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Abstract  

Thispaperpropo5eSaneWmethodforestimatT  

lngthepositionandorientationofamobilerobot  

inanindoorenvironment．Themethodisdifrerent  

ErompreYiousone＄inwhidlthe畠implyshapcdob－  

je亡t5．BudlaBedge”electedfromtheenvironmen・  

t areu9ed aslandmark9instead oEaLrtifi（：ialone＄．   

Themobilerobotmovesfromastartir唱POintto  

it5targetPOintalonga・designedpathrclyingonit－  

sown5en＄Dr＄．WhenitpaBSeSthroughthefeature  

pointin theenvironmcnt．themot｝ilerobotmea－  

sures thedistance to thefeaturepoint．estlmate5  

thepbsitionorits占Irandcorrc亡tSitspath・The  

presentedalgoritllmisespe亡ial1ysuitableforpro－  

Ce88i一喝the聞na一紙andataobtainedbyultra50nic  

SenSOrSWithwidebeaLmSPread．TheYalidityonhe  

PrOPOSedmethodwa占prOVedby畠imulationexper・  

iments，andit’3PerformancewaきalsoinYeStigated．  

1．Introduction   

Fbf thenaYigation ofamobiLerobot，thede－  

termination【）fits absolutelocationis one of t，he   

e55enti山ta5ks．Tbdate8eVeralmethod8havebeen   

proposedtoestlmatethepositionofamobilerobot  

uslngultra50nicscnsors，andoneofthemisl旭1ng  

twoarti丘cia）beaconstoreliablydeterminethemo－  

bilerobot’scurrentpositionandorientation（Cho  

et4l．，1996）1I．Althougharti鮎iallaLndmark8Were  
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provedtobesuc亡eSSfulinlocali2：ing，foramobile  

robot．it would bemoresuitableto utili耳ethefea－   

turest．hatareinherentin theenvironment8．Con－  

Sideringanavigationandlocali2：ationprob）emin  

indoorenvironment，andaBSumlngtlmttheindoor  

environmenti＄a tWO－dimensional月00r planein  

WhidlSOmegeOmetricposition80fftaturepointB  

likeed苫eBareknownberorehand，then，theedge5  

haNetOberecognizedby themobilerobotEirstof  

dl．  

InordertorecognlZeedges．amethodwaspro－  

POSedbyu＄）nga＄enSOrthati房Verticaltothemo－  

biLerobot’房mOVlng direction．WhcntheYertical  

さenSOrdleCks out on aLn edge，iti5SaLid tht the  

robotenter5alocali苫alionaone．Inlhi古拙me，舶  

it moves the mob王1e robot rotateB the sensors to   

＄earChthefeaturesintheenvironmcntneces占arytO  

recognizethecdgesnezutt）y．It王＄neededtoseardl  

Out atleast one palrCOntainirL＄ed名eS，There－  

8ultfromsearchingisthedistanceh・Omthefeature  

poirLttOthemobilerol”t王tseLf・UsirL苫thetwofba－  

turepDints，therobotlocationcanbedetermined  

bythe叫印ri山mpropo5edbyChoe上止5し The  

aboYePrO亡偲8areregarded且SmObilerobo拍ob＄er－  

Yation．Aftert．hi8t．he抗nalestimationcanbesuc－  

亡eSSfu11yobtainedbYmatChinEthede＄ignedpath  

Withtheob昏erVationv山ut≡．  

AmobilcrobotproducedbyNomadicCo．waB  

u5edinasimpleenvironment，Zuldtheexperiments  

WereShownthttheproposedmethodisfbasib）e．  

laritY引ユrfacestoincidentultraLSOnicwaves．AIsoin  

u訂ualindoorenvifOnmentB，t・heeLmPlitudeandthe  

SPeedofultrasonicwavei58upPOSedtonotdlange  

appreciablyindistance亡Omparabletothetypical  

WaNelengthbecausetheambientair，thepropaga－  

tionmediumi5hirlyhomogeneous．Ac亡Ordingto  

the乱bove conditionB theu）trasonicbeamis mod＿  

eledBLSStraightrays．whichiBthelineperpendic－  

ulartロthe＄urhceofcon＄tantPlm8e2）3l■Aphy耳・  

王calmodelpreBentedbyRomzLnl（ucdescribesthe  

transducerre鮎ction．pro亡eB畠fromenYirorLment8TI  

andi与illu8tratedinFigurel．  

FigurelThebeampatternforthepistムnmodel  

oft，hePolaroidtrzLn畠ducer   

ThebeBLmPatternfortllePreS＄ureamplitudeP（0）  

Ofthetran蕃mittingc且nt］emOdeledby  

叩  P…＝ （1）  

Whereβ0＝8fn‾1（響），a血di与thetraれ眉du仁一  

erradius・Whenr＝音，P（r， 

thi古PaPer7a＝1・批m，A＝テ，forthePolaroid  

tram5ducerJ＝4g・4∬∬g，入＝6．7鮎m，亡i38peed  

OrulLra50nicbeam雷，弧dtakena83軋4㍉ヲ亘亨言  

（m／sec）・TheBPeedYaries房1ightlywithhumidity  

lmtgreatlywithtemperaLture・Inourmobilerob叫  

8ixteensonar＄enSOrBmOuntedintheaLrOundofm。＿  

bilerobotareuBedtodetectobstadeきarOundthe  

mobilerobot．ThePo（aJOidtraれ眉ducer65008enSOr  

Wa5uSeda古bothatransmitteraLndreceiver．The  

distBLnCetllatCanbemcaBuredt）ythl鳥trAn糾Iuceri8  

2・TheSystemDescription  

2・1SonarPhysi亡a）Model  

Sin亡emOStOfindoorwallsintherealworldare  

亭mOOthcomparedwiththetypicalultrasonicwave－  

1en苫th，thewalLszLreaSSumedtobehaNea占8PeCu－  
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（誓：ニ「）＝描e‾棚仙t 
（2｝  

Where CN denote与the sen＄Or Orientationin the   

basefram色thatproducesthee血owiththemaxi－  

mumampIitude・qEi占theBCattering如rengththat  

dependsontheslmrpnessoftheedgeandvarieB  

withtheofientationoftheedge・FbraLrightedge，  

Jβ＝0・035～0・10・ri占thedi虞犯Ce肌d巧iさthe  

ZunPlitlIdeatranEer［alongtheBen50rOfsight，  

り＝宕．  

丘om15．24亡mtOlO66．8cm，Withatypi亡dab聞1u七e  

accura亡yOf土1percentovertheentirera喝e8）・  

2・2 TheModelofGeometricEdges   

Inthepresentstudy，BLnedgc王台de呂nedaBthe  

intcrsectionoftwo walls which zLre aSSumed to be  

VerticalasobsierVedfrominsidetheco11VeX＄PaCe  

generated．Inordertotiseita30neOfthepassive  

）BLndmark＄，itmusthaYeafeaturepoiJlttOdeter・  

mineit＄pOSitionaccurately・HerethePOE（Peak  

OfEdge）出血own主nFigure28王ヨ血0＄enaβthef由一  

turepoint・Therefbre，Whenwe8aythataJledgeis  

distingui写hedthatmean5thePOEisrecognized．   

81  D亡印㍊  

Figure2b．Ampl王tudeoftheehcoYerSu＄the畠Onar   

¢rient乱tionwithdi引汀eteangle80rrOtation  

Fhm（2），WhenO＝eN the粘（0，r）readle5it8  

maximumvalue．TheO〟de蝕edaboveha占80me  

importaLntprOpCrtie＄：a）themaximumed”am－  

Plltudefrom且ned酢OCCur畠atC＝ON；b）dueto  

SymmetけOrthe8en帥randthe8亡弧nmgprOCe－  

dure）theceJlterOrthescaLnarCOCCurSate＝CN  

；C）thelocationoftheobjectiBalongthedirec－  

tionC＝βN・Fh）mthe占Cimportantpropertie畠，an  

edge亡anbedetectedoIllywhenthe畠en50rOrieT）一  

日止ionβlie5inthe【β頼♂用dlandthePOEcanbe  

di8tingui8hedonlywhemtheβ＝軋．Then，80me  

Slmulationscanbecarriedout．  

Figure2a・Constraintonedgeidenti鮎ation  

AccQrdin苫tORomKou18theory3）．theampli－  

tudeofthetransmittedpulscdecrcaseBWithrBLnge  

inthefar2：OneSin亡ethcdiameterofthebeaLm亡rOSS  

5eCtionincreaseBwithrNlgeandwithdivergence  

弧glモ軋・由比e帥nar虹弧5aCrOS占弧edgere鮎仁一  

tor，theedlOamPlitudefollow＄theG且uSSianCurve  

asshowninFigure2bandisglVenby  
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3． The Determination of  

Location of Edges 

3・1Preparation hr processing  
SonsarScanData（SSD）  

InordertodleekthedisturbanccsEromt．hecn－   

Vironmentandimproveac亡uraCyOflo亡alization，We  

havctoproce耶the＄enSOrdatawllidlareObtained  

fromtheultraLSOnicsensorwithwidet）eamSPread．  

恥艮ndtheedgef由turepoint，thePOE，thege－  

omctricparametersofSSD’＄Canbeextractedby  

usingthe払1lowingpro亡edure：a）thedataobtained  

fromonc＄enSOra∫egrOuPed，aLndevery亡OnSistsof  

threeda亡atogeth叫b）the脚er喝eOfthetwoclos－  

erdatainorlegrOuPl＄rePre＄entedbyd‡，theo  

klen．i占negl印ted．   

An ed苫eC孔nbedetectedart timeiAt，ifthe  

abovethreeraJlgeValuesobtainedfromSSDsatisfy  

thero1lowlngCOnditiol一日：  

‡王≡ニ竺二王≡…  （3）  

Here，5denoLesameasureofdetermlnlngWhether  

thethreerangevaluesaLfePrOduccdbythecdgeor  

not．The parametcr6depcndson th巳re＄Olution  

Oftherangefinderandtheedges＄hapesaLnditi＄  

determinedbya＄erie＄Ofexperiments．   

Inthe8aLmeWay，訂Iedgecannotbedete亡tCd  

untilnextAt，iESSDsati殉rthefollowing corldi－  

tion：  

3・2 Thelocationofedges  

AfterprocessingSSD ontheaboveconditioIl・  

S，the next畠tePi＄tO丘nd theSSD，専aS50Ciated  

withthePOE，Theangularextentconditioni8uSed  

to testwhethertheSSDIB areaさ紬Ciatedwiththe   

pa郎iveモdg田Or nO七．The畠imulation of experi－  

mcntEWaB rOundoutbymakingu＄eOfNomadic  

CO．software．Thetwo－dimensionalindoorenviron＿   

mentaroundaLnultrasonic8enSOri＄rePrC＄Cntby  

apiecewi引巳COntinuouβdi占tan亡モful亡tiom丘omthe  

SenSOrtOthe写urrOundingedg阻Fbrexample，Fig－  

ure3ashow占aSituationinwhidl七hemobilerobot．  

islocat亡dattheccnter，andtheSSDareobtaincd  

by rotatinE the mobile robot acounterclodkwi紀  

reYOLution・Thedi畠taLnCetOtheedgeswithinthe  

detectionrangei5血ownasaru血亡tionofthe8en－  

80rOrientationinFi苫ure3b．lmthisexample，the  

POE，Breaユp朋祉ion5打ema止edwitha8t甜事．  

tdi－di＿ll＜d  

Id汁l一叫≧J  （   
（4）  

IfSSDsat王shrthehllowlngCOndiLion：  

伸一dトIl＜d  

匝叶l－dil＜占  （   
（5）  

therei＄nOtanedgeandif  

Figure3aEnvironmentmodel  
ldi－dトIJ＞占  

id叶l－dil＞∂  †  
（6）  

themea占urementisthoughttobeadisturb鋸ICC．  
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Figure4bDistancehlnCtiomh）mtheu比ra80mic   

Somemoresimulationte由were丘nlshed．Inthese  

te叫the900弧glei58etan摘胱d亡omobilerobot，  

themobi）erobotismov）ngatdi鮎rentdistanceBLnd  

di鮎rent＄laLnt・andthenotherseYml叫gleswere  

alsotried・Figure5aslmwさtheresultsofsimu＿  

htionswhenmobuerobotmoYeSBtr軸htlyfrom  

distance15・75cmto200・15亡nhrfromtheedge，  

FiEure5bshowBthesimulationre＄ultswhenrobot  

moves止mLingly且t15d，肝，仰弧gle・Figure5c  

Showsthe占imulationresu）tswlmedgeisdlanged  

h】m600to150¢．  

Figure3b・Di占tanCefunctionfromtheultra占Onic  

to8urrOundingdge8   

Figure4ashowきthe亡aBeinwhidlthemobilerobot  

movesthroughthegeometricalshapeswithedgeB  

almgastraight）ine・ThedistaJICetOtheedges  

Withinthedete亡tionr弧gei8血owna8a山nctiom  

OfthemovingdistanceinFigure4b．  

Figure4aEmvironmen亡m。del  

打叩＝he5etWOe＝amPle8，iti85hown払atthe  

mobil亡rObot亡anreCOgnほeedgesinit8enV王ronmen－  

t，WhetheritrotatesatapointormoYeSalonga  

Straightline・Ofcourse，therecognitionproces岳in－  

Clude9atsomeextenterrorB．Howevertheerrors  

CZLnbecompensatedbymod拍，ingtheparamete，  

intheequation（2）．  

Figure5aDifferentdistancefromedge   

ー5－  



byonc・ThemeasureddiBtaJICebetweentwoPOE，  

l Dm，Canbe亡alculatedh）mthegeometricpaLram－  

e七e柑ロー比etriangk．  

－1㈹    一叫  ○  
岬，t仙1  

帥  IM l細  

Figure5bDifrerelltSlanting  

Figure6aAnalyticgeometrysolution  

」咤＋巧－2上）月仇伽剖毎 〔丁）   かm＝  

－1帥 －I∞○ ・，帥   O  
L▲叫，tlld■●】  

帥  t00O t帥  壬∝泊  

旦月弧d上I上甜eSSDmea凱Ⅳd如mthe月毎e上  

（∬＝化）弧dβ如月（瑚，抽），弧叫‘ブi等比帽angle  

between畠Or）aruSLZLndtL3j・Therl，themobilerobot  

Calculatesthcabさ01uteestimationerrorbetweenDe  

and上Imby  

FigureさcDiqerentedge8  

Fh｝mthe＄e＄imulations，iti＄foundthatthefur－  

therthemobileroboti8fromtheedge，thelarger  

thereco卯1別叩errOrS；themore古lmtIthegreatcr  

theerror，姐dthcPOEcanbemeasurede鮎ctive＿  

）yon】ywhenmobilerobotmovesperpendicu）arto  

theedge・FhrthermorePOEczulbeefrectivelyrec－  

Ognizedwhenthc5ma11estangleislargerthn600，  

掛「¢「＝A上）＝lβ。一刀ml  
（8）   

Theaboveestima七ionerrorADi8Calm1atedfbr  

al）ofthecombinationofSSD，＄・Final1yatlca叫  

thereisapairofmea占urement8Whidlisthe＆mall＿  

e5terrorむ1dwillbeu＄edforlocalizationof＆m。＿  

bilerobot・ThisanaZysishasbeenproYedby占imu－  

1ations（8eeFi苫ure6b～6d）．WhenADiBundera  

8PeCi丘cation，themeasureisthoughttobec。，reCt  

4．MobileRobotLocaIi2；ation  

AsshowninFi苫ure6a，thecoordinateB。fthet＿  

WOed苫田，βdge上（現，軋），弧dβ如月（瑚，y扇，訂e  

glYen aPriori，a血d the distancc D。between tw。  

POE卓CaLnCalcuIate．Thesensorsmountedt。the  

mobilerobotobtaintheSSDhmlwDedgesone  

－6－   



orientationbecau5eWeCa山nOtObt扇na．c亡urateSS－  

Dh・Omtheultrasonic≦enSOr．andneitherarethe  

pairofBOnar（tLSE，tLSj）facetotheedge阜・  

aLndc且nbeusedas血paraⅡ1etertOfhdtheposition  

andorientationofthemobilerobot．  

■I  l01   1】○  ●○  ■I  
l■■■■■J■■●  

■  

Figure6b・  1d  如  ミ始  10  11  10  †○  ■l  ■1 11泊  
■●■■■●Jh●■  

Figure6e．  

Letuseonsiderthat，themobileroboti8lo⊂ated  

at弧unknownpoimt（Jo，yO）wi址re叩e亡ttOthe  

worldcoordinateframe触edatpointO．TheDR．  

DLand缶RLCBLnbeobtainedf山ma5et80fSSD，8．  

Themobilerobotpo5ition5COrreSPOndto thein－  

t，erSeCtionpoint＄Oftwocircle貞WhidlZLrethelociof  

POSSiblepositions亡OrreSpOndingto themeaBured  

弧gle中り・   

Analyticgeometrymaybeu占edto80lvehrthe  

commonpoin拍（Go，yO）and碇，yL）oftwocir一  

亡1e8．H由ちロム＝UきJ＋rand上）月＝u占汁「（ri8  

themobilerobotradius）．TheintcrsectionpointB  

Oftwocircle8aLreObtainedby  

tO  IO  ：■I  

鵬l■●＿T■■■  

Figure6c．  

（9）   

1■  ■l ：■  l0 10  的  T0 1岬  ■0 11力  
u●■■．■■Jh■  

AsshownintheFigure6a，tWOfeatureposition・  

s，P（∬卯山血dJ）●（靂ニ，正）打edetemlined．O爪印f  

themi畠therealpositionofmobilerobot，Whichcan  

bedecidedaccordingtothedead－reCkoning（和．yJ）．  

Figure6d・  

Onthecontrary，irADislargerthaLnanallow－  

ableerror｝WeCannOtdeterminethepositionand  

－7ェ   



6． Con亡1usion占  

A mobilerobotlocali2；ation5yStemWaSdevel－  

opcdbyuslng tWOedge8aS apairoflandmark一  

房．Theproposedmethodcane＄timatetheposition  

andorientationofthemobilerobotllSin＄theSonar  

ScanData（SSD）obtainedt・ytheultraBOnic8Cn帥r・  

First，比edistanceerror占betweenlbe亡由仁ulatiom  

andmeaBurementW甲eStimatedtojudgewhether  

themea占urementisrightornot．Second】y，thetri－  

8nglegeome七rywaBtouSedtoe8timatethe血obilc  

robot’scurrentpositionaLndorientation．Usingthis  

alBOrithm，the即Ometricparameter8et80fedges  

C乱nbeaccuratelyobtainedandconsequently，the  

POS王tion and orientation ofthemohi］erobot亡むI  

bedetermined．Itis be）ievedtlm七thepropo古ed  

methodisorapotentialvalueinpracti亡al．su  

movlngBOmethinginlmspitalordelivcrlng島OmeT  

thi－1ginoRicebuiLding．  

一昔d）2＋（拍一打d）ユ＝dl  
（10）  

（竜一勘が＋（y；一拍）7三岳2   

ⅠⅢgeneral，COmparll唱the占1む1dJヱI仙e＄maller  

oneisdecidedtDtherealposition・  

5．ExperimentalResults and  

Discussions   

馳【モズperimemtsoflocali祖tionormobilerobot，  

two edge亨areuSedin anindoorlobby withflat  

Roor．Thelobbyisapproximate）y5，59mby14・72m  

細野bown；皿F；gureね・   

ThemobilerobotwaBinitiallyloca．tedat the  

ori苫inofthewor）dcoordinateframeO（0，0），and  

thegoalpositionwa月givenasG（与040，120叶In  

the・巳Ⅹperiment8，tW8edge88eヒat（3840，・240）弧d  

（4与60，－7叫wereuti）i21edtodeterminetheab80lute  

positionandorientationofthemobilerobot．   

Themobile robot equlPPed withsonBLr－based  

navigationsystem moves ffomthestartint；POSi－  

tion，tOWardsthegoalpo5itionwhileavoidingthe  

Obstacle・WhenttlemObilerobotdett：Ct8Zuledge  

WhidlWeaBSumea旦anaturallandmark，itmoves  

inthe畠PeCi鮎dlocali祖tion2＝OneS・Inge－1eralsjtuT  

ations，theposition．andorientationofthemobile  

robotiヨunknown・ByusLngthelocaliEationalgo－  

rithmpresentedabove，themobilerobotestimates  

its亡urrentlocationandorientationasitmoves aT   

】ong tlleplanned p如hIf払e】oca王izat王oni写和仁一  

CeSSful，themobi）erobotupd孔tCSitsposturcand  

PreSentPOSitionICOrreCtingit8Pathplannln苫・   

Figure7aand7bshowsimulationresultswith－  

Outadldwithanob5taCleonitsway．respectiYely．  

Themobilerobot亡抑ー臨血it靂gOal皿亡亡怨血11yin  

either亡a盈e．  
Figure7aTheenvironmentfor）ocali姐tion   

experimentswitlltWOedge＄町Stem  

－8－   



7）Rom弧K≠e乱nd M・W、Sie酢1．“Phy扇c山IyB鮎ed   
Simulatio皿ModelIもrA亡D朋ti亡Sem60rRobotⅣaY－  
ig山ion．”IEEETねn占．PatteTnA皿止MachneIn－   

tel．，VOl．PÅMト9．nO．6．pp．766－777，Novemb仁一   
1987  

8）Nomadic恥血nologies．什User，島M弧u；止”M孔rCh   

，1997   

FigureTbTheenvironmentwithanobstaeleon  

it’＄W町  
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