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tocorrecttheestimatedpositionisdefiniteeffectiveto

impmveaccuracyFurthermore,GreenfeldI2]suggestedthe
waytomaketheWhitealgorithmmoreadequatelyfitthe
realposition､Theseworksa1℃notusefUlinpresumedcase，

however,Thisfactmeansthatconventionalfiltelingcannotbe

usedinasituationsuchasthatshowni、Ｆｉｇ．１．Theestimated

positioncouldnotbedecideduniquelyifweappliedaone‐

dimensionalrestrictedfilte風ａｓshownintherightsideofthe

figure・

RecenllyRFID，Wireless-LANandBluetoothsystems

haveoftenbeenused,Thesesystemshavethemeritofbeing

abletoidentifype応onalinfbrmation,whe1℃asGPScannot・

Ｉｔｃａｎｂｅｓａｉｄｔｈａｔｔｈｅｓｅｓｙｓｔｅｍｓｂｅｎersupplyserviceon
demandthanGPSdoesFeldmannetal.[3]describedthatthe

strengthofradiowavesusedwithBluetoothdevicesenables

ustoestimatepositionsofthedevices､Rekimotoetal．［4］

reportednwayｔｏｅstimateapositionbyWiIEless-LANaccess

pointSignalstrEngth、ManystudiesusingRFIDhavebeen

publishedbecauseRFIDcostshavedec正asedrapidly､Infact，
Hiihneletal．［5］ａｎｄＮｉｅｔａｌ．［6］establishedthebasisof

RFIDpositionestimation

lnaddition,servicesbypositionestimationaresometimes

investigatedfbrtheirvalue，Especiallynoteworthyisthat

Bohnenbergeretal．［7］showedthatpeopleinashopping

mallgotmorcsatisfactionwhentheywercgiveninfbrmation

ofpositionandguidedtoadestinationthanwithout．

Absjmc←亜chnologiestoidentifypeopleanddeterminetheir
poSitionsa唾developingmpidlydaybydaybManymeansexist
toestimateape応on，ｓｐ“ition・Mainlybwi応lesssensorsa配
used･Nwerthelesswi唾lesssensorshaveproblemsimaccuracyb
Becauseofmultipalhproblem,wirelesssens0rscannotactually
measureone，spositionastheleveloftheirspecifications･This
causessome勉talproblemstoestimateana唾awherepersonis･
InthiSpape喝ｗｅｐＩ℃Sentawaytoimprovep0sitioninfbrmation
byfilteringdatawhichwasｏｂｔａｍｅｄｂｙａｗｉ唾lesslocation
awarenesssystem･Wealsoshowdesignedfilterwhichisbased
onpartiClefilterise雌ctivebysimulati0皿sandexperimeIBts，

ノ"dEx歴”s-LocationawareneSS，Particlefilte風ViSibility

gmph,Ｔｉｍｅｄｉ睡睡nceofarrival

１．１ＮＴＲＯＤＵＣＴｌＯＮ

Ｌｏｃａｔｉｏｎｔｅｃｈｎｏｌｏｇｙａ1℃developingdaily､Theyhavebe-

comecapableofmeasurｍｇｏｎｅ，spositionandpersonal

infbrmationmorecorrectlyandtheircosthasbecomelower

thanbefbre、Locatointechnologyenableustosupplyhigh-

qualityservicesondemand・

OneoftherepresentativeexampleisGlobalPositioning

System､GPStechnologyisusedinmanyplacesandbymany

devices，Cancellularphone，ｎｏｔｅＰＣａｎｄｍｏ妃．Itmeans

locationtechnologyisdefinitelyneeded・

Nowweconsiderservicesusingwirelesssensors・Wire‐

lesssensorsarenowfrequentlyusedinlocationawareness

servicesbeｃａｕｓｅｔｈｅｙｃａｎｂｅｕｓｅｄｉｎａｗｉｄｅａｒｅａａndmany

caneasilyidentifyapersonusinginfbrmationtransmitted
byradiowaves，Ａｓｄescribedlaterinrelatedworks，RFID

senso曙areonegoodexample、

Wepresumethatthesesensorsareusedatacomplicated

partitionedindｏｏｒｐｌａｃｅｓｕｃｈａｓａｓｈｏｐｐｍｇｍａｌｌｏｒｄｅpart‐
mentstore・Insuchplaces,itisnecessaIytodetectapartitioｎ

ｉｎｗｈｉｃｈａｐｅｒｓｏｎｉｓｐｒｅｓｅｎｔａｎｄｔｈｅｐｅｒｓｏｎｗｈｏｈｅｉｓ・If
thesethingscandetect，servicesandinfbmationcanmeet

thedemandatahighquality・

Conventionallocationawarenesssystemsarefilte肥dby

one-dimensionalr℃strictions､Variousdevicescanprovidelo‐
cationawarBnessservicesusingwirelesssystems,Actually,as
lmentionedbefbre,ＧＰＳｉｓｔｈｅｍｏstuseddevice､Researchers

haveattemptedtoimpmvetheaccuracyofGPSestimates，

Ｗｈｉｔｅｅｔａｌ．［l］showedthattheuseofmapinfbrmatioｎ
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Fig.２．FigureofsimulaIion.（a）isamormnldistributionnoi§e-simlllaにｄｒｏｕ肥,（b）ｉｓａ“ＩｉｍａにdroLlにｂｙｅｘにndedKaImaniilにｒ”．（c）ｉｓａ“timaにd
To柚Iebypaniclehlter､ＡｒｅａＩｒｏｕにｉＳｓｈｏｗｅｄｂｙａｂｍｋｅｎｌｉｎｅｉｎ（a).（b）ａｍｄ（c)．

’mｄｋＢＬＥｌ
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(a）

８．Ａ此〃"ｇﾉ"“〃!/b""α"o〃

Asdescribedinarclatedwork，filteringbymapinfbr‐
mationisalsousefillfbrpoSitionestimation・Inpresumed

situation，however，ｉｔｉｓｎｏｔｅｎｏｕｇｈｏｎｌｙｔｏｕｓｅｍａｐｉｎ－
ｆｂrmationfbrfiItering・FbrthatrEason，weconsideradding
mapinfbrmationtotheparticlefilter．’IＷｏｍainreasons

canexpIainwhyweusetheparticlefiltemThetwofilters
differwidelyinthattheparticlefilterisnon-parametricand
theextendedKalmanfilterisparametric，Consequently,the
paITiclefilterismoreeasilyaddedtomapinfbmlationfbr
algorithmsthananextendedKalmaniilteris､Ｆurthermore,it

ispresumedthatmulti-pathnoisedoesnotalwaysfbllowa
normaldistribution､Fromthatperspective,parametriciilters
alsopresentadvantages、Therefbrawedecidedtousea

particlefilter、

ノノＲＷｊｃﾉｅﾉﾉｒｅｒａﾉgo"rﾉi'"s：Befbreexplaininghowto
addmapinfbrmationtoaparticlefilte風wepresentabrief
descriptionofparticlefilters,Commonlyparticlefiltersex‐
ecuteafbur-stepprocessinrelationtooneobserveddatum：

resampling，fbrEcasting，assigningimportance，andposition
estimation．

Ｉ、ｔｈｅ肥samplingstep，paIticlesa１℃choosenaccording
Iheirimpo1Tance，ａｓｄｅｃｉｄｅｄｉｎｔｈｅ，assigningimpoItance，
Step・Ｏｎｌｙｔｈｅｆｉ応ｔｔｉｍｅ，particlesareunifbrmlyarmnged
inａｎａにa､Bythisstep,particlepositionsQ(1)～Ｑ(ＡＩ)are
determineduniquelyas(1),whereMisanumberofparticles．

１１．FIIJrERDEsIGN

Whenweusewirelesssensors,weshoulduseappropnate
nlteringandcuttheirnoise、Incontrasttowiredsensors，

wiIElesssensorsgiveusdatathataretoonoisybecause
wiIElesssensorshaveamultipathpmblem，Reflectedor

diffractedradiowavesinterferewithoriginalwaves・Ｔhereby，
theiraccuracyisdegraded．

A・Ｅｘ花'Ｉｄ２ｄＫｔ７伽α"/f"era"ｄｐα"icﾉe/fﾉrgr

First，wespecificallyexaminedhItersofｔｗｏｋｉｎｄｓ：an

extendedKalmannlter［8］andaparticlenlter［9]．These
filtersarEfi℃quentlyusedtoestimateposition・Ofcourse，

numemusstudieshavebeenundertakentoimproveaccuracy
usingthesefilte齢．

TbconfiImthesefilters，perfbrmance，wesimulated

whetherthesefiltersimproveaccuracyoftheestimated
position、WepIEsumedthathumansarewalkinｇｉｎａｌａｒｇｅ
ｒｏｏｍａｎｄｔｈａｔａｗｉｒｅｌｅｓｓｓensorperiodicallymeasuresone，s

position・Noisewasgenerutedandaddedtotherealposition
tosimulateamultipathsituation・Wealsopresumedthat
noisefOllowsanormaldistributionwhichaveragｅｉｓＯＩｍ］
andstandeIddeviationislIm]・Wepmcessedthesedata
usingeachnlterandcomparedthecalculationtiｍｅ,average
erToEandstandarddeviation、Inarticlefilte風ｔｈｅｎｕｍｂｅｒ

ｏｆｐｅｒｔｉｃｌｅｓｓｅｔｆｂｒｔｈｅｐarticlefilterislOO・ＴｈｅｒＥｓｕｌｔｉｓ
ｐＩｃｓｅｎｔｅｄｉｎＦｉ９．２ａｎｄ'nlblel・Bothfilterscan１℃ducethe

averageelTorandstandarddeviation

Howev印fatalproblemsexistinthisresult・Theycanbe
illustratedbestusingextremecases・Ｉ、Fig.２，ifaspacewas
paltitionedbywallbetween（２Ｗ）＝（8.1,0）ｔｏ(8.1,15)，
thenthepartitionmightbedetectedwronglymanytimes
aroundthewall,evenafteriiltering､Therefbre,othermeans

mustbeconside1℃dtoimprovetheestimatedpositionina
pIEsumedsituation．

calculation

tＩｍｅｐｅｒ

dａｔｕｍＩＳｌ

averageerror

Iｍｌ

standerd

deviation

lｍｌ

(Withou1tilter） Ｎ/Ａ 1.18 0.63

ExtendedKaImanfiller 0.005 ０．９１ 0．５１

Panicle61ter ０．１５ ０．８３ 0.45



Ｑ(1)(‘r(1).ｙ(1)),Ｑ(2)(砥(2),ｙ(2)),…,Ｑ(ＡＩ)い(Ｍ).y(AI)）
（１）

Thefbrecaststepmovesparticlesaccordingtothestate
fimction・PaIticlepositionsatk-thstepmovｅｄａｓ（３）ifstate
fimctionwasdescribedas(2)．

い,,,""）＝ﾉ．(２，"-,,y"-,） (2)

ＱＩ１)＝/(Qﾙﾘ,),Qr)＝/(Q鯉,),…,QlWI)＝/(Q閏）
（３）

Forexaminationinthispape鴎pamclesmoverandomlyin‐

sideaciIde・Peoplegeneralymovearbitrarilywithinamom，
buttheirwalkingspeedareeffectivelylimited・Therefbre，

wedecidedtochangethecircle，sradiu§ｉｎpropotiontothe
measuredinterval・

Assigningimportancestepistodetermineeachparticle，s
plausibility、Plausibilityiscommonlydeterminedbythe

distancefi･ompaIticletotheobservedpositio、０k(琳卿
as(4)．

⑩(ＱＩ１))=I/("Ｉ'１－戯:)2＋(ｙＩ１)-Ⅷ2

“(QIﾉv))＝ＶＷｎ－懇:)2＋(ｇＩＡｊ)一塊)２（４）
Finally，thepositionestimatestepdeterminesthedecide

estimatedpositionEk(鴫砿）uniquelyconsideringallpaI迄
ticlesHerewetaketheaverageofallparticlesas(5)．

ハノ Ｍ

Ｅｋ(鋤x,卿＝(('/M)工錘#),('/ﾊﾉ)ヱリド'）（５）
ｉ＝ｌ ｊ＝l

Thesefburstepsorganizetheparticlenlte風
２ﾉＡ“"ｇｖｉｓ肋i"０，９ｍpﾉiαﾉgor城ﾉ"sfWenextSpecifi‐

callyexamineassigningimportancestep・Inparticlefilter，
theplausibilityisgenerallydeterminedbyEuclideandis‐
tance、EuclideandistanceisnotalwayscoITEcttodetermine

plausibilityhowever､Fbrexample,obstaclebetweenprevious
steppositionandp1℃sentsteppositionexists,twopoSsibility
canthinkaboutpresentstepestimation，Oneisthatthe

pIEsentsteppositionandprevioussteppositionissame
sideoftheobstacleinessence,butaccidentaIlyp1℃sentStep
positionwasestimatedtheothersideoftheobstaclecauseｏｆ

multipathproblem、Anotheristhatapersonwalkedaround
theobstacleandthatthepresemsteppositioniscorrcct、
Thelatterpossibilitycanbeexpectedtobelowerfbrlalger
obstaclesbecauseapersonmustmovearoundtheobstacle

tocmss、Therefbre，wesuggestexp雁ssingIheimportance
bytheshortestdistanceconsideredasobstaclesbetweentwo

stePs．
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lnmobilerobotics，manysolutionsaresuggestedtofind

theshortestpathinaplacewithmanyobstacles・Fromthese
solutions,weuseavisibilitygraphmethod[１０]・Thismethod
iseffectiveintwo-dimensionalspace､Belowareproceedings

ofvisibilitygraphmethod．

(a）Setnodesofthegraphonverticesofobstaclesandthe

startnodeandthegoalnode・Ｉ、Ｆｉｇ．３，Ａ～Fare
nodeS．

(b）LinknodeswhicharevisibletoeachothenWhether

A(α:r,αり）ａｎｄＢ(1)酢,6"）arevisiblecanbedecided
byendpointsofsegmentsstructuredbythesurfaceof

obstaclessuchasC(c韮,c’)ａｎｄＥ(e邸,e’).Ｗｈｅｎｂｏｔｈ
(6)ａｎｄ(7)aresatisfied,segmentABandsegmentCE

intersect､Consequently,AandBarenotvisibletoeach
other．

（α’－６９)(ｃｒ－ａ野)一(α垂－６錘)(c〃－α即)・

(αv－６")(ｅｒ－ａ:r)一(α燕－６雛)(e』ノーαｙ)≦０（６）

（c"一e9)(α錘一c錘)－(c歎一e菰)(α’一c勤)。

（c’一ey)(6鞭一cr)一(c錘一e懇)(6,-c,)≦０（７）

（c）Ｏｎａｇｒａｐｈ,calculatetheshortestpathbetweenthenrst

positionandthegoalpositionlnFi9.3,ｃｏｍｐａｒＥｒｏｕｔｅ
Ａ－Ｃ－→Ｄ－ＢａｎｄｒｏｕｔｅＡ一Ｅ－Ｆ－Ｂ･Tb

workouttheshoITestpathongmph,Dijkstramethod
aregenemllyused・

Theseproceedingsareaddedtoparticlefilteralgorythm・
Fig.４ｉｓｔｈｅｎｏｗｃｈａｌ･tｏfdesignedfilteralgorythm．

〔，

八

Ｅ Ｆ

Ｆi９．３．AnexampleapplyiI1g【hevisibiIilygmphalgo1ylms
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Fig.４．FlowchartofdesignedhIIer

Ⅱ1．ＥＸＰＥＲＩＭＥＮＴＳ

ＴｂｅｖａｌｕａｔｅｐｅｒｆｂｒｍａｎceofthedesignednlteEexperlments
areconducted・

AExpe〃ｍｅ"、/ｓ“""gs

Weusedawireless-LANlocationawarEnesssystem（Air
LocationII；Hitachiwirelessinfbventu正company.).Ａｓｐｅｃｔ
ｗａｓｓｈｏｗｎｉｎＦｉｇ、５．Belowaresomefeatu肥s，Thissys‐
temmeasu配sthepositionusingtimediffもrenceofaITival
(TDOA).ThissystemcanidentifydevicesifaMACaddIEss

isregisteredinadvanceandfindpluraldevicesatonce、It

meansthatwecanobtainlocationdataandidentifyape鰯on'ｓ
ｄａｔａａｔｔｈｅｓａｍｅｔｉｍｅ．

Ｅxperimemswereperfbrmedinalargeｒｏｏｍ：ahallat
TheUniversityofTbkyo､Thehallhaspartitionsandcanbe
divided､The1℃fbre，ｗｅｃａｎｓｉｍｕｌａｔｅｔｈｅｐ１℃sumedsituation，
Ｆｌｏｏｒｓｐａｃｅｉｓ２１ｍｂｙｌ８ｍ､Thenwesetthemeasu配ｍｅｎｔ

ａｒＥａ２０ｍｂｙｌ６ｍｒｅｃｔａｎｇｌｅａｎｄｐlacedAirLocationII
devicesoneacｈｃｏｍｅ砿ＷｅｄｉｖｉｄｅｄｔｈｅｈａｌｌｉｎｔｏｂｌｏｃｋＡ

ａｎｄｂlockBBIocksAandBweIEpartlypartitionedbya
metallicwall．

B､Ａｍｏｄｅｑ/Gxpe”e"r

Wespecificallyexaminedplacesaroundthepartitionbe-
causetheseplacear℃apttohavemistakeswhichblocka

2970

Fig.５．ASpeclofAirloca1ionII

person､Therefbre,ｗｅｗａｌｋｅｄｔｈｅｒｏｕｔｅｓｈｏｗｎｉｎＦｉ9.6fOur

times・Ａｄｅｖｉｃｅｔｏｓｅｎｄｒａｄｉｏｗａｖｅｓｕｓｅｄａｎａctivetag（Air

Locationll).ＴｈｅｔａｇａｌｓｏｈａｓａＭＡＣａｄｄｒｅｓｓａｎｄｓｅｎdsa

pingregularly,Thesystemcanchangemeasurementcycles

tosomedegree・WedecidedonameasurementcycIeoffbur

time＄ｐｅｒsecond，ｗｅｏｂｔａｉｎｄａｔａｅｖｅｒｙＯ､２５secounds．

ＣＳｊ'""ﾉα"o〃””e""j"ｅｒｈｅ〃”Iberqfpq"jcんs

Befbredoingexperiments,thenumberofparticlesmustbe
determined､Therefbre,wesimulatedfilteringasachangethe
numberofparticles、Asinthesimulationperfbrmed，I1oise

fbllowsanormaldistributionwhichaverageisO[mland
standerddeviationｉｓｌＩｍ]・ResultsareprEsentedin'nlble
lI、Ｔｈｅａｃｃｕｒａｃｙｒａｔｅｉｓｔｈｅｒａｔｅｏｆｗｈｅｔhertheestimated

positionandrealpositionareinthesameblock．

ｙ

(0.16》

（６.]５．１６）

Fig.６．Sketchofahallau1dawalkingrouに

(20.0）

(20.16）



ＴＡＢＬＥＩｌ

ＤＥＴＥＲＭｌＮＥＴＨＥＮｕＭＢＥＲｏＦＰＡＲＴｌｃＬＥｓ

numberofparticles avemgeermr[ｍ］ improveｍｅｎｔ

percentage[％］

(Withoutnlter） 2.58 ０

1０ 2.87 -10.89

5０ 1.14 55.94

１００ 1.10 57.39

500 1.50 42.10

1０００ １．５８ 39.05

’ｍ６ＬＢＬＥｌⅡ

ＡｖｌｊＲＡＧＥＥＲＲｏＲＡＮＤＩＭＰＲｏｖＥＭＥＮＴＰＥＲ〔､EＮＴＡｃＥｌＮＴＨＥＥｘＰＥＲＩＭＥＮＴ

averageerm『with‐ avemgcerrorwilh lmpmvement

oul61にTｌｍｌ

2.603

iilIcrlml percenlage1％’

2.030 うう

ＴＡＢＬＥＩＶ

ＡｃｃｕＲＡｃＹＲ（TＥＩＮＥｘＰＥＲｌＭＥＮＴ

accumcyratewilhoutfilIer accuracymtewithfil【er1％]
1％Ｉ

75.91 83.07

Theimprovementper℃entageIbwasdefinedas(8),where
DistheaverageerTDrwithoutａｎｌｔｅｒａｎｄＤノｉｓtheaverage
eImrafterfiltering．

4,＝(ｌ－Ｄﾉ/Ｄ)・'００ (8)

5uredpo5ition

position

Fig.７．A6gureinwhichiilterlingw郡ｄｏｎｅ
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accuracyrate[％１ calculationtimeper
data[sec］

69.85 Ｎ/Ａ

73.67 0.0064

88.82 0.0264

88.19 0.0531

83.44 ０．２５３１

81.24 0．５１１３

Theresultsshowthattherea１℃ｎｏｔｓｕｃｈｇにatdiffe限

encesintheimprovementpercentageandtheaccuracyrate

between5０，１００，５００ａｎｄｌＯＯＯ，whichmightimplythat
saturationoccurs，Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｔｈｅcalculationtime

incrEasesindi１℃cIproportiontothenumberofparticles、
Aboveandbeyond500,thecalculationtimebecomeSgreaにr
thanthemeasurementinterval0.25{s]､ItmeansfiIteringcan
notbedoneuntillnextpositiondataisgotton，ａｎｄ６１ｔｅｒ
ｃａｎｎｏｔｂｅｕｓｅｄｉｎａＩｅａｌｔｉｍesituation、５０isnotenough
toimploveaverageerromTherefbre，ｗｅｄｅｃｉｄｅｄｔｏｓｅｔｔｈｅ

ｎｕｍｂｅｒｏｆｐａｒｔｉｃｌｅｓｔｏｌＯＯ．

Ｄ・Exper伽e"、ノ膨皿ﾉ応

Figu1℃６presentsthesituationinwhichfilteringwasdone，
ParticlesareseentoestimatetheblockcorTectly,evenmea-
suredpositionistheotheｒｓｉｄｅｏｆｔｈｅｗａｌｌ，nbleIIIshows

theaverageerrorandimprovementpercentageinexpenment・
ＴｍｂｌｅｌＶｓｈｏｗｓｔｈｅａｃｃｕｒａｃｙｒａｔｅｉｎｔheexpenment・

Nowwedisscusourexperlment・Weareconcemedthatthe

averageeITorandimprovementper℃entagearElessaccurate
thantheresultsofsimulation・Somereasonsareinfbrred・

First,althoughwepresumedthatthenoisefbllowsanormal

distribution，thepossibilityexiststhathypothesisiswrong．
Second，ｔｈｅｍetallicpartitionbiasedbyradiowavestothe
farsidefmmthepartitio､,ａｓｐｒＥｓｅｎｔｅｄｉｎＦｉｇ、８．

Fig.８．MelalIicpamlionmakes唾nectionanddifYmctionofmdioｗａｖｅ
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dｉｓｔｍｃｅｌｍｍ aCCumCyralewilhou【 accumcymtewi【hfil‐
EPlml

0.42‐１．４２

２

３

４

５

４２‐２ 4２

４２‐３ 4２
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４２‐６ 4２
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１１０

１ｺ.０
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Ｉ９Ｏ

Ｉ６１Ｄ

Ⅲにr1％’ にr1％}

72.05 71.65
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Fig.９．Figurcandgr叩hofaccuracyrate

The1℃fb1℃,weconside正dtheaccuracyrate・Strictlyspeaking，

80％isinsufficientfbrpracticaluse、However,agoodresult

isinprospectwhendesignedfilterisusedindailylifb

suchasshoppingmallordepaI1mentstore，TnbleVand

Fig,９presentstheaccuracyrate,whichdividesthedistance
fromthewallendpointEP(卯,Iﾉ)＝(6.35.9.58).Thistable
showsthatthefilterhasstrongeffectsasseparatefiromER

Consequently,theiiltercanbesaidtobesufficientlyeffective，
exceptattheboundary、

１Ｖ、ＣｏＮｃＬｕｓＩｏＮ

Ｔｈｅｒｅｓｕｌｔｓｏｆｔｈｉｓｓｔｕｄysuggesteffectivewaytoimprove
theestimatedpositionbywirelesssensorsusingthedesigned

filte凪Furthermore，wedemonstratedthatthedesignedfilter
iseffective,Althoughseveralproblemssuchasnoisemodels

andcorTecmessaroundtheboundaryrEmain，thedesigned

filtercanbeofpracticalbenent・
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