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AbBtraCt   

lnthi呈paPer†amethodforestimatin苫longdis－  

t乱m亡en肝ig鵬ionofamobile川b叫by軋1Sin苫dead  

r血山Ⅰ唱鋸Idtbelandmarkdetection詑n紬rWhi血  

用nSiBtOf細nar弧din丘虻d，i写prOpO紀d．Acort  

ridorwithinterYal亡OnVeXedgesisapplieda＄the  

mobilerobot，8mOYl喝SPaCe72Lndtheconvexedge＄  

areacceptedaL8gOOdlandmark畠fbrrobot，spo弓ition  

闇tlmatiotl・Therob8tdetectstheconvexedgesusL  

mg亡Ombin血g占帥印ー町5te叫弧dn甜d酔teSinthi邑  

Cl）rridorbyuBmgtheinLormationfrQmthecom－  

bh山g野en80r．Theexpe血en七山re珊1thas血own  

thatthemethodi畠e鮎亡tiYehre5timatingqflong  

distancenaYigationofthemobi］qrobot．  

f  

1．Introduction  

Alotoftheworkinthe且eldofmobilerobo七navi－   

gationhaBbeenconductedsohI・Onlyinlaboratory  

e血onI耶nt邑1）．Th亡叩5ti。。i写h。Wthesesys七ems  

wi1lsealeupwhenfacedwithmore亡OmplexenviT  

rDnment等COVeringlm苫e，distan。e2）．s。memethT  

Odsfornavigatingintllis亡aBehavebeenproposed，  

皿e。fthem』亡亜ed当肌山1hll。Wi。gh3）．凱ta5・  

S11mlnganenVironment，SudlaBabi苫hall，Where  

thereisnowallto払1lowbutonlypillarBWhichhave  

ashapeofconvexed昌e．therobothaBt心regard  

these印ⅠⅣeXモdgesasl社ndma止5払ritsnavigatlng・  

Inthispaper，amObilembotwithacoTnbining  

SenSOrSyStem（sonarandinfr乱陀d）isuヨedinareal  
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environ爪ent，Whi血王5CalId斗longdi如弧亡enaVlga－  

tion”．W占areintere5tedinthelongdi5tanCen且Y－  

igationofanautonomousmobiIerobot，SuChaBa  

COrTidorinthebui）diJlg．Inthecorridorenviron－  

ment，aCOnYeXedgei8a叩e｛ial亡ypeoflBLndmark  

thatcadlbereliablyobserYedby亡Ombining写enSOr  

mea且ur亡ment8・More併er，the亡qnVeXed酢≦a陀Sta－  

ble，ZLndnaturalenvironmentfeaturessothatthey  

are11Sefu1landmarksforrobotnavigation．   

ThispaperisdiYidedintothTeepart＄：thefirst  

Parti∃al”utaWayDfdetectingconvexed即Su旦－  

1ngCOmbining8enSOrSy＄temmOuntedon且mObile  

robotbody；the已e亡Ondp訂tdes亡再be5amethod鮎r  

robotnavigatiT］gLnCOrridorbyfusionofdeadred（－  

Onlng and亡OnVeX edgedete仁tion＄enSOr；the）ast  

i写disclほSioT10neXPerimenta）resu帖ofnavi酔tion  

Withamobi）erobot．  

Of2・与4亡m througharangeofl古．24m to647．7  

Cm・ThiBi阜aCCOmplishedbymea5unngthetlmeof  

且ightbetweenatransmittedpulseaLndareturned  

edlOandmultiplyingbythespeedofsound，the  

SOnar Sen別】r has alargebeamwidth，a SPe亡ular  

re且ection＄OnSmOOth5urfices，andisinauenced  

by temperatureandh皿Iidity，it亡anbe u5ed to  

measurethedi呂tanCefh］ma・COnVeXed占elbutthe  

ObtainedresulthaBPOOr且nguLarresolutio几dueto  

it＄feat。reab。Ve4）．Themainf由turcs。fs。Ilar  

SemSOrare   

恥ingrate＝0．004光C  

minimumdistance＝6．Oinches   

皿a元mumdistan亡e＝255．Oin仁h闇  

h山一cone＝12．与deg  

亡血i亡山＝60．ロdeg   

ThesQtlaruSedherehasatypi亡alabsolute且CCu・  

racyoflper亡entOVertheentirerange．  

2・ModelingtheSensors  

Generally8Peakhg，therobotcarlalwqTSdeter・  

mineitsctJrrentPOSitionBLndorientationbydead  

r血0山鳩・However】iti占血po5S蹴etonavigate  

lmgdistancebecal摘etheerror5Dfpositionbydead  

retkoning且reaC亡umulatinggradua）1y・Therehre，  

tonavi且ateforalongdistance，therobotmustbe  

abletomodi＆itscwne＄tima七edpDSitionbyex－  

temal聞nSOr白・Two type台Of粥nSOrB，∃OnaLraLnd  

inEfaredareu＄uallyusedtoobtainexternalinfDr－  

mationfbrmobilerobot．Inordertodeterminethe  

be如w町tOh昏ehhmation加m亡Ombiningsen－  

SOrSIWeneedadaracterizationl］fthestrength5  

andwe血髄紀草Ofea血oth亡ー．  

コ．ユ In正ared砧at11reS  

hcDntra叫infraredsensoremit5aPlusofnear－  

inh＋iu・edlightandthenuse占aParabolicdi5handa  

near－infr町eddete亡tOrtOSCn畠e且nyretl皿edellerEy，  

OVera VerymarrOWBLr巳且・Unlike sonar．thetin1e  

Offlightoflightplu畠CannOtbeeasiJymeasured．  

Thesen且OrmerelyindicateswhetheranYreturned  

plus waB detected．So theinfrared祀n与Oris not  

abletnmeasuredistzmceaccurately，buthassood  

aLn卯IarresolutionindetectingthcfeatureI”intof  

COnVeXed＄e・ThcmeaBurCmentDfinfr訂ed畠en50r  

i5in鮎e耶edby50mefact椚ISu血朋geOme七ryI  

Iighting，COlorandsurface7）．Therefore，thedmi  

OfmeaBurement亡an nOt be used as th亡distaLnCe   

information．Themainfeatur朋Ofin丘aredsenBOr   

are  

亡山ibr且tion＝020．．．308ユ2（I  

2．1 So皿ar鮎atures  

htl血写tudy†thesoJlarrfLngefu1deriscapab）eof  

mea8uringdistancetoanobjectwitharesolution  
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dependemcy＝O   

h血ー亡On℡；＝10・Ode馬   

山亡id亡nt＝0．05   

Theenvironmen七inwhiehtheroboti5VOrkingi5  

WhitepaintedwaLl．Thein什aredrespectf由turei写  

ShoⅥla占Fig．1．  

仁annDtbeenobtaineddirectly．However，therobot  

iBeXpe亡tedtobelo⊂atedonthecircumferenceofa  

亡ir亡1ewhldlha占radius r and alo仁ati（】n⊂enterO．   

Theniftherobotlslocationonthecircumferenceis   

触ed，theorientationoftherobotbecomelunlque．   

HereaB aLneXaJnPle，therobotispositionedin  

htontofaconvexedgeandrotatedwithanaJlg）e，  

there叩OnSedata血omtwosensorsaresllOWnin  

Fig．3，ItisfbundthattheinhrmationofconYeX  

edgeczulbegotfromthesonarhrdistan亡eand  

加mtheinfrared砧rthedirection，reSPeCtiYely・  1亡IO亡h  

D由柵  

Fig．1．TheresponBedataftomthedi鮎rent  

envlrOnm亡nt  

2▲ユ Conv母Ⅹedg朗reCOgnition   

Iti畠import訂1七how aconvex edge亡an be de・  

tectedbycombiJlin苫SO皿訂．Let，sdenotef由七ureof  

COnVeXedgeaBthePOE（PcikOfEdge）．Accord－  

ingtothe缶atureOfTimeofFlight sy畠tem，the  

POEcanbedetectedhther弧gOfAOB（seethe  

Fig・2）・  

1■   ⊃8  】凸   ▲○  ！○   ■】  r0  10  10  
躊：汀▲¶l帽′鵬¢l■  

IO   劇   ■I  ▲○   帥   ずl TO H   如  
托Jr▲T叫州qL丘  

Fig・3．Sensor’sre叩OnSedata丘・OmaCOnVeXedge  

Then，itcomesthathowthesensor与diBtinguish  

thecol）VeXedgefromtheothersobjects．Thcex，  

Perimentha占beendonetoprove thatsonarcan  

nottellap且rt孔nedge加m且pOle．Ⅵ鴫個い拍epole  

（withaJldiameter5cm）andedgeare＄etinsame  

place，ther巳叩On5edata加mLhe細nara∬e606imi－  

larthatiti畠difRculttote11them（seeFig，4）・quite  

thecontrary，theinfrared畠enSOrCaneaSiIydistin－  

guishthembydilrtrentresponsedata（旦eeFig■5）・  

Fig・2．FuBingofsonarandinhreddetectingrBLng   

Consequently7iftherobotisnotⅦ・ithinthisrange．  

thereaJconYeXedgebecomeveryhardtoloca七e．h  

tbi与range，thou由therobotcangetthedi写tanCe  

inLbrmationf王omPOE toitself，iti畠dimcult to  

det打minerobot†spositionevenifthelo亡ation（】f  

POEisapriorlm0Ⅵ1number・Therobot7畠PO＄ition  

－3－   



taldlamCteristi亡S，themezulVa）ueofdirectiondata  

iヨrC6ardeda8Validdirection・  

3．The Estimation of Tr？jec－  

tory  

AsshowninFig．6，themobilerobotisa占Sumed  

tomoYeatalltimeonthehorizontalX，Y－P血Ie，  

theground－Plane．Therobot，5pOSitionzuldoreta－  

tionarespe亡ifi亡bythecoordinates（E，y，町where  

＝，y aretheworld－framecoordinates・Dftherobot  

body’scenヒer，andOistherobot’sorientationreh－  

tivetotheworldX－aXis．Therobot－亡entered丘・訂Ile   

X’0’Y’isde丘nedtohaveit50nglnOntheground  

plancdire亡tly11ndertherobot亡eIlter，withtheXI・  

axispointingtothe丘ontofthemhot，Yl一且Xi＄tO  

theright．risthedistancefromrobottothePOE  

Oft＝DnVeXモd苫eand亡・i台theanglebe七wt：enr乱nd  

ズノーa恵乱  

Atthestartingpoint，therobot’写locationinthe  

WOrldframeisdefinedtobe二亡＝0，y＝0，9＝0，  

andtheworldfr且meCOin（：ide5Wit，htherobDtftaLme．  

Fi苫．4Son且ー，与reSPOn8edata  

14   わ   廿   一   関   ■l TO t0  10  
町■▲T℃■ld■■  

Fig．5血む町ed’8reSpOnSedata  

2．4 Combiningdatafrom＄OnZLrSand  

in杜ared  

Byu血gbothsen紬指，therobo亡isabletoesti－  

mateit叩08itionmoreaccuratelybyit＄elF）．com－  

p町ingtwore甲On馳dataof＄en紬ー与ShowninFig．ユ，  

theinh祉ed’昌OnehaBagOOdanplarresolutionand  

5tablemhimum，SOin缶・ared’sdire亡tionis白e）e亡ted  

a占the仁OmbinedsensorIsdirection．  

A畠eriesofexperimentshavebeenpeI血rmedin  

Orderto丘皿dawaytocompen＄a，tethere亡0辞11Zln苫  

metlmdbzL＄edonthecorhbiningsensors．Firstly，  

theminimu皿凸f紺narmea＄urCmCntisregardeda占  

thedistancefromrobottoPOEaccordingtothe  

鈷atureofTimeofFlight system．Secondly，the  

di∫eCtioninvhidltheinfraredsensorget5themin－  

lmumiBreEaLrdedasthedire亡tionofthePOE．In－  

f弧t，thedataofdire⊂tioni5nOttlnlquebecau畠eOf  

祀nSOr’sbeamwidth．Con畠iderin＄theexperimen－  

Fig・6．Con丘gurationofconvexedgeandrobot  

丑．1Sy畠temmOdeling  

The systemis modeledas adiscretetime阜y昏－  

tem，the positionむ1d orientation of the mDbile  

robotattimestepkisdenotedbythest且teVeCtOr；  

Ⅹ囲＝【坤）y（た）叫）1Tcomprisi皿gaC山㌣  

sianlocationandaorientationde丘nedwithrespect  
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theerror5indeadreckoninglnCreaSea占   

A主匝＋1）＝Jl（た）A克（た）＋J2囲止血（里十W（妬（4）   

Where，  
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訂（た＋l  

y（鳥十1】  

叫庵＋1）  

Jl（た）＝卦主㈲叫）），  

J泄）＝叙真鶴叫叫・  

Bythe亡OnCePtOftheerrorenip旨Oid8），WeCanknow  

abo山de許綬Oftheestimationac⊂uraCy・  

Th■●■ヒ1m亡i8d亡rdj亡亡七Ory by地色d出d reckoni咽  

Thモr。b。t・＄State坤）弧苫亡川ithtimei。r㌣  

5POnSetO且COntrO）iJIPutu（た）弧danoi6edi＄tur－  

bance可k）．The5tatetranShtionequ且tioncaLnbe  

brie且y印pr鴨Sdhgener山  

Ⅹ匝＋1〕＝町中）u（叫＋w（可，〔2）   

Where，X（k）isthe如teofthesy5temattime畠teP  

た，u（た）＝tV（k）α（k）］T，repreSentSeXtemalinput  

tothesys七em，here．α（k）andt）（k）arethe＄teering  

adlgleBLndthevelodtyofthcdrivingwheel．w（k）is  

aLnadditiveEerOrmeamprOCeSBnOi占eandisde丘ned  

bythecovむ由皿亡em且揖Ⅹq（叶risthest誠etran－  

SitionTnatriⅩ，Whidlrelatesthestateattlmestep  

七toth亡StePk＋1，andinclude台畠uChparameters  

aBdrivingfun亡tiQTtu（k）・  

℡hモ●11ip占e Of亡htヨ亡古土1ma亡ion err亡・r  

Fig.7. Estimation error using the dcad reckoning 

Figure．7showsthesimulatedtraje亡七OryOfrobot  

ande5timatedonebythedeadreckonin苫anderror  

ellipsoid onXY plane．Theresultshow＄thee5－  

timationuncertaintYOfthedeadreckoning＄yStem  

in亡rea畠eS8但rOboもmoves．Sothatitisimpo忌日枯1e  

hrarobottonaNigateforlongdistanceifitonly  

reliesonadeadreckoningsystem．  

● 3．ヨ Estimationerrorl旭1ngtbedead  

reckoning  

ForEq，（2），there are errorsin estimating the  

statel）ftherobotat eadh timestep．TheerTOrB  

arisefromthe血：tthatthedeadrechningm  

首u工七men由h）mthewheelsareiTnperft亡tandwh由Is  

61ippa酢・Let尭拝）i写thee与七imated血ueDfx匝），  

A童（k）istheerrorsofi阿，ti（た）i旦themeaBured  

Ya）ueofu（k）．aLndA叫k）iBtheerrorsofthen（k）・  

Th巳n  

X〔鳥十1）＝＝ r［史匝）＋△克匝）丘阿＋A叫鳥）】＋w（叫  

3．3 Estimation uslngSOnar9en邑DrS  

望 f［主（た）叫た＝＋Jl匝）血生掴   

＋J2（可A血（可＋w匝）  

＝ 克（鳥十1）＋A史匝＋1）．  

【Ⅹ0．Y8l  

聞  

Fig．畠．TheorientationofrobotandX一且Xisare  

叶erlap  

－5－   



Amethodwithwhidlt，herobot’卓pO8itione純一  

Enatedfromdeadreckoni一喝i8fbund．Theposition  

e＄timatedcBLnbecorrectedby themea占urement写  

ma加bycombi山ngsen紺ー．   

Fi指tly，Let’s亡On＄idertheca且ethttheroboti＄  

movinginXdir恍tion（紀eFig・8），the［Onibining  

8enSOrpidkoutaLnedgehfromtofit，therelation一  

曲ipbetw恍ntheedge鋸Idroboti5，   Fig．10．SimuIationondi鮎rentorientatio  

‡ ． 

（5）  

inwbi血，凸n勤＝4古degリ凸nβ1＝29．脚de占・   

Thesepar且meter5donotclmngewiththeozi一  

亡ntationlIfrobot．   

SecondIy．letl自COn卓idertherobotmoYe5Straightly  

atdi鮎r印tOrientatiorlWhidli畠5howninFig9・   
よl   ■I    ■l    桝l  
▼腑亡†lDHロ亡Vl▲T岬IP．一山叫  

Fig．11．Orientationa工1destimatiBn（or七≧0）   

Then，u畠Ingthecompensationequation  

訂＝た1♯ヱ＋毎  
（7〕  

inwhidl，   

Orf≧0，克1＝165．713，た2＝－4ユ．旦051   

ロ「亡≦0，たl＝19乱7亜，たヱ＝ユ464．72   

Thccompen写atedresult亡anbcgottenaccurately  

（showninFig・1牲  

Fig．9・Therobotmovm琶withanむ1gLe   

TheG印metri亡relationBhipi畠由vedas  

‡  

d＝d2血（椚蛮）－dl或n（醐凱）  

－2dldtcos（踊馳一即Ⅶ1）（6）  b＝   

卯亡＝甜亡Cロ侶（d／叶  

Bytheseequationsiti写亡OnVenienttoestimatethe  

P朋itionofrol］OtCurrentpOint（ifthecoordinate5  

0rdgei5hdWnbeforeh組d）．   

Asindationwa占beeA血neaBSt10WninFig．10．  

TherobotmovesalongdirectIineslndi庁erentori－  

enta七iontoobt山1theda・tafbrEq（7）・theresulti日  

Shown且畠Fig．11．whi血i8markedwith♯・  

■■  ■■  OJ M  ■■  ■l■  ○■  0．1●  
蝕什■J・T■：■l■■】  

Fig．12．CompensationliJle（ort≧0）and（ort≦0）  

－6－   



3．4 E8timationtlfungin打aredsensor＄                                                   ■   

」中  一  ・■l  －1q u  
〃18LEt叫  

Fig■15・COmPenSationo一皿gle  

Now，fusingtwo＄enSOrSe5timationinfDZnation．  

We亡an get thenew comperlSa七ionline aB Slmwn  

inFig，15，Itismoresuitableandaccl⊥ratefora  

mobilerobottonavugationinlo一喝distance．   

Notice tllat王tiぎCOnVCnieIlt tO uSe this met，tLOd   

払rre亡OgnI21nga亡OnVeXedgeinareal・time5yStem．  

Fig．13・Theedge｝BOricntation且ndsensor，s  

dire亡tion  

心血mhFig・1いhモdge’5鈷aturepoi山（アロ且）  

W出光七omthechcumfむen亡eOfa．亡ir亡Ie，Wl止dlha8  

r且diu写T．The5EnSOrbe且m亡entCrlineaislocated   

且tanamglect．出IdthcconYeXedge，60rientationbaLt  

azlaJlglePLHere，Piskeptat4与degリtherelation－  

ShipC（凸－β）isdhBLngedwith凸．WhenPOEdlange＄  

p舶itionevery5de9．，thedevia七ionofdirectiotltV  

in丘∬由m亡a占Uば℃menti告諭owedinFi冨．14．  

Iti蕗Clモarthatthereareb主gdi鮎rencesbetween  

therealpoBitionandthemea菖urementle5PeCialIy  

intJlemea占11rementOfdirection．Sothatamethod   

Ofcompen姐tinganglemeasurementisnec田＄ary．  

AnBLngledevi且tionbetweenmeaLSurement且ndreal  

po或tioni8畠hoⅥlinFig．14．  

4． NavigationExperiment  

4．1 The Mobile robot  

The robot u3edin this studyis a⊂Ommerdd  

Ⅳomad200mobile robot．TheⅣomad200i写   

Wheeled亡ylindricalrobotwith a五erOrturTungra－  

diusandhasthreeindependentmo紬rs．Thefirst  

motormovesthethreewhccIsoftherobottogetherL  

The5eCOnd oneste打S Lbewhee18七Oge七her．The  

third motor rot．ates the t．urTet Oft，he robot．The  

robotha占16in丘・aredsen50rS（rangeuptogl・44  

m）弧d16sonar5en50rS（rangeuptolO．6m）that  

pmvideinstancetDtheneare£tOb5taCle5therobot  

CanPerCeive，且nd20tactilesensorsthatdetectcol－  

）ision阜．TheinffaredandsonaLrareeVenlyplaced  

aroundthcperimeteroftheturretandtheta・：tile  

号enSO柑⊂耶打dltbeperimeteroftherobotbelow  

theturret．FiJlally，therobotha畠adeadreckoning  

SyStemthatkeep5traCkoftherobotlspositionand  

orientation．  

二・■○  ・・1●  ・・暮  一叫   ●   lO   ■I l〉   ■I  
仙▲l■■  

Fig．14．hfraredrespoIISeOndire亡tion  

A8lmpleequationwaBhundto亡OmpenSat七the  

CDVariance．Thisrdationshil）isde紀ribedas  

y＝16・02細－0．078217由一ロー00486723ヱ2・（8）  

l  
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4．2 Pro（：edure  

Theexperlmenti8PerformedinacorridorrⅣith  

SOmecOnVモXdge畠，Whi血祉eahngtotheco汀i－  

dorwithstlitableintervals占meter8（BeeFig．13）．  

WhenLherot”tmOVeヨ，itcanknowthemoment  

fordet亡亡tingtheconYeXedge，theplaceiscaJled  

9en9ing2：凸ne専WhoB亡lo亡ations aJ・eknowrLin a．d・  

Ⅴ乱n印朋且mapil止汀m且tion．Ttle rObot mov朗  

alongthepl弧nedpatllaC印rdingtoth亡deadreck－  

Dningfrom＄tarttO且SenSingzone（forexampleA  

＄enSing加ne），itrotate8the≦enBOrSanaLngletoget  

th亡inhm8tionorβen占0帽a占itmoves．   

ThenaYigatiorl亡OurSeisdividedintohllowln＄ l  

如ep昌：  

1）Thepl弧ningpa．thfrDmCurrentPOinttonext  

SenBing zoneis a＄traight path．Navigating the  

robotbetwe組the＄etWOPOint8i呂PerfbrTnedbaLSed  

Ondモadred旧ning；   

2）Dete亡tingal弧dmarkby亡DmbiningseJl＄Or，  

therobot obtainB the p鵬ition zLmd thedirec七ion  

informationofaconvexedgea占almdmark丘om  

aJlenVironmentaJmap，andcalcuhtestheexpected  

distanceanddirectionofthe亡OnVeXedgeh・omthe  

robot・U8山名thes巳parameterg†theco皿VeXedge  

det亡亡tio皿畠印SOrtrie昏七0血：etheconYeXdg亡弧d  

measurethedistadlCe乱nddirection．   

3）Afterdete亡thgaconvexedg亡，therobotfu昭  

themeastJredvallleSandthcdeadreckoninginhr－  

mationtocorrectit占eStimatedpositioTlbythepro－  

I）OSedmethod．WhenBO七tenesthlatedposition，  

therobot11Pdatethedeadre亡koIlingbythisinfbr－  

mation，then．reJ；BLrd8neXtSenSlngPOintaBSubgoa）  

toma鮎8neWpathplan．   

Letthe＄en畠edconYeXedgei5lo亡atedat（xi，yi），  

ther亡1ationb武w恍n止把rObotIき弧d抽nVeXed苫e  

isillLIBtratedinFig．9．7・isthedi＄tan亡eandais  

theangLeofthedetected5en50rWithre5Pe亡ttOthe  

robotfront，therelaLtioncanbeshownaB  

（ヱ（可一利）2＋（y〔烏卜・机）2  

（9）   

伊＝t血‾1鯖莞一札  

Bycombiningtwoestimations，deadreckorling  

amiexternalsensor，the robot po＄ition be⊂OmeS  

moreaccuratethaneitherofe＄tlmations，individ・  

u山1y．  

Fig・16・Navigationusln琶reCOgnl工1ngpOint  

5． Conclusions   

Inthispaper，WehaYedescribedaJnOdelロfeom－  

bining＄enSOrWhi血indudesonarandinftared．Then，  

COrre亡tionofTObotpositionbytheobservationof  

landmark9baBed on theinhrmationofcomb   

＄enSOrB．hadditiorl，amObilerob（】tWaSCOntrDIJed  

ね払1lowaroutofoverlOOminIeng七h．Thissy針  

temusedconvexedges舶1andmark＄andcombined  

写enSOrbaBedonself・苫uide，Theresult5howsthat  

natura11andmarkssuchasconvexedgesareuse－  

fultoc凸rrecttherobotpositionby theprop耶ed  

methodt  

houffuturcwork，ah且If－autOmaticsystcm畠hould  

becon占ideredtomakeenvironmentmapguiderobot  

navigationwithoutpriorimapwhidlWillmakeit  

possibletoachievealoJlgerdi或an亡en且Vigatiotlthan  

byBLnautOnOmOuS 

1  
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