ecomprebensiveroboL   

●faulttDlerance‥TaskcanbecoInPletcdevc上1  

anymemberis11nabletopcrformthetask・・  
Tbesearetb亡Tea銅nSJWhywり｝refermultiple  
robotsystem・Thebigproblemwithmultirobot  
SyStemi呂110W theirmotioIIS Can beharmoni耳ed  

andIIDWPrOperCOOrdinationateachstageofthe  

taskamongthemcanbereali宜ed・Thi5degreeof  
d瓶cult）rdepcT上dshe．avilyuponthetaskandthe  

COrTullunicaもionandstrategicschosentosolvethe  
PrOblem－Thusinthisstudydifferents亡・rategies  

forrealizingcooperationandcoordinationamong  

multiplerobotsandaffcctsofdi庁erentinforma＿  
tionoversystemperformancewillbediscussed．  

1，1Taskhrthisresearch  

Intelligent」恥botContest6）islleld…rユー・押し1－  

jnSen〔1ai｝Japan．Di圧er仁山．kh〔lofobjecl二Slik巳  

emptycD鮎ecan昌王SOapandt一Ⅲl■1isballsal、eSCa」t－  

terediTlthe6eld，Thcsc allobjectsÅrc nf〔1if－  

ferentshape，Si別ユandc口lors・The taskis丘rst  

to呂earChthesenb．直吋COllcctaTld玉nailyduJnt）  

比eユTHotlleirrespectivew孔Steba占ketsa鮎ridel■ト  

ti丘catioIl．No do11bt七his task carlb巳aCCOln－  

Plish巳d with aslngle ro］〕Ot aS Well↓ M抑10b－  

jectivetohtro〔1uし：e theTPultirobotsystmis  

toinvestigateandevaluat占diffcren七strategiesllO  

achicvetheco口Tdinationamongl・heTTlultiroboLs  

byexchanglngdi鮎renti皿formationamongt・henl・   

WheIlrnultiTmbotsusc呂OmeSharedresources  
like呂ameWOrkareaorsamegoalareathenthere  
isneedofcoordinationandcooperaLion witho11t  

WllichcompletioIlOftaskishighlylrllPOSSibleand  
SyStJem Ca皿COm仁aCrOSS呂机ne COllision．Intelli－  

genb Robot Comtest f）一肌ides some h止efeSもhg，  
COrIlmOnandpopulartopICSOfcoope工■ationinthe  

鮎1dofmultiplerobot勒唱tem・Theseare  

・Cooperatic｝n amOng the robo七S Whenl｝h  

呂haretimeand aTeatO aVOid collisions   

●SeqⅥenCCaCtiollCOOperatlonwh巳nmOreth乱n  

OnerObotpeTforlllSOI11etaSk  
・CoordinatlonofroboLsiTlもhecommonsweep  

area  
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COOrdinationan（1cooperationwllenrObotssllmで  
COmmOnarCaS．T士1eSeinfornLat・ioI】汀1a」Vbcl．iTrl巳） J  

POSition，Velocity，gOa10r StatIe Ofar［）t－Dt e虹  

ForthecommonsharingareaproblenlS，鮎st・Df  

allitistriedthatonlyoneroho［・Sholllduse＝le  

rcsource．In case morc tllan One r〔心ot use the  

resouI・CC theremusLhesomespeci丘cpattern＋，［）  

肌Oi（1anyco工1且i止   

Herebelowd主ffere王1tSOllltiDnSWillbel〕工・CSented  

in twoBtageS，The Arst solutioIluSeS Onll′ⅢL  

Plicitcommunicatioll．SccoIldsolutionreli即On  

r組1七ime seIISOrinformation bllt also uscE，SOm巳  

exp］icitcommurlicationincertaillCaSeS・   

A坤1yzlng these straItegies wc（二（）nCludc tL．at  

there are tⅥrO Lype呂OflllforlTla七山1・’1「hese al■巳  

Staticanddynamicinforrnation・Somes旭t主cin－  

formaもion（1ike goarlinformat・血1）an〔1dynarI］iL  

irlformation（1ikedistanceiIlforェrlationl〕y開nSOr〕  

alw町SimproⅥ＝′11CSyStemユ〕erfnrT｝1師CCinalla・S－  

PeCtSShowlrlgatightr巳1a，ti〔mWitllt・hccorrlmOll  

Sharingarea．＾tthesametirTleもhヒrei5agrO叫川f  

SLaLicinformationlikevelocll．5；Which上1aVeloo舗  

r巳1ationship with mⅢⅢ－On Sharing ar帆・T■his  

kind ofinformatjo11i11trOdtlCe SOme bad cffect5  

（c．g．fauユttoIcrancepointofvicw）alorlgWithjm－  

prov巳dperfDrmaIl甘  

1．4 Robot systelTI   

RobotsysteT‡1tObeuse〔1i昌仙叩ri聞dポ仙・O  

robot＝1amed乱6Lェ・anSpOrterrOboL（1tOl〕両us巳d  

七otransportobjectfrom oIl仁Placetoanot・her）・  

1－1ardwarear仁†］itectureofth＝甲血1■nissh冊rni11  

Fig・2，   

1r］七11is work w巳Wish to stu（1y cooperation and  

COOrdinationrequlr巳d by therobotswhenmore  
thaTIOnerObotssllareSOmeCOmmOnareaOrPer－  

formthetaskwllichrcquirestimesharing■KccpL  
iTlgtbisp工・OIJlenlillViewwel〕∫eSentdi触・巳山s七柑te－  

gleSbaBedondi圧■erentiTlformation・ThesestratlC－  

glCSwi111ead towards an e月icienL and collision  

freerobot system．Herebclow common areato  
beusedbytworobotsisshowninFig－1・There   

⊂］．．亡二］ □  
Fi措．1rIlaskforthe七ransporterrob（）tS   

arenumber ofwaystosolveth巳prOt）1em．Her巳  

bcl□W abriefsurveyofrelatedliもeraturcinco－  

OPeration and coordinationofm117tirobots and  

theworkswhicharedjrccLlyrelated†，Othista呂k  

isglVen．  

1．2 Related works   

Needsofcommunicationinmllltiqagentssys－  

temaredis。。SSedbyBaIchandArki。2〕，AllCX－  
ampleofcooperatiDnOfm111ti－agentSisdescribcd  

byBal。hetal＿1）．ondistrib。tedmanipulation  
－1SiT．gdiHercnLinFormationDona］〔1etalユ）havc  
showユ1th巳Cfrect，iven巳SSOfiTlformationinva．riantFi．  

A considerableamountofresearchhasbeencon－  

ductcdin the contest of coordinatingmultiple  

a11tOmaticguidedvehiclesusingroadorpathnet－  

WOrksinthecontextofmaTlufacturingenvirorト  

ments4），JiangcLal，5）hasdiscuss巳dtheprob－  
1em ofcoordinati（〕rlOfmultir（〕bot．sinthe工Ilan－  

ufact・urlngindustryforpartsassemblvuslngOff  
lineplannlng．   

1．3 且esearchTarge七s   

Reviewlngal1theworksrelatedtothistaskwe  

SeethatthereisnoprofoundresearchttはtprO－  
Videsacomprehensive呂0111tionbydi呂CuSSln苫CO－  

OPerationandcoordi皿ationofmultirobotsalong  
WitbananalysisofeffecLsofdi鮎re皿七information  

OVer止epeThrmanceof廿把ⅠIl111tirobo仁system  
intlleCDmmOnSharingaTeaprOblem・   

Di鯉■巳rentmethodsbaBedondi庁erentinforma－  

tion can呂01vethe prDblem but eachllaS SOme  
merits anddemerits・Herebasicthinkingis to  
anaIYZe th巳巳ffects ofdiffercntinformation over  

吊邑．2 Hardwarearcl両ectureofthel’OboヒSユ胤eIfl  

Assumpti（川1SOfrobot呂yStenl  

l〕Therobotsareautonontolisone   

2〕rrberobo七SuSeCOInm－1nlCation払rinforma－  
tiori exchange 

3）Both robcLtS Start the task almost at t】1e  
Sametime＿   

4）Both robots use distance scnsors for real  
timeinformat．ion．  

Fig・3pTeSentSaViewofre乱1robotsysLemi甘2  
robots3go兄h．  
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LlorLOWPrhrily  H†orH］GHPric・rhy  

Fig．4 S七rat巳gyA1  

2・2 StrategyAコ  

IIIStr且tegyA2there js atrick to util血t・hc  

SyStemreSOurceSinabcttcrway・HighprユOritJ・，  

robottran呂mitstwoinformation・Oneis呂Lartlng  

time（油outllrirJ（・iLy）aT・1dsecondis脚aliIlfoT・11■1ilu  

tion・GoaliTlforrTlationfrolTlhighprlOrityrobot・  

enablcsthelovrrpr10rJtyrObottol〕erfol・mthcl朋l｛  

insonleare孔「Ⅳhic】lisllOt11Jl〔1ert・Jl亡＝1日eOfhlgll  

PrlOri吋robot・  

・Sal11CaSStrategyAl  

・Additionofgoalinformation  

・In呂n上11C仁王1SeSdi汀ereIILg〔〕alscanbeappro乱C土1e〔l  

bytworobotsatatime  

・Lowpriorityrobotwi11waitwherleitherboth  
robotswanttousethe占amegOaloralla・1■eaI   

isuIl（1erth巳uSeOfhighpriorityrObot  

Fig・3 ＾viewofthepracticalrobotsysteln  

l、5 R£POrtOrgaIli筈ation   

Firstofa］L a6tTategyuSlngCXI）licitcolnmu－  
nication〔strategyA）inthreestepswillbegiven  
insection2，Section3discussestheperfofmanCe  

帥alua七ion of stTa矩訂A．Strategy B wbi亡11iB  

ba朗donrealtimesens〔汀inforIlla七血1isprescnted  

insectlon4・N巳ⅩtS巳Ction（sectio工15〕1sreserv即1  

forevaluationofstrategyIjlikesection3．Com．n  

Parjson betweenstratcgy A alld Bis preseIltCd  

in sectioI16whereasin sccl・ioT17stlmmal・y alld  

futureworkhas bcclldescribed．  
2・Strategy A＝ An expli｛＝it coITlm”1i亡a－  

tion based strategy   

IIIStrategrArobotsrelyone叩】icjtcomLrlu－  
nicatiorlfor coordina七ioIliIICOmmOn area tO bc  

SharcdAInstrategy A robots transmitstarting  

timc，gOa］andvelocitYinformatjoninthreesteps．  

Sut｝StratCgicsofstratpegyAarcrijscussedintlle  

rollowlngparagraphs▲  

2．1 StrategyAl   

lnstraL喝yAltask呂tartlngtimei11fo上・Imtion  

istransmittedbytllChighpriorityrobot．Only  

lligllp血Ⅰ・ity rul〕Ot CanperhrIrlth巳taSl亡in tlle  

COmmOnlysharedarea・Robotgetshighl＿〕riority  
口王11y ejther therci呂Ⅰ】O OtherrobotiIlthecom－  

IIlOnlysharc〔1area・OrWheIlOtIlerrObo亡1軸ishes  

the tastこin theco工11Il1011乱丁亡胤   

Thchighlightsofthisstrategyare  

・Taskstartingtimeinformationbasedstrat－  

egJr   
●Ifnorobotisus】IlganygOalIhighpriority  

tolirst robo仁  

．LowprlOTityrobotwillwaitduringthistime   

・Highpriorityrobotdelcgatcsitspriorityto  
OtherrobotaftercompletionoftheLask  

InstrategyAIon］ysinglebitinformationis  

usedr HighpriorityrobotshowninFig・4asH．  

Priorityreleasefromhigllpriorityrobotenables  

thelowpriorityrobotLinFigr4toperforrnthe  
ta5k・Tbi呂E旧1u七iondoesno七山l丘11止epurpose  
Ofusingmultirobotsystemaswehaveo工11yone  
robotworkingatatime．  

［＝コ  ⊂コ  ⊂＝］  
Fig・5 StTate訂A2   

WherlgOalofhigh prior主tyrob口tis goa12，l〔）W   

PrユOrityrobotis free Logu togoall・Areafor  
llighprlOrityroboLismarkedasellipscill石島・5・   

Thusincrease ofinformation正omslnglebiL10   
3bits（66％more）providessomechancestolollT   

Prioritymbottouseth巳COmmOnarea．   

2．3 StrategyA3  

SもrategyA3isdi打ereIltfromAlandA2・As  
Iuwpriorityrobotcanalsoperformthetaskbe－   

fore high priority robot．But for this purl〕05e   

t，here呂hould be some otherinformat，ion which   

Canhelplowpriorityrobottoestimatetlle血1巳   
Ofhighpriority robot toperfDrm the task an〔l  

itsoⅦnlagglngtime・Thiscanbeachievedfrom  
iTelocityinformation・Thehighlightsofstrateg）r   

A3a．r巳．   

・S乱Inea占StrategyA2  

3－   



・Additionofvelocityinformation  

AddjngvelocityinformatiorltOthe且tra七egyA2  
makespossibleforthcsystemtosharethegoal  

landgoa13atatime．Thestrategycanbeun－  

derstoodbyconsideringthefollowlngCaSeaSaIl  

example・ThehighpriorityrobDtgOt七h…bject   

G stands†□「卯al  

Fig．7 Tim巳indicat血diagram  

・StrategyA2   
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亡拍山  

⊂コ ［：コ E］  
yig・6 SもrategyA3  

forgoallandaccordingtoA3transmittedstart－  

1ngtime，gOalandv巳1ocltyinforr11ationtonther  

robot－lnthem巳anもimelowpriorityrobotalsu  
gottheobjectforthesamegoal・LowprlOl叫・  
robot from theinfoTmationit already haswi11  

estimatewhetheritispossiblcforittoⅢmPlef・C  
thelJaSkbeforehighpriorityrob口Lreachesthere  
a＄ShowninFig－6，Jfnotpossibletoperformtl・le  

task，i七willestimatewhengoalwi11bercleased  

and且nallyperhrmtheta・Skatthattime．  

3・PerfbrmaneeevaluationofstrategyA   
Timetaken byrequiredbythetworol〕OtStO  

dumptwoobjectssim111taneouslyandfaulttol－  

erancewi11bediscussed Lo eval11atCtheperfor－  

maIICeOr如aもegyA  

3．1 Time calculation   

r〕iffcren七assuHlptionsfortimecalcl＿11ationare：  

1）Both robots start thc Lask almosもat the  

Sametime＿   

2〕TherobotsalwayslIlOVeforward／backward  

Withthesamcvelocity  
3〕Dumpingl二ime（td〕foreachrobotissame1  

4）Thetimerequircdby巳aChrobotfrompo症  
tionsA，BorCtogoall，20r3respectively   

isincludedin壬d．  
TnstrategyAltimeLakenbytworobotsissumof  

the孔Verag巳timctakeIlbyhighpriorityrobotfor  
a113goaIsandaveragetimetakenbylowpriority  

robotfor3goal呂r ForstrategyA2andA3time  
takenbyrobotsiscalculatedforal1possible2  

robots3goalscombitlation呂i．e．9ca5eSandthen  

averageiscalculated．Di茸erenttimevariablesare  

ShowninFigr7・Theresultsarea占follow呂．   

●StrategyAl  
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…∴  TⅥTO COnditions2t2＞亡d arl亡12tコ＜まd SPeCifies  

certaincasesrelatcdtowaitingtimeofl口WPrト  

Orityrol〕Otr This〔1cpendsupoTlthcscIc仁tioT川f  
⊥d・  

Intherealrobotsystemaveragetimetal｛enl〕y  

tworobotstodumptwoobjectscant）eCalcttiated  
byllSln昌followingval11eSOfdi鮎renttimes・   

吉1＝10，±コ＝1早 

＿ 

・Stl・a［e甜A2己抽J＝122．9sec〔80・呂％ofAl〕  

・SLH止e訂A3ら抽＝1剛てscc（6呂・9％ofAl〕  

3．2 About fault tnler∂．Tl仁e   

Anotherf）arameterthatcaTlaifectt・11eSyStem  

t）CrformanceisthefaulttulerarlCe．Di翫rcntpos－  

Siblcfault占inthesITStenlmayOCCurbuthereDllly  

乱typlCalcasei且W上1eIla噌OTleOftfユetlVOl’Obots  

die呂Ⅵrlユ1bepresent巳d．   

●StratcgyAl二Aspcrstrategyonlyhighpri－  

OrityrobotcanperformthetaskinthecomL   
monarea・Ifhighpriorityrobotdiesduring   

Performlngthetask，itwi11neverbeableto   
releasetheprlOrityandlowprlOrityrobot  
w主11remaininwaiLlngStater Butwhenlow   
Priorityrobotdieshighpriorityrobotcon－  
tillueStO perform the task．1n this regard  

StratCgyAli呂arObustoneaswedolltSee  
anysortofcollisiorlir上thecorIun□皿area－   

●Strategy A2＝ Caseis samelike AIwhen   

lowpr10rity robot dies．In case high prl，   

Orityrobotdies血ringtaskperformance，・in  

昌OmeCaSeSitleavessomeareafollWhichlow  
Priorityrobotma．y亡Ontinue．ThusaddiLion  

OfgoaliIlformationimprovesfal］1ttolerance  
Capability・  

】－4h   



・StrategyA3＝hstra叫打A3robotscstiTnate  
to 丘Ild the area free、rr上1is creates sぐ汀Ile  

risksofcollisionsinthecommonarcn．Tt】tlS  

WeCOnCludcthatitisalwaysl10tt・ruetIlat   
incrcase〔JfinformationalwaysimprovctllC  
pcrfclrmanCe＿ No dout叫iIIA3timetak仁n  
bytllerObol」Sisreduceduptニロ67％butoll  

the otIler hand we have some risks ofcolli－  

SlOnS．  
4・StratcgyIユ：Sensorin王brmation based   

Strat・Ogy A relies toLally on explicit，COrrlTnu－  

Ilication・IllSLrategyBtherobotsareequil）l〕e〔1  

Wit・hdistancesen昌Or呂Whichcall（1etecttheplて悸－  

ell〔二C Ofany robot o工■Obstacle at a certailldis－  

tance・Usi工唱tllisi11furmationl・Cquired coordi－  

nationcanbe achievediIlthe common冒haring  
art■1LL・For thisJ）urPUSe tOtalarcatu be呂11al・C〔1  

・NoⅢ叩1icitcommunicatioll   

・Iiig‡1Ⅰ〕rioritvtorig壬1trnt）雨   

・LowprioriLytoleftmbot   

・Forthecom工nOngOala・rea  

l）Low priorityrobot mainLai王1S thc〔lis－  

tance dlin casc robots come faccll，O  

facc．  

2〕HighpriorityroboL wjllstop at a dis－  

t・anCed2，〔d2＜dl〕ifitdetcctslowl両－  

Or和rol〕OtatSnnlegOa・1a・rea・  

一丁igllandlowp止け叫i5a亡t土1etinlell7Ile【川正昭拍  

meet甲ChoLllCr・ftoboL亡0IIliIlgfr（）m TiglltSi（1r｝  

OfFig■9willbeo‖1ighpT・i〔｝r巾r〔H）Ⅵ・11erea・＝】1（・モ  

robotfr自nl］eft盲idewiユ1l〕el口WPTjority（L）roboth  

鮎1℃WhenlowprlOr巾rrob〔－t・SeeStユ1eIli机pri肝一  

主叶lrOb口t∫iL仇・illI・eV七rbeits甜ull行目l，〔ニ【1上上1日h－t加  

commoIlrOa．d area whereil．（：a7・1（：：rl＿l閏tllC Ol二11r71・  

1■t‾）buttoprocccrlfll一・therwithollt亡1isL11rl〕iT唱high  

PrlOr両r robot・Hercf）rlOrityis onlv to111f”［t即  

七hecrnsslIlg，  

4.2 St;rategy B2 

］】tis very扇mi1ar tu strat巳gy fjl．Twりhih  

goali上1hrTnationisadde（itostrat・egyBl．Hjgil  
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