1 Description Title of Invention INFORMATION PROCESSING DEVICE, PROGRAM, INFORMATION
PROCESSING METHOD AND INFORMATION PROCESSING SYSTEM Technical Field [0001]
Embodiments of the present invention relate to an information processing device, a program, an
information processing method and an information brocessing system. Background Art [0002]
Recently, a receiving device that can receive a wireless signal transmitted from a satellite is equipped
on a movable body, such as a vehicle, a mobilP§BRE%Nd the like. Global positioning system (GPS)
positioning enables estimation of the position of the movable body equipped with this type of receiving
device. A position estimation technology that uses this type of receiving device is a common basic
technology that is important in a variety of fiéltl¢ ifdmidinganavigation, security, entertainment and the

like. [0003] F p%ﬁgﬁw@m%@gﬁqq&aﬁﬁgmﬁﬁ W}Xc}n{éﬁlireless terminal

that performs wireless communication wit ase stafioh (an access poin a wireless local area
network (LAN) mBREWES A BigRdLnte0sin baIdGOoR MATION @R HOHIBENGIIBIESEHMse station, and a
position estimation device that can communicate with the wireless terminal estimates the position of
the wireless terminal based on the signal intensity. For example, the wireless LAN base station
transmits a beacon at a constant frequency (leckexiample]dive times per second) to notify a
surrounding @88 if the existence of the wireless LAN base station. The wireless terminal transmits the
signal intensity f1 he beacon to the position estimation device. The position estimation device can
estimate the positionEzbodiments of the present invention relate to an information processing

device, a program, an information processing method and an information processing

system,

Background Art
[0002]

Recently, a receiving device that can receive a wireless signal transmitted
from a satellite is equipped on a movable body, such as a vehicle, a mobile phone
and the like. Global positioning system (GPS) positioning enables estimation of the
position of the movable body equipped with this type of receiving device. A
position estimation technology that uses this type of receiving device is a common
basic technology that is important in a variety of fields including navigation, security,
entertainment and the hike.

[0003]

Further, a position estimation method is also conceivable in which a
wireless terminal that performs wireless communication with a base station (an
access point) of a wireless local area network (LAN) measures a signal intensity of a
signal transmitted from the wireless base station, and a position estimation device
that can communicate with the wireless terminal estimates the position of the
wireless terminal based on the signal intensity. For example, the wireless LAN base
station fransmits a beacon at a constant frequency (for example, five times per
second) to notify a surrounding area of the existence of the wireless LAN base
station. The wireless terminal transmits the signal intensity of the beacon to the

position estimation device. The position estimation device can estimate the position



of the wireless terminal based on the signal intensity and the position of the wireless LAN base station
that is registered in advance. With the above-described position estimation method, the wireless LAN
base station is provided also in indoor or undergrorljzgd environments. Therefore, it is possible to
perform position estimation in indoor or underground environments, which is difficult using the position
estimation technology based on the GPS positioning. [0004] In this type of position estimation
method, wheRfdhsswireless frgungirereed ?@th%%E@%‘é@éﬁhtYrﬁado@?dlﬂ?@B%ﬁﬁ8%8 r&irglsonly the
latitude and lengifusle.afitie piraless-termingl ipuimise.informatian insiceting aMpich flagsgf the building

or structure the user is currently on is important. For example, Patent Document 1 discloses a
technology incfiimehicnwireleed tEimiitriasabirds Wishafahan diipeosidoteitsss Signdrotramsmitted

from a pluralify, of base StaHians.ALLA PeSRR.ASIMtARSANE SlmASS RIS HIslsss terminal
exists on the floor of a base station that is a transmission source of a wireless signal with a strong
signal intensity. [0008] Oftatisteigumdtermviicaratnts [0006) Patehifiqitanses JAO0B51H00617 (A)
Summary of Iy '9 ‘[ecgggi %L,% %Q!ie QQ%@S However, the known position estimation
technology simr@%é&m%tes, % seé on %ﬁe curr'enlpgigérﬁa(ﬁl\ﬁl\{rll ensity, the floor on which the wireless
terminal existl0PhErefore, it is necessary to accurately register, in the position estimation server, the
floor on which each of the b{';\se sttation exists, [d008 %}ﬁrgceﬁsing method and an inf?rmation

. I 1ASs c O OSIEEOT] CSLMaton INCtnod, wWiel usg}l* Calfrgl a \EVII‘G €85 L.
processing system which are‘novefand improved, and which are capable of estimating a position of a
wireless termiaratbiimb ibyitdsegt an strocidie gove stbemnea pasitidy thidatihnbasedtatigitidetioé building or

structure is nqt accurately registered in advance.. . .. .. . ot e
AR TTe12ss Yerm a&, ut also information indicating which floor of the building or

structure the user is currently on is important. For example, Patent Document 1
discloses a technology in which a wireless terminal measures signal intensities of
wireless signals transmitted from a plurality of base stations, and a position
estimation server estimates that the wireless terminal exists on the floor of a base
station that is a transmission source of a wireless signal with a strong signal intensity.
{0005]
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[0006]
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Summary of Invention
Technical Problem
[0007]

However, the known position estimation technology simply estimates, based
on the current signal intensity, the floor on which the wireless terminal exists.
Therefore, it is necessary to accurately register, in the position estimation server, the
floor on which each of the base stations exists.

[0008]
Embodiments of the present invention provide an information processing

device, a program, an information



Solution to Problem [0009] According to an aspect, there is provided an information processing
device comprising: a storage portion that associates and stores section information indicating one
section of a building structure, first measurement information acquired by a signal intensity _
measurement of a wireless signal, the wireless signal being transmitted from a surrounding base
station in a wireless terminal of the one section, and base station identification information that
identifies the surrounding base station; a receiving portion that receives, from a given wireless
terminal, at leastQim piecaRfsasand.maasuiemanbioiernation acaited &y a-sigaakintagsity
measurement of a wireless signal in the given wireless terminal, and at least one piece of base station
identification iRitHedicRhEREHcBBYR SRl BF A BRATIESB R S I e B vl dBssignal
received by the;givpnovitelesstesninakibe Atieasbrns Riggewkbasqisiationidentification information
being associated with each of the at least one piece of second measurement information; a retrieval
portion that réHfeREs, ifrah ReuEtEiAge POLieHh medasedne piece of first measurement information that
is associated with the at least one piece of base station identification information received by the
receiving portion; a selection portion that selects section information associated with one of the at least
one piece of firdvivadedirablent information, the selection being based on the at least one piece of
second meaﬁtg nt information received by the receiving portion and the at least one piece of first
measurement information retrieved by the retrieval portion; a transmitting portion that transmits, to the
given wireless terminAkdieiseckominipertaticaresalectedtiby theiskisnticonpadiansiapdiarievaluation
portion that ev(?lu%‘s?f% an gc&uisitign Epgégioqﬁggagg%schipesbeg\ﬁv e%pees ais:ég Igt one. Ooieggo%f first
measurement information and the af [éast one piece 6F second measurement in ormné]tlon, the
evaluation beimfjc@inpasedastthe bt aklivpetpictecof fissresasemsmientinfotoatisquretdeved by the
retrieval portigp. AGdian sReand TRasHEEER! difeonalpRassagialed Wikie sama hagg,station
identification information as the at least one piece of first measurement information, the second
measurementt iBRIHSH S Being o ARbb eidaEiPBsE ofitcsicieiatisatb ehth prezsstreiingnt

informa_tion r%@i%@%tﬁiﬁaﬁe@&’éﬁi@ﬁcﬁﬁéﬂo%f@ﬁﬁéﬁ%mﬁa@i@&ﬂ@ﬁeﬁ’qﬁ@rbéﬁlﬁﬁi&ir@aﬁ%?eo” an
evaluation result by the evaluation portion, section information associated with first measurement

information, tH&tH&t ATESRNRERME IR 6P nifog L Sl HTSkEs fermHBas dfdRshPRformation,
wherein, for gaede ofthesatdaastpagpiaaenf irsbreaskremegnirsafoipation sigliigveagbyihe retrieval
portion, the evaluation portion calcrlates, based n the first.rr%%asurem.enfainfczimalﬁion a first distance
between an éﬁﬁ?ﬁ%fﬁmeﬁo iV BFIFR ePR Estie SRR BRSO Rtk B 5{SAYr 88 responding
to the first meastrenfichdsin feratiatioijentiBeaiiyfoindaciaabiheral tatst onebpiecetadice cohd
measurement information receivefdg the [eceivin partion dﬂ%e %\]/aluation bor ion alculaltes, based
ansmission source, of thée. wireless signil' recejve C LIVCII WIFCICSS 1Tl
on the second measurement information, a second distance betweefi an acquisition posﬁlbn of the

second mea@hmﬁ_@aﬁimmﬁ&ﬂqwﬁb@am@lﬁm&ﬁ@t@éﬂ@n@m@m mmse?@mrdméasinhement
information, whareipdhe exaluation,potionsadds the st disiance anditne secod 4isiansg, where the

first distance and the second distance are associated with the same base station identification

information, dhef \iefEries tHECSe| SedicroprEti P EEIBcta! skatoRmafaivretioh frat cBERSEREMY to the first

distance that;Ras-aninindmsSuidvaldg wiemthe: WBQ@;@%@@%@ phiainashhydhaigvaiidgation portion
is added to the first distance. [0010] The information processing device may further include an

evaluation 4PEHTBATHAIEFRGAMRYS D BGHEHP P FFEEiShEAH Betiit A ¢Rls 81988t one piece

of first measurgmentitfosmatiatangithecatlegstipnetpiess ohseshnd Feastemaniiaiemmation,
based on theéﬁ least one piece of fijrst e.asuri:()emeéﬂ infq mation retrieved hy the rfetrieval portion, and
on second mEHSHREHht BnfSIHTHABN THRGs WESGcife itk tHEASh MBS AL S ttlorGtittification
information asthevadrdeast:oenpidon aickirstdrisateramgningiormtiaticndamonddhe aideastcone piece of
second meas nt informatign. received by the receiving portion. .-The selection portion may select,
based on an SRR R TR B A Lo o et ST e A S s
measuremenpémfemthtiomatisatifor sl gaven Qiveldsssronkn tesiacioe minfornatictlsteh that the
acquisition pasjtign relatianzhi deesi e Uishmeszyisment inlPuvatiarend heasran
measurement information is relatively good. [0011]

position relationship between the at least one piece of first measurement information

and the at least one piece of second measurement information, the evaluation being



For each of the at least one piece of first measurement infonnation retrieved 15 by the retrieval
portion, the evaluation portion may calculate, based on the first measurement information, a first
distance between an acquisition position of the first measurement information and a base station
corresponding to the first measurement information. For each of the at least one piece of second
measurement information received by the receivingzportion, the evaluation portion may calculate,
based on the 20 second measurement information, a second distance between an acquisition position

of the secong, mepsyramentinformAtisn andrahass sialiumenTrInensing tethe seasndhmeasurement

information. The evaluation portion may add the first distance and the second distance that are

calculated baSEEEHH MEHIBL 6 L5 PSFREATHOTRHETIEN AnP ML ar s el irkiniis: SA%F mation that

are associateghitinthe R2-sarpaibasarstatienidentificatinadniermationof fiessalegtigampaition may
select section information that corresponds to the first distance that has a mi imurP sum value when
the second diS{aHEE OBt NP R LTSRS BETDATS YRS %Bﬁ%%@ﬁ at leashiiton the
retrieval portisiacetievesnd pledaliyneimpizdemoliinstalinedsyrdneatdviommationhahargrassociated
with the sameiabas§ %tationritdentif' a%ior% infarmation al % tthe same.se tiggvia%);{tri%atioor}ﬁg}le evaluation
portion may & ?’rﬁ% e B an af\%lrgfégcvsalu“és% M VaIGeE orine irstdistances and the second distance
calculated basetoan théophatadity ofspicetsl ofifitbt Misasuremmartinformetionaissocidkediingth the same
base station (deiicaian IIBIMANAT AR e s SERHONRIMAIRARRAAN NG ARERAT
measurement iformation. The selection portion may select section information that corresponds to a

piece of the firbernizasorensbrtfitifornkashotapiscesrh e thpurenepalinigionaponisianedthat has a
smallest averagenalle on 2 Spaliss! S ¥eliB9 1 3drion ThEINREMation progeasingdevice may

further include’ a priority processing portion that performs processing such that, as the number of
pieces of secHEASHIFERATAGBIPHREGMa e BTt HHESHAE BER S BB demBRE KR htBh F&ton is larger,

the section infoipiationds sefsstad withariositybydhenselacippaaition 1104} meadiisalesed herein is
a program that causes a computer to functiofE %'sﬁ: a receiving portion that receives, from a given
wireless termiHI 2t 184sBlEHle 8 ofAde Shd HicHstifsmErT iR MaloHREGuIPSABTFEIGRal intensity

- measuremenix@snwtieless sigiabin the giceivinirelessde)iniizatandisbleastitnie pikedaafpase station
identification info(riiyatiotn that ind&cates a base tstla 'orrrln o[ia transsmig%i(?n source f %Q%ewirgllless signal
received by tR%SB &h W%Ié%%oflermr?ﬁgftgﬁgl?ﬁat L ALeBEAred With eacf‘iu of e at least one piece of
second measurgrisaitrinforttiationf dhretseveid artiontbatHfrom@storageandedilmsthatatissociates and
stores Sec“oﬁdpr‘éo?gé‘ﬁ‘é‘;%” Ipdicaling, ong 31%%%9@;; &P%‘?ﬂ}ﬂﬁﬁf&ﬁt%e dé% MRAUHMARY information
acquired by signa ntens‘cﬁy measurement of a wireless signal transmitted from a surrounding base
station in a wielees wddnithal Esdsdistpneernndteeswsnon, Arfarsaswbesticheideritidicinss Mdrmation that
dentifies the flaseeionLEHEY SR AL ISaR ARG RIFEP BldIrshieasiitermanbinfRisationdhiat is
associated with the at least one piece of base station identification information received by the

receiving poriRfiraalidectivd pehgeTinhEes sfet Sb ABHIRSREIO b HdssBafien Wi one of the

at least one piggesphiifst ersurRMeRtintermating: hasedandheuat least onBcRieke @lspeond

measurement infolination received by the . L .
distance obtained by the evaluation portion is added to the first distance.



6 receiving portion and the at least one piece of first measurement information retrieved by the
retrieval portion; and a transmitting portion that transmits, to the given wireless terminal, the section
information selected by the selection portion. [0015] Disclosed herein is an infoimation processing
method, including the steps of receiving, from a given wireless terminal, at least one piece of second
measurement information acquired by signal intensjfy measurement of a wireless signal in the given
wireless terminal, and at least one piece of base station identification information that indicates a base
station of a trﬁﬂﬁr@jssion source of the wireless signal received by the given wireless terminal and that
is associated with each of the at least one piece of second measurement infoiniation; retrieving, from a
storage medium that 488 SIATERUATHERSRSSIRE R SrfsNELGS  HAkIlG R sval4@in of a building
structure, first measurement information acquired by signal intensity measurement of a wireless signal
transmitted from a surrounding base station in a wireless terminal existing in the one section, and base
station identification information that identifies the base station, at least one piece of first measurement
information that is associated with the at least one piece of base station identification information
received in the receiving step; selecting section information that is associated with one of the at least
one piece of first measurement information, based on the at least one piece of second measurement
information received in the receiving step and the at least one piece of first measurement information
retrieved in the retrieving step; and transmitting, to the given wireless terminal, the section information
selected in the selecting step. [0016] Disclosed herein is an information processing system that
includes a wireless terminal and an information processing device. The wireless telininal includes: a
wireless signal receiving portion that receives a wireless signal transmitted from a base station; a
measurement portion that perfoims signal intensity measurement of the wireless signal received by the
wireless signal receiving portion; 7 and an information transmitting portion that transmits at least one
piece of second measurement information acquired by the signal intensity measurement of the
wireless signal performed by the measurement portion, and at least one piece of base station
identification info' lllation that indicates a base station of a transmission source of the wireless signal
and that is associated with each of the at least one piece of second measurement infolination. The
information processing device includes: a storage portion that associates and stores section
information indicating one section of a building structure, first measurement information acquired by
signal intensity measurement of a wireless signal transmitted from a surrounding base station in a
given wireless teiminal existing in the one section, and base station identification information that
identifies the base station; a receiving portion that receives, from the information transmitting portion of
the given wireless terminal, the at least one piece of second measurement information and the at least
one piece of base station identification infoimation; a retrieval portion that retrieves, from the storage
portion, at least one piece of first measurement information that is associated with the at least one
piece of base station identification information received by the receiving portion; a selection portion
that selects section information that is associated with one of the at least one piece of first
measurement information, based on the at least one piece of second measurement infoimation
received by the receiving portion and the at least one piece of first measurement information retrieved
by the retrieval portion; and a transmitting portion that transmits, to the given wireless tenninal, the
section information selected by the selection portion. [0017] Disclosed herein is an information
processing system that includes a wireless tel minal and an information processing device. The
wireless terminal includes: a wireless signal receiving portion that receives a wireless signal
transmitted from a base station; a measurement portion that performs signal intensity measurement of
the wireless signal received by the wireless signal receiving portion; an input portion to which section
information indicating one section of a building structure is input by a user; and an information
transmitting portion that transmits at 8 least one piece of second measurement information acquired
by the signal intensity measurement of the wireless signal performed by the measurement portion, and
at least one piece of base station identification information that indicates a base station of a
transmission source of the wireless signal and that is associated with each of the at least one piece of
second measurement information. There is provided a receiving portion that receives, from the
information transmitting portion of the wireless terminal, the at least one piece of second measurement
infoimation, the at least one piece of base station identification information, and the section
information; a storage portion; and a recording portion that associates and records in the storage
portion each of the at least one piece of second measurement information, the at least one piece of
base station identification infoonation associated with the second measurement information, and the
section information that are received by the receiving portion.



Advantageous Effects of Invention [0018] As described above, according to embodiments of the
information processing device, the program, the information processing method and the information
processing system, it is possible to estimate a position of a wireless terminal in a building or structure
even when a position of each base station in the bﬁyilding or structure is not accurately registered in
advance. Brief Description of Drawings [0019] [Fig. 1] Fig. 1 is an explanatory diagram showing an

example of a conf'%ur%tion of a Qosition estimation system ac orcg)in% fo a present embodiment. [Fig. 2]
. . a 1 That avajuates an ac S xencp(}s he] Y%ﬁtlon 33 elween e at etast one . .
Fig. 2isa block lagram showing a hardware configuration Ot & position estimation server. [Fig. 3] Fig.

3 is a function Igieck diagrstnmshewingrtonfigmaitionstof the posiisnwstimattonisesvardand a wireless
teiminal that arg,included,in,apasiion estimatiopsystem: Lacoaiding:ta.hepiesepigmbodiment. 9

[Fig. 4] Fig. 4 is an explanatory diagram schematically showing a cross section of a certain building or
structure. [Fig. BEERGAETs FOExHanstdhy FEgiEm sbihg &K eRanipiendr Si§ARFHtEHsity information
that is acquirediiy:sigha! iMeRs-MeasHEMRNLAE RO sitiom RieB{Figi®] hig:Baisansexplanatory
diagram showirgg a?zex?mple, of apoog informatié)ng f?glrig}rgggn screen thia‘t ist%enerated by a display
screen generatloenE’lpof"’r%lsor(f%’“TI‘-pfge.ceﬁﬁx]I Fgfr’?ﬁs?geéﬁn exiB a'naatéry’ éla%%rlnes o%vafng%gbeégific example of
reeistration requestioformetionethattistfamnsiitte cefroreaitey mivbitecterminabdidhe pdisition P.

selection portion may select, based on an evaluation result by the evaluation portion,
section information associated with first measurement information that forms a pair
10 with second measurement information such that the acquisition position relationship
between the first measurement information and the second measurement information
is relatively good.
(0011}
For each of the at least one piece of first measurement information retrieved
15 by the reirleval portion, the evaluation portion may calculate, based on the first
measurement information, a first distance between an acquisition position of the first
measurement information and a base station corresponding to the first measurement
information.  For each of the at least one piece of second measurement information
received by the receiving portion, the evaluation portion may caiculate, based on the
20  second measurement information, a second distance berween an gcquisition position
of the second measurement information and a base station corresponding to the
second measurement information.  The evaluation portion may add the first distance
and the second distance that are calculated based on the first measarement
informatior and the second measurement information that are associated with the
95  same base station jdentification information. The selection portion may select
section information that corresponds to the first distance that has a minimum sum
value when the second distance obtained by the evaluation portion is added thereto.
[0012]
Whén the refrieval portion retrieves a plurality of pieces of first
30 measurement information that are associated with the same base station identification

information and the same section information, the evaluaiion portion may compute



10[Fig. 7B] Fig. 7B is an explanatory diagram showing a specific example of registration request
information that is transmitted from the mobile terminal at a position P2, [Fie. 7C] Fig. 7C is an
explanatory diagram showing a specific example of registration request information that is transmitted
from the mobile terminal at a 15position P3. [Fig. 71)] Fig. 7D is an explanatory diagram showing a
specific example of registration request informationsthat is transmitted from the mobile terminal at a
position P4,  [Fig. 8] Fig. 8 is an explanatory diagram showing a specific example of a set of base

20station infopmatign dhatimtegisterad aAstQRae: PRFIOR;: Halthed] AHig- BdS RREPIGRILY diagram
showing a specific example of measurement information that is transmitted from an information

acquisition p6AiBHath pasloAPshe PlRTalit0|Higieerts ah Exilaaasky ansgtai ORBAY a specific
example of afgpevallatipnumethody AHis iR AURHALR RROIAR I 1 Bitheldisian

explanatory diagram showing specific examples of distance evaluation by the distance evaluation
portion. [Fig. 2qTmgtian pd saqienseseidgrapsshondny iafooparation flbw siesEqositidieestimation

system according e presentsmapdiment SAEGIA 9% 1348 8w gharshawinaa detailed
flow of estimation processing that is performed by the position estimation server, 10 Description of
Embodiment&jfoorpafion that is computed by the evaluation portion and that has a smallest
average value or a smallest sum value.
[0013]

The information processing device may further include a priority processing
portion that performs processing such that, as the number of pieces of section
information associated with the same base station identification information 1s larger,
the section information is selected with priority by the selection portion.

[0014]

Disclosed herein is a program that causes a computer to function as: a
receiving portion that receives, from a given wireless terminal, at least one piece of
second measurement information acquired by signal intensity measurement of a
wireless signal in the given wireless terminal, and at least one piece of base station
identification information that indicates a base station of a transmission source of the
wireless signal recetved by the given wireless terminal and that is associated with
each of the at least one piece of second measurement information; a retrieval portion
that, from a storage medium that associates and stores section information indicating
one section of a building structure, first measurement information acquired by signal
intensity measurement of a wireless signal transmitted from a swrrounding base
station in a wireless terminal existing in the one section, and base station
identification information that identifies the base station, retrieves at least one piece
of first measurement information that is associated with the at least one piece of base
station identification information received by the receiving portion; a selection
portion that selects section information that is associated with one of the at least one
piece of first measurement information, based on the at least one piece of second

measurement information recetved by the



Hereinafter, preferred embodiments of the present invention will be 5 described in detail with reference
to the appended drawings. Note that, in this specification and the drawings, elements that have
substantially the same function and structure are dﬁlnoted with the same reference signs, and repeated
explanation is omitted. [0021] 10Note that "embodirnents to carry out the present invention™ will be
described in the following order.  [1] Qverview of position estimation system according to present

embodiment eCeVIngrH5iRG;| 8 ipfa Attt b sitisce SinfibAngretrT et s Bighesent 15
embodiment fenldJdarsware sanfiguratien.af Ragitiopsstitnatiensanvar deml Ragistiationyef floor

information [2-3] Estimation of floor information _ [3] Operation of position estimation system
according to BrederisireHiaHnretie sectipl inkrmadihodezo] pr] besrleriestarivh system
according to ffreés&nt embodiment First, a position estimation system 1 according to a present

embodiment will 25be briefly described with reference to Fig. 1 and Fig. 2.
Disclosed herein is an information processing method, including the steps

of: receiving, from a given wireless terminal, at least one piece of second
measurement information acquired by signal intensity measurement of a wireless
signal in the given wireless terminal, and at least one piece of base station
identification information that indicates a base station of a transmission source of the
wireless signal received by the given wireless terminal and that is associated with
each of the at least one piece of second measurement information; retrieving, from a
storage medium that assoctates and stores section information indicating one section
of a building structure, first measurement information acquired by signal intensity
measurement of a wireless signal transmitted from a surrounding base station in a
wireless terminal existing in the one section, and base station identification
information that identifies the base station, at least one piece of first measurement
information that 1s associated with the at least one piece of base station identification
information received in the receiving step; selecting section information that is
associated with one of the at least one piece of first measurement information, based
on the at least one piece of second measurement information received in the
receiving step and the at least one piece of first measurement information retrieved in
the retrieving step; and transmitting, to the given wireless terminal, the section
information selected in the selecting step.

[0016]

Disclosed herein is an information processing system that includes a
wireless terminal and an information processing device. The wireless terminal
includes: a wireless signal receiving portion that receives a wireless signal
transmitted from a base station; a measurement portion that performs signal intensity

measurement of the wireless signal received by the wireless signal receiving portion;



[0023] Fig. 1 is an explanatory =gram showing an example of a configuration of the position estimation
system (information processing system) 1 according to the present embodiment. As shown in Fig. 1,
the position estimation system 1 30 according to thf? present embodiment is provided with a
communication network 12, a position estimation server 20, base stations 30A to 30C, and a wireless
terminal 40. 1 1 In Fig. I, in order to djstinguish each of the base stations; capital alphabetic

characters a4 J8eSHEAHNE SHHEMIINFHEURM A HOHALS StdaBTiC3BRIS6RIHE S er, when

there is no negdde-paticularbrdistinouish.aaghsf ke haseastatienscfhaware sinaply @neheollectively
referred to as the base station(s) 30. 5[0024] The base station 30 relays communication between

communicatiBAeEHicasH Al asd P aiRseresan 8 MOk Ep RN 136 Isa @ seRiSReTT Baifrelay
wireless commyication#RMEAN SIGIRS A RIERAAQ and AROIBRIWiKGIess,igmingl fnot shown in

the figures) that are within a radio wave reachable range, and can also relay 10 communication
between the siEtess taerfiialea saerbhasdHinUnsiaatsms fedhsachot Shhale IRPARESS the base

station 30. Mre 3pegificallvr-dhe hars.slalion 30MeviS-Alasesirilonaf switelssnlacakarea
network (LAN) based on the Wireless Fidelity (WiFi) standard, may be a base station of the Global

System for MoisitgCornn nleitisrec{@S\)dosimey (st basBstivn orBRaE o incIBI0RS] The
pase station B0 L e o b T reiecs
communicatiorafirerbesconasignaldaschiges &dbssatéstdtivoniDeserving dio dseecsstaion ideatification
information 2Qthat is;uiquely as3ipned o dhe Rase AANAD I BRMRLGAS &eEstiiuBRsed on

information that identifies the base station; a recetving portion that receives, from the

information transmitting portion of the given wireless terminal, the at least one piece

of second measurement information and the at least one piece of base station

identification information; a retrieval portion that retrieves, from the storage portion,

at least one piece of first measurement information that is associated with the at least

one piece of base station identification information received by the recetving portion;

a selection portion that selects section information that is associated with one of the

at least one piece of first measurement information, based on the at least one piece of

second measurement information received by the receiving portion and the at least

one piece of first measurement information retrieved by the retrieval portion; and a

transmitting portion that transmits, to the given wireless terminal, the section

information selected by the selection portion.

[6017]

Disclosed herein is an information prolcessing system that includes a

wireless terminal and an information processing device. The wireless terminal

includes: a wireless signal receiving portion that receives a wireless signal

transmitted from a base station; a measurement portion that performs signal intensity

measurement of the wireless signal received by the wireless signal receiving portion;

an input portion to which section information indicating one section of a building

structure is input by a user; and an information transmitting portion that transmits at



the base station ID of the received beacon signal, the wireless terminal 40 can confirm the existence of
the base station 30 that exists in the surrounding, area. [0026] The wireless terminal 40 can transmit
and receive various types of data 25 based on wireless communication controlled by the base station
30. For example, the wireless terminal 40 can receive content data from a content distribution server
(not shown in the figures) via the base station 30, and can transmit and receive electronic mail to and
from another wireless terminal (not shown in the figures). Note that the content data may include

music data sygRiamEbiels 811esiHiR, AANRAERRESATRL ISk VLA Jgle: SUERas§ Motion

picture, a television program, a video program, a photograph; a painting; a diagram, or the like, and
any other dafBSatiERREH Hathfe vauHesara copltmerivancy b gy measukganhaeriirrignd, & mobile

phone is illusgated as,an examplefihe wialessderinal At Honaven rvarslassdaipinal 40 is not

limited to this example. For example, the wireless terminal 40 may also be a personal computer 5

(PC), a hom@ﬁm@@nﬁméé%iﬁgua@/}&eﬂea Wﬁéé&%r@@ﬁéﬂéé%@??f@ﬁ%mﬂh@?@ Péﬁé@nql
Handyphone Sygiem (FBR). & Meble.Gisin playkack deyies,a npPileryideo pracesying device, a

personal digital assistant (PDA), a home game console, a mobile game console, a household electrical
appliance, orr¢etlike (8oL 1DFUrvery owhdrpthethvirelbgsion fatdrdvedypsriwirefes signal
transmitted fr, | ireless termi m a 'gngl intensity of the
wireless sign\gﬁ%aff%? g@?@%@s}g ?h%qrﬁé@a%ﬁé lseicg%nﬁzgr%t%%ﬁ% \?\ﬁ?ﬁ%ﬁg&é@ﬁaﬂgﬁ IL'DQ%% ta[%e base
station 30, thizesbyrteasmittifhgie assgnidkrii@nsityrinidomation terthéhpositiom esfimatiomserver 20 via

the network 12. Note that.the ne&work 12.is a 15 Wil’%%?l’ WireIeEss transmission c%gan el of information

transmitted ot BeR AL ol S T ERRATR L5 PR RERorhcL May inciude, forexample, the

Internet, a telephioneavhtuiatic & ptabtiomcirpigitcsotChcamd satallitpmeamntunicatiorn thetwaekstany kind of

local twork.(LAN).including Eth t istered trad k), ol dli twark, h
wite arca natHork (S9ARD o arf UG BYOTACb RS DAt R B G BR oo

measurement information, and the section information that are received by the

receiving portion.

Advantageous Effects of Invention
10018]

As described above, according to embodiments of the information
processing device, the program, the information processing method and the
information processing system, it is possible to estimate a position of a wireless
terminal in a building or structure even when a position of each base station in the

building or structure is not accurately registered in advance.

Brief Description of Drawings
[0019]
[Fig. 1] Fig. 1 is an explanatory diagram showing an example of a configuration of a
position estimation system according to a present embodiment.
[Fig. 2] Fig. 2 is a block diégram showing a hardware configuration of a position
estimation server.
[Fig. 3] Fig. 3 is a function block diagram showing configurations of the position
estimation server and a wireless terminal that are included in a position estimation

system 1 according to the present embodiment.



[0029] The position estimation server 20 stores base station information including position
information and the base station ID of each of the base stations 30, and has a function to estimate the
position of the wireless terminal 40 using, for example, the 25 triangulation principle; based on the
signal intensity information received from the wireless terminal 40 and on the above-described base
station information. The position estimation server 20 notifies the wireless terminal 40 of position

information indjcating.the above-described.est C d iti he wirel ingl 40 can thereby
e Ahove: i g4 positian. The wireless Jerming

recognize the A%?it%gng%%forﬁaal%igx %afnt t%r%eﬁrgl}r%a?tsefgaNot&%at tﬁ§130posﬁion estirﬁation server 20

can respond toceripostidfinsstiiatiivrtequest not only from the wireless terminal 40 hut also from a

plurality of othegwirgless terminals (A0, d3eram BdbiRMANNGKACCATdIRGIhaBresent
embodiment, the wireless terminal 40 performs signal intensity measurement_ of the wireless signal

transmitted froff ERBGH SBhBiATHESE S SEm BH NI AR P HERElf8Ment result to the position
estimation serveig20] Tlaus jdtais poBsibletdiageuirddhipasitiamisitormation offitheabterminal itself
[0031] (Background of presentembodiment) , . Here, the position.information may be information
indicating a twé?aﬁgﬁé%h"ggﬁg nptt(%gliﬁ%ﬁ?nseﬁ% aAabs} t%cég_%t% Ut e% sgln%? Snglltuge??ﬁét does not include a 10
height directioriFlcceiifitgly, 7thesvire|esalaesionn liapaexishnging & caraircbefamde ofistructure can

acquire, from the, positionstimation.sesven20, Resitioninfesmation.efthe-huilding efstructure, or the
name of the building or structure when the position information and the name of the building or

structure are a888ERREY and stored in the position estimation server 20, 15[0032] However, if not
only the name gfigherbuitdingrer siraactuseimamdichitieawiretessnterminatidd existpidut also which
section in the bulding, or stclre.the wirelgss eminaldd eisisis asearainedyihe wireless
terminal 40, the Wireless tétminal 46 'can provide a user with guidance In accordance with a floor, for
example. position P2.

[Fig. 7C] Fig. 7C is an explanatory diagram showing a specific example of
registration request information that is transmitted from the mobile terminal at a
15 position P3.
[Fig. 7D] Fig. 7D is an explanatory diagram showing a specific example of
registration request information that is transmitted from the mobile tenminal at a
postiion P4, 7
[Fig. 8] Fig. § is an explanatory diagram showing a specific example of a set of base
20 station information that is registered in a storage portion.
[Fig. 9] Fig. 9 is an explanatory diagram showing a specific example of measurement
information that is transmitted from an information acquisition portion at a position
P3.
[Fig. 107 Fig. 10 is an explanatory diagram showing a specific example of an
25  evaluation method by a distance evaluation portion.
[Fig. 11] Fig. 11 is an explanatory diagram showing specific examples of distance
gvaluation by the distance evaluation portion,
[Fig. 12] Fig. 12 is a sequence diagram showing an operation flow of the position
estimation system according to the present embodiment.
30 [Fig. 13] Fig. 13 is a flow chart showing a detailed flow of estimation processing that

is performed by the position estimation server.



20Therefore, causing the wireless terminal 40 to ascertain floor information indicating the floor of the
building or structure is practically important. [0033] | order to acquire the floor information, a
technology that uses UPS, for example, is conceivable. However, since it is difficult for a navigation
message 25 from a UPS satellite to reach indoor or underground locations, the use of the UPS in a
building or structure is difficult In addition, even if bh altitude (above sea level) of a receiver can be
measured by the GPS, it is necessary to ensure that: (1) a relationship between the altitude and
each floor of each building or structure is stored in a database; and 30(2) an estimated error of the
altitude is sufficiently smaller than the Reighpafreeidfnfiodintfoisexample, approximately Im). [0034] 14
To address thi (}B}({)i]ght of the foregoing circumstances, the position estimation system 1 according to
the present embodiment has been created. With the position estimation system 1 according to the

present embodiment, it RESHEEEHIETHEESHNEISINE FHSiTON BF tRE el BLEX&MifAl 48Fin a building or

structure, whileddacsivaplifying.a troublesame aparmtignotipieiregisikationHearginaftgls the position

estimation system 1. according, to the prese temb%dimer]t will be dtﬁscribed in etqil. 0035] [2]
. ngﬁl cauon anfr:} & arawings, clements that hﬂ"ﬂa: sunstaniia The same NCLE
Detailed explanation of position estimationsysteim according 10 préesent embodiment 10The present

embodiment is sulighlytotassifiechindoydhrégistratiodestagesigns, and repeated explanation is
omitted.
[0021]
10 Note that “embodiments to carry out the present invention” will be
desgeribed in the following order.

1 Overview of position estimation system according io present
embodiment

[2] Detailed explanation of position estimation system according to present

15  embodiment
[2-1] Hardware configuration of position estimation server
[2-2] Registration of floor information
[2-3] Estimation of floor information
(3] Operation of position estimation system according fo present
20  embodiment

T4] Conclusion
(06221

[1] Position estimation system according to present embodiment

First, a position estimation system 1 according 1o a present embodiment will

25 be briefly described with reference to Fig. 1 and Fig. 2.
[0023]}

Fig. 1 is an explanatory diagram showing an example of a configuration of
the position estimation system (information processing systern} I according to the
present embodiment. As shown in Fig. 1, the position estimation system |

30  according to the present embodiment is provided with a communication network 12,

a position estimation server 20, base stations 30A to 30C, and a wireless terminal 40.



which the position estimation server 20 registers the base station information including the floor
information; and an estimation stage in which the position estimation server 20 estimates the floor
information of the wireless terminal 40 based on the registered base station information. Therefore, in
the description below, after 15 explaining a hardware configuration of the position estimation server 20
included in the position estimation system 1 according to the present embodiment, the registration

stage and the %ﬁ“ﬁ"ﬁ?}“?ﬂsﬁt%%fowh&%gﬁgﬁﬂf%a@t@%@”%&% sperifically,gxplained.{0036] 20[2-1]
atl

Hardware confi%ur on of position estimation server Fig, 2 is a block diagram showing a hardware

configuration oFtAEPBSIHSHELENED IS ENEFal: FhéBIRforPE R TatiBi eerEr 20%s provided with a
central processiagvenit, (RN 201s soread anyrheindyyHiROM)PO2hafdrdom aetess memory (RAM)

203, a host bu%%?%masi%%geaeﬁdgQéfe%gv%ﬁ%ﬁ%éaLeg A% gNgHges g 207, an input device 208, an

output device 210, a stora evice (HDD) 211, a drive and a communication device 215. [0037]
The CPU 201 fiiiféfibns as an arithmetic processing device and a control device, and controls an

overall operation withirrtheesitian estimation semvgr 20130 ascardanarwih #akieys programs.
Further, the CPU 201 m%¥ Hegl micrapracessor, The M 202 stores rograms operation parameters
%);/thl 19( n relay wirgless

and the like that aré is8 P2 iqrﬁ{élr??ﬁ/lt 0%} Sn%%%?gn 3} sfores 5rggra?ns that are used in
execution 15 bythev@Roa0Eparatetdrsithateaped gharslyehbrige il aiidassseltion, and the like.
These are mutyally.connegieebyihe.bestbys 204 thakis-ferned-ofa GRUusandsthe like,
10 communication between the wireless terminal 40 and a communication device that is
connected by wire to the base station 30.  More specifically, the base station 30 may
be a base station of a wireless local area network (LAN) based on the Wireless
Fidelity (WiFi) standard, may be a base station of the Global System: for Mobile
Commaunications (GSM), or may be & base station of Biuetooth, .
15  [0025]

The base station 3G can pericdically transmit a beacon signal to notfy
surroundings of the existence of the base station 30, in addition to a signal that is
transmitted when the base station 30 relays wireless communication. The beacon
signal includes a base station ID serving as base station identification information

20  that is umquely assigned to the base station 30, for example. As a result, based on
the base station 1D of the received beacon signal, the wireless terminal 40 can
confinm the existence of the base station 30 that exists in the surrounding area.

{00261

The wirgless terminal 40 can transmit and receive various types of data

25  based on wireless communication contrelied by the base station 30. For example,
the wireless terminal 40 can receive content data from a content distribution server
{not shown in the figures) via the base station 30, and can fransmit and receive
eglectronic mail to and from another wireless terminal (not shown in the figures).
Note that the content data may include music data such as music, a lecture, a radio

30  program, or the like, visual data such as a motion picture, a television program, a
video program, a photograph, a painting, a diagram, or the like, and any other data,

such as a game, software, or the like.



[0038] 5The host bus 204 is connected, via the bridge 205, to the external bus 206, which is, for
example, a peripheral component interconnect/interface (POI) bus. Note that the host bus 204, the
bridge 205 and the external bus 206 need not necessarily be formed separately, and these functions
may be implemented on a single bus. 10[0039] | The input device 208 is formed by input means for
inputting information by the user, an input control drcuit and the like. Examples of the input means
include a mousgaskeyboard, a touch panel, a button, a microphone, a switch, a lever and the like.
The input control circuit generates an input signal based on input by the user, 15 and outputs it to the

CPU 201. By operating‘thi Piut'diice S080aH RSt A Bith S Bsitici e iMaiidn server 20 can
input various typesiat dataitaitdé. pdsitarvaestim atiorse nvem 2] of (givenan linstedctiorhsf a processing

operation. [0040), The outpt device 210, inglides. forexamplea,disnlay.device Spoh.as a 20 cathode
ray tube (CRT) display device, aliquid crystal dlsplay (LCD) device, or an organic light emitting display

(OLE)) device &Ffd' e85, ARy &Fperieies Gatist @dvide StrEs e e ket ahihaH&adphone. The
output device 24Qsesipuis played Sackeomen], onexampleiMatespecitically : thelisplay device
displays, as text.or imageg.h\c{adrg%tés t%/,ges of informatio ed back vide dgta On the other

f.info S pl
p g B e R e e .

25hand, the auvloe%BfButSde?/ice con ; ( ]
[0041] The storageidevive 219ls alvewbeldoiastontguieacant iBedtkactured as an example of a
storage portion;gfthe position estimation server 20 according to the 30 present embodiment. The

storage device 211 may include a storage medium, . . . .
9 10 iyunr}wr, wihen the wxge?ess termanal %O recaives o wireless signal transmitted

from the base station 30, the wireless terminal 40 measures a signal intensity of the
wireless signal, and associates the measured signal intensity with the base station 1D
of the base station 30, thereby transmitting it as signal intensity information 1o the
position estimation server 20 via the network 12. Note that the network 12 s a
15 wired or wireless transmission channel of information transmitted from a device
comnected to the network 12, The network 12 may include, for example, the
Internet, a telephone network, a public circuif such as a satellite commumication
network, any kind of local area network (LAN) including FEthernet (registersd
trademarls), or 2 leased line network, such as a wide area network (WAN), or an
20 internst protocol-virtual private network (IP-VPN). |
[0029]
The position estimation server 20 stores base station information including
position information and the base station 1D of each of the base stations 30, and has a
function to estimate the position of the wireless ferminal 40 using, for example, the
25  triangulation principle, based on the signal intensity information received from the
wireless terminal 40 and on the above-described base station information. The
position estimation server 20 notifies the wireless terminal 40 of position information
indicating the above-described estimated position. The wireless ferminal 40 can
thereby recognize the position information of the terminal itself. Wote that the
30 position estimation server 20 can respond te a position estimation request not only
from the wireless terminal 40 but also from a phurality of other wircless terminals.
[0030]



recording device that records data in the storage medium, a read-out device that reads out data from
the storage medium, a deletion device that deletes the data recorded in 16 the storage medium, and
the like. The storage device 211 is formed by a hard disk drive (HDD), for example. The storage
device 211 drives a hard disk and stores programs, executed by the CPU 201 and various types of
data. Further, the base station information to be described later is recorded in the storage device 211.

5[0042] The drive R12iissaseadarivweier fouthe-staragaunpdism candiisiisceraesated in or
externally attacg(?d 19 the %)osi}iortle es;[imation server, t0. The drive Zirlt% reads qut inf%rmation recorded
in an attached ma%erﬁé)tr' d fao}f)ltlégl ﬁi@ﬁa&ﬂﬁ%‘%’ﬁgfo }'ce)'p icaf gk ar T E Pemovable §torage medium
24 such as a semicortuctmsensmony ;1.0z09d ioutputs thedaformatioresoitie RANMO2E31[0043] The
communication.devige 21a.s @Cf?oWHQ{Q%QEE?}S}WJ%%P@{H??ﬂ%’ﬁ%ﬂix@f&ﬁam%&chat'on device etfc.

to connect with the communication network 12, for example. Further, the communication device 215
may be a WireldE€8B¥4S5Hea 15 network (LAN) compatible communication device, a wireless USB
compatible com@iifiication device, or a wired communication device that performs communication by

wire. The communicati%&%ygﬁgd%%ér%%m%&%gﬁc_:eives various types of information, such as

signal intensity information, floor information, position informatiot and the like, to and from the Wireless
terminal 40 via the 20 ESHAMURICRETATERHFIIID. [DBR4ENBIETREthe KaFearé doiffigurationthe
position estimatipgsesrer 2Qitson, descrbekk abovaewith neferenee doFige? nilardwasesof the wireless

vl 4o B OIS e YRRl e e g o0 g srson sene 20
building or structure can acquire, from the position estimation server 20, position
information of the building or structure, or the name of the building or structure
when the position information and the name of the building or structure are
associated and stored in the position estimation server 20,

15 [0032]

However, if not only the name of the building or structure in which the
wireless terminal 40 exists, but also which section in the building or structure the
witeless terminal 40 exists is ascertained by the wireless terminal 490, the wireless
terminal 40 can provide a user with guidance m accordance with 2 floor, for example.

20 Therefore, causing the wireless terminal 40 to ascertain floor information indicating
the floor of the budlding or structure is practically important.
[0033]

In order to acquire the floor information, a technology that uses GPS, for

example, is conceivable. However, since it is difficult for a navigation message

25  from a GPS satellite fo reach indoor or underground locations, the use of the GPS in
a building or structure is difficult.  Tn addition, even if an altitude {above sez ievel)
of areceiver can be measured by the GPS, if 1s necessary to ensure that:

(1) a relationship between the altitude and each floor of each building or
structure is stored in a database: and

30 (2} an estimated error of the altitude is sufficiently smalier than the height of
each floor (for example, approximately 1m).

[0034]



[0045] [2-2] Registration of floor information Next, registration of the floor information in the
position estimation system 1 according to the present embodiment will be described with reference to
Fig. 3 to 30Fig. 8. [0046] 17 estimation server 20 and the wireless teniinal 40 that are included in the
position estimation system 1 according to the present embodiment. As shown in Fig. 3, the position
estimation server 20 is provided with a communication portion 216, a base station information

management portion 2g0..a:sterage pertin224, anda-pesition:a.inferpatiqReestimation portion 238
that includes a retrieval portion 232, a _distance evaluatiqglog,ortio 234, a floor estimation portion 236

and a position ATBRAASHOR SERmATBA DB AS S8 LU HHET TR Asfe B PeFiRiHAl 40'1% provided with a
communicationtpgrtionos k8t aafneasureme atpottiard 20 recsksptaysérsen, genexatibiy portion 424, a

display portioné%@aﬁ&@@@;gﬁmgmg #3232 FegistrationTeauast10,partian,43G:and an information

acquisition portion 440. [00 The communication portion 416 of the wireless terminal 40 is an
interface with tR&"BHSE &tAtN RO TP e FaLTo A SEhiTF4HGA KB T PO AT HAS BPRHiR%ion as a
transmitting postiomsaind g yeseiing@dadianie ptesans etiinignamnd wit biving ssdatig<bitypes of
information to af Jgr m the base station 30 or the position estimation server 20. For example, the
communication portion 416 receives, from the base station 30, a wireless signal including the base
station ID of the base $tafits3o! PuiReEIOHE BoTHNUPIERABATTOMIR 216 AR EhNeT the position
estimation servgrrdiregistration request information that will be described later.

14 The present embodiment is roughly classified into: & registration stage in
which the position estimation server 20 registers the base station information
including the floor information; and an estimation stage in which the position
estimation server 20 estimates the floor information of the wireless terminal 40 based
on the registered base station information. Therefore, in the description below, after

15  explaining a hardware configuration of the position estimation server 20 inchuded in
the position estimation system 1 according to the present embodiment, the
registration stage and the estimation stage of the floor information will be
specifically explained.

[0036]
20 {2-11 Hardware configuration of position estimation server
Fig. 2 is & block diagram showing a hardware configuration of the position
estimation server 20. The position estimation server 20 is provided with a central
processing unit (CPUY 201, a read only memory (ROM) 202, = random access
memory {(RAM) 203, a host bus 204, a bridge 205, an external bus 206, an interface

25 207, an input device 208, ar output device 210, a storage device (HDD) 211, a drive
212 and a communication device 215
[0037]

The CPU 201 functions as an arithmetic processing device and a2 contro!
device, and controls an overall operation within the position estimation server 20 in

30  accordance with various programs. Further, the CPU 201 may be a microprocessor,
The ROM 202 stores programs, operation parameters and the like that are used by

the CPU 201, The RAM 203 temporarily stores programs that are used in execution



20[0048] Note that the communication portion 416 may have a wireless communication function
that is defined by Institute of Electrical and Electronic Engineers (IEEE) 802. | la, b, g, and the like.
Further, the communication portion 416 may have a multiple input multiple output (MIMO)
communication function that 25 is defined by IEEE 802. 11n. Furthermore, the communication portion
416 may have a communication function that corresponds to Worldwide Interoperability for Microwave
Access (WIMAX) mlanmec by Heai80R 146 .[0049]Ehecmeasiementpetioard 2B leasures a signal

intensity of a witeless 30 signal received, by, the comm iqcﬁgtog portian 416.from the base station 30.
-For example, t Fidasirement porfioh 0 acquires signa in%ens]ﬁ’y information Shown in Fig. 5, by

performing sigrizl itensity measurement at a position Pl shown in Fig. 18 4. [0050] Fig. 4 is an
explanatory diafg@g schematically showing a cross section of a certain building or structure. More

specifically, Fig. 4 shows the cross section of a 5 6-story building or structure, and the base station 30
is installed®n each flobi ot Buttiny P RHTEwrE. %g{éerr%%é}?hﬁéeb%égnéalf%g é%A is installed on

the 1st floor of thexbliildilog erstrlctargsthechbasestation 308 isinstatediare th-2ndufloor, the base
station 30C is i&aﬁ@'tﬁ& o the3rchflogr, the hase.staton, 30 isinstalledongheth flgor, the base

stations 30E and 30F are installed on the 5th floor, and the base station 10306 is installed on the 6th
floor, 2nd floor hecessarily be formed separately, and these functions may be implemented on &

single bus.
16 [0039]
The input device 208 is formed by input means for inputting information by
the user, an input control circuit and the like. Exampies of the input means include
a mouse, a kevboard. a touch panel, a bution, a microphone, a switch, a lever and the
like. The input control circuit generates an input signal based on input by the user,
15 and outputs it to the CPU 201. By operating the input device 208, an administrator
of the position estimation server 20 can input various types of data to the position
estimation server 20 or give an instruction of a processing operation.
[0040]
The output device 210 includes, for exampie, a display device such as a
20  cathode ray tube {CRT) display device, a liquid crystal display (LCD) device, or an
organic light emitting display (OLED) device and a lamp, and an audio output device
such as a speaker and a headphone. The output device 210 owutputs played back
content, for example. More specifically, the display device displays, as text or
images, various types of information such as played back video data. On the other
25 hand, the audio output device converts the played back audic data ete. to audio and
outputs it.
00411
The storage device 211 is a device for storing data, and is structured as an
example of a storage portion of the position estimation server 20 according to the
30 present embodiment. The storage device 211 may inciude a storage medium, &
recording device that records data In the storage medium, a read-out device that reads

out data from the storage medium, a deletion device that deletes the data recorded in



[0051] Fig. 5 is an explanatory diagram showing an example of signal intensity information that is
acquired by signal intensity measurement at the position PIl. Note that, in this specification, for
convenience of explanation, the base station ID is 15 the same as the reference numeral of each of
the base stations 30. For example, in this specificiaétion, it is assumed that the base station ID of the
base station 30A shown in Fig. 4 is 30A. [0052] As shown in Fig. 4, the base station 30D is installed on

the 4th floor thatds«2R dhe.same fippmasithe positiomnbl darddhe hase-statign.30¢ igdopstalled on the

3rd floor that is the fl (rRl}el w the positign P1. The base stations 30E % OF are installed on the 5th
floor that is the V(?r(glg:) ef e"ﬁ%’é‘ﬁ%n Igpﬁeasﬁ(g%ﬁ% jase Szilaﬁié%vgf) %%qs At %F’ﬁf‘% 6th floor. Here,
the signal intengityrefthexwiretbss digrialtransmitedufrom machodfdhe bavalstatiznsa80 is attenuated as

the distance begomes, #,0reales vE HthEhedNArASeWhCIEhera J.ansebstasie, such as a wall, a floor

or a ceiling, between the wireless terminal 40 and each of the base stations 30, the signal intensity of
the wireles$ sidﬂg‘pt}ansmitted from each of the base stations 30 deteriorates because the wireless
signal reaches the wird@lesg-iermina 46:-aftermbeinfpdiffracteddhydfierabstaclénosrpattially passing

through the obsfacle, 30190531, .q MAIE RECHICYAS,SHoWN B Figy 540 signaljptensity of the

: : ¢t . . )
wireless signal transmitted from the base Station 30D, which is installed on the 4th floor that 19 is the

same floor as tHet peitieHio sewHichithaiierdsd s 46'exdstsals ¥l5 PumageiPhich is a highest
value. Meanwhilgii dheisignaldntensityet thewirelessisignakdransnsitechiidmdhe dase, station 30C,
which is pr%vided viatthte tfllloorfwithtres%et%jét}%ﬁ:tjq/wac)sition PI at which the wireless terminal 40 exists, is
"- 67 dBm'l, 5 aeﬁlél ﬂ:‘femsl@ngli?n?gﬁ%ﬁ?ﬁis lower COr‘ﬁﬁared to the wireless signal transmitted from the
base station 30[994A a similar manner, the signal intensities at the position P1 of the base stations 30E,

30F and 30G, which arg,pravidediviaamahstagieivith.resparhivdhe Lesition: Rl raigtower compared
to the wireless signal transmitted from the base statio,g}3OD. 10 00541i§ Here, configuration of

the wireless terfifaP T WHFBE Y SEEALES 40 ST PEt PSRBT B Pfﬁ?&%&tg?fosrcreen generation
portion 424 gereratgis. vatiotisitythes:ahdisplajiscreens, 2iid maudesahedispldycporion 428 to display
the generaied display SETERNSEQLAR UG IR iSpIavsaeengrastation PostighidR4
communication  device, or a wired communication device that performs
communication by wire. The communication device 215 transmits and receives
various types of information, such as signal intensity information, floor information,
position information and the like, to and from the wireless terminal 40 via the
20 communication network 12.
[0044]
Note that the hardware configuration of the position estimation server 20 is
described above with reference to Fig. 2. Hardware of the wireless terminal 40 can
be configurad to be substantially the same as that of the position estimation server 20,
25  and an explanation thereof is therefore omitted.
[0045]
[2-2] Registration of floor information
Next, registration of the fioor information in the position estimation system
1 according to the present embodiment will be described with reference to Fig. 3 to
30 Fig 8.
[0046]

Fig. 3 is a function block diagram showing the configurations of the position



15 generates a floor information registration screen and a guidance screen etc, that corresponds to
floor information acquired by the information acquisition portion 440. The display portion 428
corresponds to the output device 210, which has been explained with reference to Fig. 2, and displays
the various types of display screens generated by .the display screen generation portion 424.
Hereinafter, a specific 20 example of the floor information registration screen that is generated by the
display screen genesatiagrpartiond2hangisdisgiayed anithe displaydportiond2&wih be described
with reference to .Fi% 6.£9~55 Fi%. 6dis,a_n &xplranﬁa}{ogxlgiggr%@ Sll%"‘g"% a?n%amplﬁe()f the floor 25
information regﬁ%% 51 &E7EeN tha Ofslaéﬁ%ra?é)de E)y ]the oﬂsp?ay screen genera‘tl%nj’portion 424. The
floor informatioprsisigistreitionisrrearridhiscreedad wilhistanrimthicapositoticstihationrsserver 20, the

floor informatiog. af eagh, ofthe Dasestatiops3Q that is ysadatdhrtime offiopr.estimation of the
wireless terminal 40, and it is generated based on a u%ser operation, for exaF[]naglg. 30[0056] More
e

specifically® as SHBHRHIAT BIGE He ABBRI nfdrmESH 1egir SHoT S FdERAine S¥i55r input area 52,
a building/structutieaiameoitiputzarea Shoarsianti2) WKbulldh £6. Thesfioor inpub@rea 52 is an area to

nput the floor (yel e Whish Beareigss teaing 40 cuusniy exste. fhdiaetah e wireless

terminal 40 can input the floor to the floor input area 52 by operating the operation portion 432. Note
that, in Fig. 6, 4 CABETSHEBIEAN T \hich B e RetHe bt A PIZFeGTETR &°BTBB information.
Therefore, an gxamplesis shownjnwhichd2thaflagerisdnputdonthecflace fiammecinpuuasea 52. [0057]

The bundlﬂg/structuge;%ggamnfg mri)r%rar{s%ﬁog%dima‘ﬂ%eao 9 Input the name of the building or structure in

which the WirelBZs $8rina currently exists. user of 10 the wireless teintinal 40 can input the
name of the buifihg or structure to the building/structure name input area 54 by operating the

operation portion 432.-ppte thatnit:Fig. fri-cane isrshowndrswhishink Kduilding'sisdaput to the
building/structure name input areg 54. The OK bus'gctont56 is a buj ogngohgﬁogfgrr&sgrel content input to the
floor input area’52 AP B BIEIng AR K ARe TR &Fes 52 | .

transmitting portion and a receiving portion for transmitting and receiving various
15 types of information 10 and from the base station 30 or the position estimaiion server
20, For example, the communication portion 416 receives, from the base station 30,
a wireless signal including the base station ID of the base station 30. Further, the
communication portion 416 iransmits, fo the position estimation server 20,
registration request information that will be described later.
20 [0048]

Note that the communication portion 416 may have a wireless
communication function that is defined by Institute of Electrical and Electronic
Engineers (IEEE) 802. 11a, b, g, and the like. Further, the communication portion
416 may have a multiple input multiple output (MIMO) communication function that

is defined by IFEE 802. 1in. Furthermore, the communication portion 416 may

S
o

have a comymunication function that corresponds to Worldwide Interoperability for
Microwave Access (WIMAX) planned by [EEES02. 16
[0649)
The measurement portion 420 measures a signal intensity of a wireless
30 signal received by the communication portion 416 from the base station 30. For
example, the measurement portion 420 acquires signal intensity information shown

in Fig, 5, by performing signal intensity measurement at a position P1 shown in Fig.



15[0058] Note that, in the above description, the floor information is used as an example of
section information that indicates a section of the building or structure. However, the section
information is not limited to this example. For example, the section information may be information that
shows the name of a room (room 301, 20 conferﬁgce room, reception room or the like) that is defined
by an obstacle, such as a wall, even if being on the same floor, or may be a user organization (SSS
Co., Ltd., TT diyision, UUU store). Further, although the building is used as an example of the building
or structure in the above description, the building or structure is not limited to this example. For
example, the b&mf’l% or structure may be a subway 25 station yard, an attraction facility (in this case,
a haunted house, a cafétetis, & VWHkares dhgrthe dikenaredssshvet as thessectian dfformation), a

Shinkansen traip, (in, i§ 355, & GatagenYmbeLis assyned ag thesegiion nformation), or a elven

man-made object such as a ship. [0059] 30The operation portion 432 is an interface for the user to
input variodis typesTafitaiaaticHsrianst s/ pres Srinatidaonstsding GrreIded ternal 40. As
described abougilfigsUusetcan-cause heslisplay sereenigenerationposion 424 fonad generate the

foor in-formeatiop seqisiyation soreen by operating thg operalion porfion 43¢, and, ogp Jnput floor
information, such as the fi6or name and the building/structure name, on the flGor information
registration scre&ehGO60F instaliyghen te3OKlbtitts BBiskakecion byimalisserrofiatérfloor information

registration scrgghy, thepegisiiationdeauesipion:436 irensmitsithe fegistratinfegyest information
input onto the flogr infor a(siion regé' tr tior;;)s%f?en, including the floor name, the name of the building
i ?‘i 2

or structurd, antt thi SAAGARRS Of “to the position estimation server 20 via the
communicationi{grtion 416. Fig. 7A 10shows a specific example of the registration request
information. [0061] Fig. 5 is an explanatory diagram showing an example of signal intensity
information that is acquired by signal intensity reasurement at the position PI.
Note that, in this specification, for convenience of explanation, the base station ID is
15 the same as the reference numeral of each of the base stations 30.  For example, in
this specification, it is assumed that the base station ID-of the base station 30A shown
in Fig. 4 is 30A.
[00521
As shown in Fig. 4, the base station 30D is instalied on the 4th floor that is
20 the same floor as the posiﬁon P1, and the base station 30C is installed on the 3rd
floor that is the floor below the position P1. The base stations 30E and 30F are
installed on the 5th floor that is the floor above the position Pl, and the base station
30G is installed on the 6th floor. Here, the signal intensity of the wireless signal
transmitted from each of the base stations 30 is attenuated as the distance becomes
25  greater. Further, in a case where there is an obstacle, such as a wall, a floor or &
ceiling, between the wireless terminal 40 and each of the base stations 30, the signal
intensity of the wireless signal transmitted from each of the base stations 30
deteriorates because the wireless signal reaches the wireless terminal 40 after being
diffracted by the obstacle or partially passing through the obstacle.
30 [0053] |
More specifically, as shown in Fig. 5, the signal intensity of the wireless

signal fransmitied from the base station 30D, which is installed on the 4th floor that



Fig. 7A is an explanatory diagram showing a specific example of the ion request information that is
transmitted from the mobile terminal 40 at the position Pl. As shown in Fig. 7A, the registration request
portion 436 associates 15 the signal intensity information (first measurement information) acquired by
the measurement portion 420 at the position P1 V\ii h the floor information of "KK building" and "4th
floor", and transmits the associated information to the position estimation server 20 as the registration

request informatian. Notesthat the. measiemantReRtian 42RMay.ise ieselestion of the OK button
56 by the user on 20the floor information registration screen as a trigger to_perform signal intensity

measurement. [B062] "7 Big? PRI e and B S SRowWERE SHEERAM Jiss SFY8istration request
information, simitaidy tenkigtiddAfrdMoreSpacifiedty, ¥iQ. 7Hds anpexplathatenySdmgidm showing a

specific exampl}_% Q Jggiﬁgreaéig%ﬂigg%eg Mﬁmﬁ‘éi%éﬂﬁ itg%%§%t@gp@dbgm%mm terminal 40 at a

position P2. Fig. bl Is an explanatory diagram showing a specific example of registration request
informationfthat?s ths MBI IR RGP RE i RE 20 i5tess ssrti ST et BSg. 7D is an
explanatory diagifamshawing aispesiit.exampleie segistiationise quastinianmationB0that is
transmitted from the mobile terminal 4 a position P4, [0063] 22 wireless.signals are transmitted
from the same %Sé?es%}tg |5ﬁoét%,g§%%%q ?n%n%’%cégs are’ léﬂ}[fé:{regﬁlﬁ%%&é%%%o?égr% S(gn%ing on whether
being on the satiwerflgteait on Bdistemerafedrie SxchisbsiisarNsasshited e @b oo description, an
example is desgrihgd4wvhich the registration request information includes signal intensity 5
information as an example of measurement information. However, the present embodiment is not
limited to this e;(%%ﬁle. For example, instead of the signal intensity information, the registration request
information may includE«ikstancesiinformation hetwedrthemugliition positionsf theisignal intensity

information and,eacL.atdhe Rass stations 3Q; he, distance JfprmAtanBeing.eglipated from the signal
10intensity information by a method described later. . . ,
various types of display screens, and causes the display portion 428 to display the
generated display screens.  For example, the display screen generation portion 424
18 generates a floor information registration screen and a guidance screen efc, that
corresponds to floor information acquired by the information acquisition portion 440.
The display portion 428 corresponds to the output device 210, which has been
explained with reference to Fig. 2, and displays the various types of display screens
generated by the display screen generation portion 424. Hereinafter, & specific
20  example of the floor information registration screen that is generated by the display
creen generation portion 424 and is displaved on the display portion 428 will be
described with reference to Fig. 6.
[0055]
Fig. 6 is an explanatory diagram showing an example of the floor

information registration screen that is generated by the display screen generation

| ]
&

portion 424, The floor information registration screen is a screen to register, in the
position- estimation server 20, the floor information of each of the base stations 30
that 1s used at the time of floor estimation of the wirgless terminal 40, and it is
generated based on a user operation, for example.
30 [0056]
More specifically, as shown in Fig, 6. the floor information registration

screen includes a floor input area 52, & building/structure name input arez 54, and an



[0064] Here, Fig. 3 will be explained again. The communication portion 216 of the position
estimation server 20 is an interface with the wireless terminal 40, and has a function as a tmnsmitting
portion and a receiving portion for transmitting and 15 receiving various types of information to and
from the wireless terminal 40. For example, the c%nmunication portion 216 receives from the wireless
terminal 40 the registration request information shown in the group of Figs. 7. [0065] The base station

information mapagementHOrtan 220 perferms 20 manasement efbase gletigr:iriaimation, such as
registration of new baze statign inﬁ{grmatio& into theﬁégra e lon, 224, and_update, modification and
n

0
doletion ete. of Hie RS SAHBR HOTHETBH FEutEter ol TR SIEFAHE 5o BR 534 (Bhould be noted
herein that the lxgse thtafiom infokmation:iginformatidry that-inclhdespforgachofithedBase stations 30, a

base station 'DNB%S&EEQr‘iﬁ'}*%”@?ﬁ%%é?ﬁ%!@ﬂﬂéﬁ%%ﬁi&%@9&@%%8%}1&5‘91%%&%1%@9@90“ at which the

base station is installed, signal intensity and floor information, [OC Note that, instead of signal
intensity, the baS8 SEERBHE IO rmERTEH FiaftifERTRe 45 AR distdifde HOtRREN 18 SRR intensity
acquisition positiefiand=at 3Qwnstallation position of the base station 30, the virtual distance being
estimate_d from@@r}il ir_lt_ensity. The virtual Qistance between_the signal intensity acquisition po_siti_on
and the installation position of the base station 30 can be estimated by, for 23 example, substituting
signal intensity into EX%M@J%@We[W]npm area 54 is an area to input fhe name of the
building or structure in which the wireless terminal 40 currently exists.  The user of
10 the wireless terminal 40 can input the name of the building or structure fo the
building/structure name input area 54 by operating the operation portion 432, Note
that, in Fig. 6, a case Is shown in which “KK building” is input to the
building/structure name input area 54. The OK button 56 is a button to confirm the
content input to the floor input area 52 and the building/structure name input area 54.
15 [0058]
Note that, in the above description, the Hoor information is used as an
example of section information that indicates a section of the building or structure.
However, the section information is not limited to this example, For example, the
section information may be information that shows the name of a room (room 301,
20 conference room, recepiion room or the like) that is defined by an obstacle, such as a
wall, even if being on the same floor, or may be a user organization (58S Co., Ltd.,
TT division, UUU store).  Further, although the building is used as an example of
the building or structure in the above description, the building or structure is not
limited fo this example. For example, the building or structure may be a subway
25  station vard, an attraction facility (in this case, a havated house, & cafeteria, a VVV
area and the like are assumed as the section information), & Shinkansen train (in this
case, a carriage number is assumed as the section information), or & given man-made
obiect such as a ship.
[6059]
30 The operation portion 432 is an interface for the user to input various types
of information or various types of instructions to the wireless terminal 40, As

described above, the user can cause the display screen generation portion 424 to



[Expression 1] Estimated distance = 10(e-Ar" i)(Expression 1) 5[0068] In Expression 1, A and B
are constants, and rssi indicates signal intensity. For example, when A = 32, B = 25 and signal
intensity = - 80 dBrn, the estimated virtual distance between the signal intensity acquisition position
and the installation position of the base station 30 can be calculated to be 83 m. The signal intensity
10 significantly depends on whether or not there ig'an obstacle, and the estimated distance calculated

by the above Exprassion. %,&qurf&%a%%ﬁ%g@md;p&e@g%\yi%@&ﬁg%@b@&%@ﬁggomwever, the
estimated distance calculated by the above Expression 1 serves as an index indicating a condition of a

communication pathBE &R TR sigAN] iftERSE) Teqiisitiors pdkitidhy Ande iféthion position of the
15base station 30ldj8@&8}cture fearcexarplmolt iednnbei evalyateddhat;«as. the estimated distance
calculated by tllgoggjove Expression | is smaller, the communication path between the signal intensity
acquisition position and the installation position of the base station 30 is in 20 a better condition, and
as the estifhated distart@edicutfteBB9ng dberiertedfre %ot i gihsatien tHEeBaMiunication path
between the signatiniensity-acquisiignspasitionasd thedsstatiationpasition efthe.base station 30 is in

a worse cond|t|onu&l&tgf‘fotlt}%qg%rilg:qlrgl\éeg)l%cg of e%%)lanatlon ‘E,}r%*%ie description below, it is assumed

= 3 I g .
that the base station information Icly es, Ins ead o%?aﬁ%f?ﬁ%e05|?§l,iﬁge%’§ |ﬁ% ed t I.stance that is
25calculated byltherasviEigsre ssicn THGOEOT strucyyhandribe cérmmipitHtion porom216 receives

registration requeskiptermationfen: thewwireless tesninahdlcihe.basedstatien info, tllation
erforms, addijtion, ,ugdate or theilii}ge of the base station information in 30 the

management pqrtion 2205 ) N, upd € ,
storage pc}ﬂionS 0% S ’%ﬁ’fﬁ?}%&ﬁ atio ‘é%?&e%@‘fﬁ ofATEH “For example, when the registration

request informadtieii shown in the group of Figs 7 is received from one or more wireless terminals 40,
the base station infomﬁg‘oeﬁmgnﬁg%%%tat&% diagram showing a specific example of the
registration request information that is fransmitted from the mobile terminal 40 at the
position P1.  As shown in Fig. 7A, the registration request porzion 436 associates
15 the signal intensity information (first measurement information) acquired by the
measurement portion 420 at the position P1 with the floor information of “KK
building” and “4th floor”, and transmits the associated information to the position
estimation server 20 as the regisiration request information. Note that the
measurement portion 420 may use the selection of the OK bufton 56 by the user on
20  the floor information registration screen as a igger o perform signal intensity
measurement.
[0062]
Fig. 7B, Fig. 7C and Fig, 7I) show specific examples of registration request
information, similarly to Fig. 7A. More specifically, Fig. 7B is an explanatory
25  diagram showing a specific example of registration request information that is
iransmitied from the mobile terminal 40 at a position P2.  Fig. 7C is an explanatory
diagram showing a specific example of registration reguest information that is
transmitted from the mobile terminal 40 at & position P3. Further, Fig. 7D is an
explanatory diagram showing a specific example of registration request information
30 thatis transmitted from the mobile terminal 40 at a position P4,
10063]

When referring to Fig. 7A to Fig. 7D, it can be confinmed that, even when



portion 220 registers a set of base station information shown in8 in the storage portion 224. [0071] Fig.
8 is an explanatory diagram showing a specific example of the set of 5 base station information that is
registered in the storage portion 224. As shown in Fig. 8, the base station ID, the estimated distance

and the floor information are associated with each_other in each piece of base station information. For
example, the base station information indicating fie base station ID "30C", the estimated distance "83

m" and the flooginformation :aih.flagris:base station infrmationmhat A0 issegistered based on the

registration request information at the position P2 shown in Fig, 7B. More specifically, this piece of
base station infBRHEHoRIRTRS LR ABRGHDE ML AT S5 L 8 B WAS Perdihed At a position
where the distangesfrofothehasgstation I0E was estimateddaiber§Ban, andthepiths measurement

floor was "Sth flgors, 15100721, 1, Nte hat, 25.50QWRinFigich iR-Agmalivythe base station 30C is

installed on the %Srcé‘ﬁqor. That is, in the present embodiment, the floor information registered as the
base statioh infofrratiomisnat rseeskanly eewmprEel HeuratonHotvEr adtoRifig o the present
embodiment, eygp.when:inagsuratedioer (20 infermatioris drelyde dinitdsipossibleitaarppropriately

estimate the floor on Whi?h the Wir%less terminal 40 %é,istsf], as will be des Hh%ddi&é]%é:%] Estimation of

. . S H ‘Trnat
floor informatioh* 107 31 OF e sther Fand, a method is also concelvable in which each of the base

25 stations 30 arervistiepaonfirtiedeadsilaedioom sfohnaigsn oTeseh BYeRBAiEaNed base stations

30 is registered, ig the position.estimation seet2andsssrenifinarisestimaiechased on the
registered floor information. However, it isdér ubI_Es(?tge'to visually confirm each of the base stations

30. In addtion, PHERETSHEREEM R AIEITBALASTIRE e stations 30 is installed in a location that

cannot be visu&ii§s8D confirmed. In comparison to this, the position estimation system 1 according to

the present embodimen s effestiya inthatinformation necessanie-assimaiadhe gurent floor can be
registered without visually corifirming each of the Base stations 30. 25 |
the position estimation server 20 is an interface with the wireless terminal 40, and

has a function as a transmitting portion and a receiving portion for transmitting and
15  receiving various types of information 1w and from the wireless terminal 40. For
example, the communication portion 216 receives from the wireless terminal 40 the
registration request information shown in the group of Figs. 7.
F0065]
The base station information management portion 220 performs
20  management of base station information, such as registration of new base station
information into the storage portion 224, and update, modification and deletion efc.
of the base station information registered in the storage portion 224. It should be
noted herein that the base station information is information that includes, for each of
the base stations 30, a base station ID, position information (the latitude and
25  longitude) indicating the position at which the base station is installed, signal
intensity and floor information. '
[0066]
Note that, instead of signal intensity, the base station information may
include a virtual distance between a signal intensity acquisition position and an
30 installation position of the base siation 30, the virtual distance being estimated from
signal intensity. The virtual distance between the signal intensity acquisition

position and the installation position of the base station 30 can be estimated by, for



[0074] Note that the storage portion 224 that stores the base station information shown as an
example in Fig. 8 may be a storage medium such as, for example, a nonvolatile memory such as an
electrically erasable programmable read-only memory 5 (EEPROM), an erasable programmable
read-only memory (EPROM), or the like, a magnetjc disk such as a hard disk, a magnetic material
disc, or the like, an optical disk such as a compagr’disc recordable (CD-R), a compact disc rewritable
(CD-RW), a digital yersaiiledisg (aadable DM R)-aligitabysssatie disc rewritable (DVDRW), a
dual-layer digital versatile disc recordable (DVD+R), a dual-layer digital 10 versatile disc revvritable
(DVD+RW), a (ﬂ@&ﬁ&] versatile disc random access memory (DVD-RAM), a Blu-raytm disc recordable
(BD-R), a Biu-rayTM disgnesdtable (BD-RE), or the like, or a magneto-optical (MO) disk. Further,
although the base statjon information. includessthe, posiion information indicating the latitude and
longitude of each of thggﬁgggés%%%%cg 33% descriptior@c% fﬁ%%lo@ﬁion information is omitted in 15 Fig.
S. Further, althB@§hlthe floor information can include not only the floor name but also the name of the
building or structure, sychas-Kk:building: @ deseription aholthe.name of:ihe building or structure is
omitted below. [0075] [2-3] Estimatiq flagr information 20Next, with.reference to Fig. 3 and Fig. 9 to
Fig. I, estimatiﬁﬁroﬁx%&eln%%éﬁéﬁgm h%o‘%oas?ég’ : %ﬁétiﬁ%ea ’i”’él\lﬁ sy""stﬁ\eﬂn? ﬁ{%li%ra?ﬁlgw%%he present
embodiment wilfrtsel deseribéd {0076} Irimad drtoses inute oo prsietiowt be thaslirédass terminal 40,
the position 25 estimationseiel2Q vsesthe.signalinensity fosmationsiahesnirgless terminal 40,
and the base sFatiQn information registered in the storage portion 224 th%ttigﬁdescribed in 12-2]

Registratiof of HEBFHAEERGIES B0 7FERE i Pe 48R, Thai AT SR A LLISHBA Portion 440 of the
wireless 30 terminatdd:iradasmitg fassadie dxintosimaticlhestimatiessrejumstcidreashiment information
(second measugment foumaranacguitee yaigns! RS MeasueBenkt e measurement

portion 420, to the position estimation server 20 N o
Expression 1 serves as an index indicating a condition of a commumcation path

between the signal intensity acquisition position and the installation position of the
15  base station 30
[0069]

For example, it can be evaluated that, as the estimated distance calculated
by the above Expression 1 is smaller, the communication path between the signal
intensity acquisition position and the installation position of the base station 30 is in

90 abetter condition, and as the estimated distance cajculated by the above Expression 1
is greater, the communication path between the signal intensity acquisition pesition
and the installation position of the base station 30 Is in a worse condition. Note that,
for convenience of explanation, in the description below, it is assumed that the base
stafion. information includes, insiead of signal intensity, the estimated distance that is

25  caleulated by the above Expression 1.

{0070}

When the communication portion 216 receives registration request
information from the wireless terminal 40, the base station information management
portion 220 performs addition, update or the like of the base station information in

30  the storage portion 224, based on the registration request information.  For example,
when the registration request information shows in the group of Figs 7 is received

from one or more wireless terminals 40, the base station information management



26 via the communication portion 416. The information acquisition portion 440 may periodically
transmit the measurement information of the floor information, or may transmit it based on a user
operation on the operation portion 432. Hereinafter, processing when the information acquisition
portion 440 of the wireless terminal 40 5 at a po?'t'on P5 shown in Fig. 4 transmits the measurement
information will be described as a specific example. Note that signal intensity information could be

used as the meassementifermations HAWAYES: s ShOWSH thbith 19 Fibesmeasuemeant information

may be information in,)\glpich the base station ID is associated with the distance between the

measurement p"8§tilﬁ8r7 and each of the base 10stations 30, the distance being estimated from the
signal intensity i¢fférmation. [0078] Fig. 9 is an explanatory diagram showing a specific example of

measurement informatien ihatds ansiikied o (o MiprmelionacquisiionRarien #40 at the
position P5 shown in Fig. 4. As shown in Fig. 4, the position 135 is located on the 4th floor. Therefore,
it may be cOnsibSfetieti aloautivmy iRt drith & HAL RIEE8T40D HstNEl Bn the same 4th
floor is shortestriklotele hageCcaseonis Alsobasstimeeddninhich anledtinfated -distance fsaam the base

Siation 30E Mstaledhan e weseall flaatisahoder A ssimaled disiange fqm he base station

30D installed on the same 4th floor, as shown in Fig. 9. This occurs when 20 the degree of
attenuation of tH¥ S§EalHEENETY BrdowiRiEsE oAl iesfofiBetneen e bdke StEHSH 30E and the

position P5, dugitarceiling matariatowhethetaonestheserissostainuelh andihedikeaalthough the
position P?Oand the.bas% gtati n 30E are located on diFerent flogégé OO.{. gﬁ E)‘I;Eferefore, even if
a [

g registers asca on 1he remistralion reguest miormat &l QSO Z mn .
accurate floor In%O ation IS reglis ered’in advance in eacﬁkoi‘o%e e stations %%rough compllcated

processing, whéig uding derretinod fratysithiplpiestintabes flsoihfofimatsnbisédion e base station 30
with the stronggghsignahifiensifiribisRreiciedthat flear informatnndiffereptdomaactual floor

information is likely to be estimated. In comparison to this, with the position 3Q estimation server 20
according to th&ﬁ%@é%ﬁt?%?ﬂt?g i e %’s%‘l%%éne%ﬁin%?é%é’%ﬁ%ﬂ?% “With%igh accuracy,
even when the Sign&ddritensity of the base station 30 installed on a different floor from the
measuremgnt p{@@'yg?n is strongest 27 and the estimated distance is shortest, Hereinafter, the position

atio erve 0 i o ) _ _ o
Note that, as shown in Fig. 4, in actuality, the base station 3GC is instalied

on the 3rd floor. That is, in the present embodiment, the floor information
registered as the base siation information is not necessarily completely accurate,
However, according to the present embodiment, even when inaccurate floor
20 imformation is included, it is possible 10 appropriately estimate the floor on which the
wireless terminal 40 exists, as will be described in “[2-3] Estimatior of floor
information”.
[0073]
On the other hand, a method is also conceivable in which each of the base
25  stations 30 are visually confirmed, accurate floor information of each of the instalied
base stations 30 is registered in the position estimation server 20, and a current floor
is estimated based on the registered floor informafion. However, it is troublesome
to visually confirm each of the base stations 30,  In addition, there is a case in which
each of the base stations 30 is instalied in a location that cannot be visually
30  confirmed. In comparison fo this, the position estimation system 1 according to the
present embodiment is effective in that information necessary o estimate the curent

floor can be registered without visually confirming each of the base stations 30.



that achieves such a function will be described in detail. [0080] When the communication portion 216
receives measurement information as 5 a floor information estimation request, the retrieval portion
232 of the position estimation server 20 extracts the base station ID included in the measurement
information, and retrieves the base station information that is associated with the extracted base
station ID from the storage portion 224. [0081] 10The distance evaluation portion 234 evaluates a
relationship betygan a current position and a registration position of the base station information,

based on the measurement information receive(%ﬁ/égg communijcation orti?gj 216 and the base
tion :

station information rethcved By the PatRR AT 58t SREEHEEifiE xS Bt°AREVAIuation method

by the distancahva_hmﬁmmmbﬂorimﬁg fuitlabéde sorilzednt Swithhrefeseficetanily. 406:§0082) Fig. 10
is an explanatory; dinoram showing A.5recific axample of the svaluation method,bydhe distance

evaluation portion 234. As shown in Fig. 10, an estimated distance ﬁa second distance) between a
current position And 2 Hasi® &atrbl POBORFIL'a GREM BaBraINp R b rakedisig expressed as d
(30i), the estimatgd-tistancesbieng ingliided, in themeasuremedikinfarthation recepied by the

communicationypertien &1%Suihek an ssipated Aisiance (el distanenl beess) a registration
p [

position Pj (j is a given number) and the base station 30i is ex ressed as d (301, PD, the estimated
distance being dretiideirdedisssecetdaion D5iRfSrhiatisHalatFedrte By tserréthieva Portion 232.Note
that, when the measuwmantdnRsmatieonandhebasestatiominfrmatiendncludes gignal intensity

signal ety FIHRANGH 9 e Bal e A A e o o TR o ictance.
evaluation portidy R3a4gdiferBis-valtulatiorc o 8GE xPressicnbbeidivitbatdsrspie§8hted using the
abovedescrib%@%@&%@ﬁ%}%’r @gg’g}’rlemnoptical (MO disk.  Further, although the base station
information includes the position information indicating the latitude and longitude of
each of the base stations 30, a description of the position information is omitted in
15  Fig. 8. Further, although the floor information can include not only the {loor name
but also the name of the building or structure, such as KK building, a description
about the name of the building or structure is omitted below.
{0075}
[2-3] Estimation of floor information
20 Next, with raference to Fig. 3 and Fig. 9 to Fig. 11, estimation of floor
mformation in the position estimation system | according to the present embodiment
will be described.
[6076]

In order 1o estimate a current fioor of the wireless terminal 40, the position

]
oF

estimation server 20 uses the signal intensity information in the wireless terminal 40,
and the base station information registered in the storage portion 224 that is
described in “[2-2] Registration of floor information”.
[0077]

‘For this reason, the information acquisition portion 440 of the wireless
30 terminal 40 transmits, as a foor information estimation request, measurement
information (second measurement information) acguired by signal intensity

measurement in the measurement portion 424, to the position estimation server 20



[Expression 2] 28 D(30i, Pj) = d(30i) d(30i, Pj)(Expression 2) [0084] Further, Fig. 11 shows
specific examples of D(30i, Pj) that are obtained by the calculation shown by the above Expression 2.
[0085] Fig. 11 is an explanatory diagram showing specific examples of distance evaluation
performed by the distance evaluation portion 234.-£s shown by Expression 2 and in Fig. i, the
distance evaluation portion 234 calculates D(301, Pj) by adding d(30i) and d(30i, Pj) that relate to the
same base statioia.z@tmm@&d&@h&i&%&ﬁce?@mﬂaﬁmﬁm&qﬁm}qaak@idat@tﬁ} anvglue of D(30C,

PI to be 55 m, by adding 30,1035 8l of A30G) 809 25, LR Ayl 8T AROC, P1). 0086

It should be notéd herein t at, when a registration position Px an current position are located on
the same floor dFPBasRstiOR BOyeIs PR EIEO8  EsCrEBRSoPoR GAIGE of BESBY%) becomes

relatively small. fhisdsrhegausaanesimaled disiancedseiwesn dhadegisteatiompesition Px and the
base station, 30y,t and an e éj ted dlSt nee, etvg%?g e currentnposmgn and the t%]a[?e station 30y
become sm%lle [60%}? ’55 ﬁﬁew%her h'and vhen 3 regmtratlon posl? m&v @nd the current position

described as a specific example. Note that signal intensity information could be
used as the measwrement information, However, as shown in Fig. 9, the
measurement Information may be mformation in which the base station ID is
associated with the distance between the messurement position and each of the base
10 stations 30, the distance being estimated from the signal intensity information.
[0078]
Fig. 9 is an explanatory diagram showing a specific example of
measurement information that is transmitted from the information acquisition portion
440 at the position P53 shown in Fig. 4. As shown in Fig. 4, the position P5 is
15 locaied on the 4th floor.  Therefore, it may be considered that an estimated distance
from the base station 30D insialled on the same 4th floor is shortest.  However, a
case is also assumed in which an estimated distance from the base station 30E
ingtalied on the upper 5th floor is shorter than the estimated distance from the base
station 30D instaled on the same 4th floor, as shown in Fig. 9. This occurs when
20  the degree of attenuation of the signal intensity of a wireless signal is low between
the base station 30E and the position P3, due to a ceiling material, whether or not
there is a stairwell, and the like, although the position P3 and the base station 30k are
located on different floors.

(6079}
Therefore, even if accurate floor information is registered in advance in

il
o

cach of the base stations 30 through complicated processing, when using a method
that simply estimates floor information based on the base station 30 with the
strongest signal intensity, it is predicted that floor information different from actual
floor information is likely to be estimated.  In comparison to tis, with the position
30 estimation server 20 according to the present embodiment, it is possible to estimate
the current floor with high accuracy, even when the signal intensity of the base

station 30 installed on a different floor from the measurement position is strongsst



are located on different floors and a base station 30w is installed on the same floor as either the
registration position PV or the current position, it is predicted that D(30w, Pv) is larger than D(30y, Px).
This is because, since the base station 30w is installed on a different floor from the registration
position Pv or the current position, 25 an estimatg:g distance between the registration position Pv and
the base station 30w, or an estimated distance bétween the current position and the base station 30w

becomes largegn§0R88intana Hisneintabriew, thedlecte anopparioniddbohasafunctionasa
30selection pogggtn tglat sele%ts 30imin. %Jggi;%)g}r%% t;lnag %Q? smallest value among D(30i. Pj) obtained

by the distance eva ulﬁﬁgsnsﬁ%r ion 254, W]Ien 061 eStimation portion 236 estimates that the floor

information regis®8féd at Pjmin is the 29 current floor information. [0089] More specifically, the

floor estimation portio 36 selests-REARnRLxZ0mk hatbasiba.smalestyalue ameng D(30i, Pj)

shown in Fig. Il. Then, the | L . _ .
5 a floor information estimation request, the retrieval portion 232 of the position

estimation server 20 extracts the base station ID included in the measurement
information, and retrieves the base station mformation that is assoctated with the
extracted base station ID from the storage portion 224,

f0081]

10 The distance evaluafion portion 234 evaluates a relationship between a
current position and a registration position of the base station information, based on
the measurement information received by the communication portion 216 and the
base station information retrieved by the retrieval portion 232, A specific example
of an evaluation method by the distance evaluation portion 234 will be described

15 with reference to Fig. 10.

[0082]

Fig. 10 is an explanatory diagram showing a specific example of the
evaluation method by the distance evaluation portion 234,  As shown in Fig. 10, an
estimated distance (a second distance} between a current position and a base station

20 30i (i is a given capital alphabetic character) is expressed as d (301), the estimated
distance being included in the measurement information received by the
communication portion 216,  Further, an estimared distance (& first distance)
between a registration position Pj (j is a given number) and the base station 30i is
expressed as ¢ (304, P}), the estimated distance being included in the base station

26  igformation retrieved by the retrieval portion 232, Note that, when the
measurement information or the base station information inchudes signal intensity
information instead of the estimated distance, the distance evaluation portion 234
méy convert the signal intensity information fo the estimated distance according fo
Expression 1. The distance evaluation portion 234 performs calculation of

3¢  Expression 2 below that is represented using the above-described expressions.
10083}

{Expression 2]



5floor estimation portion 236 estimates that the current floor information is "4th floor" that is registered
at the position P1 . Here, the current position is the position P5 on the 4th floor. Therefore, it can be
confirmed that, according to the present embodiment, the current floor information can be estimated
with high accuracy. [0090] 10Here, the configurat'&%n of the position estimation server 20 will be
described again with reference to Fig. 3. When the communication portion 216 receives measurement

information from the wiselgsetermingl 4@ ikepsitiqr.ipfernatign estimation portion 238 estimates the
position inform?éi%lindicating the latitude and longitude of the wireless terminal 40. For example, the

position 15 est tl]on portion 238 uses the measurement information received by the communication
portion 216 and the basetstatiop. infoiwmatiorereyisterssn athoSordyelportiont2ddetobestimate a current

position 0 of thg,witgless ieuminaldQp Accordancgwith Expressions 3 to 5 described below. [0091]
20[Express{ion [3(]0%5 - ) (Wi Ai) W 47'(Expression .3' [Expression 4] Wi - 1 d(30i) [Expression 5]
Fig. 11 is an explanatory diagram showing specific examples of distance
evaluation performed by the distance evaluation portion 234. As shown by
Expression 2 and in Fig. 11, the distance evaluation portion 234 calculates D30, P}
by adding d(3061) and 4(301, Pj) that relate {0 the same base station. For example,
10 the distance evaluation portion 234 calculates a value of D{30C, P1) to be 55 m, by
adding 30 m that is a value of d(30C) and 25 m that is a value of d(30C, P1).
[0086]
It should be noted herein that, when a registration position Px and the
current position are iocaieci on the same floor and a base station 30y is instalied on
15 the floor, a value of D(30v, Px) becomes relatively small. This is because an
estimated distance between the registration position Px and the base station 30y, and
an estimated distance between the current position and the base station 30y become
smalier.
(00871
20 On the other hand, when a registration position Pv and the current position
are located on different floors and a base station 30w is installed on the same floor as
either the registration position Pv or the current position, it is predicted that D{30w,
Pv) 18 larger than D(30y, Px). This is because, since the base station 30w is
installed on a different floor from the registration position Pv or the current position,
25  an estimated distance between the registration position Pv and the base station 30w,
or an estimated distance between the current position and the base station 30w
becomes larger,
[CO8R]
From this point of view, the floor estimation portion 236 has a function as a
30 selection portion that selects D{30imin, Pjmin) that has the smallest value among
D304, Pj) obtained by the distance evaluation portion 234,  Then, the floor

estimation portion 236 estimates that the floor information registered at Pimin is the



W=1M [0092] (Expression 4) (Expression 5) 30 In Expression 3, Ai indicates position information
of an i-th base station registered in the storage portion 224. Therefore, when the position information is
shown by the latitude and longitude, Expression 3 is applied separately to the latitude and longitude.
Further, as shown in Expression 4, Wi is a Weighyglg factor that is obtained based on the estimated
distance d(30i) between the wireless terminal 40 and the base station 30i, which is estimated from
signal intensityeFtheso VM dsra:siem of weighting factors as shown in Expression 5. [0093] Referring to
Expression 3, ;ég@%f)n irLfolulation of the base station whose 10 d(30i) is small is significantly reflected
on the current positton 0 of the wireless terminal 40. On the other hand, position information of the
base station whose d(8Biristesgedins thsall inflierice grothenciPrentipusitip0d of the wireless

terminal 40. Theqositign.estimationowtion 238-an setionallysstimatethe current pesition 0 of the

wireless terminal 40 by using Expre}ssmn,S described above, 15[0094] . Note that a position
estimation etHA & e RIS et ATHFFEF IS HOL TSR (o e RETEE that Hsethe
above-describet:Expegissien 3.thopexample, tHerpasitianrefttheshiasesstationitihaldis atransmission

source of a siafial yiihdhe. Niofigsl.slana) ienaty.ARANA saala tecsiver B dhglpless terminal 40

may be estimated 20 as the position of the wireless terminal 40. Alternatively, a position that is the
center of the b&Be St Iha s fetidmMsiBivsetrbe sHNaEAIERHAN4SIFAS! intensity equal to or
more than a pregetgrmined threshold value that are received by the wireless terminal 40 may be

estimated gs the position, of e wirelesstermingl 40, [00951.28The flogr nfogmagign,gstimated by the
floor estimation portion 756 in‘the
described again with reference to Fig. 3. When the communication portion 216

receives measurement information from the wireless terminal 40, the position
information estimation portion 238 estimates the position information indicating the
latitude and longitude of the wireless terminal 40. For example, the position
15  estimation portion 238 uses the measurement information received by the
communication portion 216 and the base station information registered in the storage
portion 224 1o estimate a current position O of the wireless tenminal 40 in accordance
with Expressions 3 to § deseribed below.
(60913
20 [Expression 3]

1
O =5 (Wi AD)
W {(Expression 3)

[Expression 4]

Wi =t
d(301)

{Expression 4)
25
[Expression 5]
W= Wi
i (Expression 5)
[0092]



above-described manner, and the position information estimated by the position estimation portion 238
are notified from the communication portion 216 to the wireless terminal 40. Then, for example, the
display screen generation portion 424 of the wireless terminal 40 generates a display screen based on
the floor information 30 and the position informatign notified from the position estimation server 20. By
doing this, it possible to supply information that corresponds to the floor infon-nation and the position
information to the use;xpﬁid@@mégIeg&taﬂm&aais&sia&a{eﬁs&w@ﬁeomt,;vmeumeaatmement
information recelved dy} ecsotgnr?rlgunlcl%tcl}gnzﬂprtl?p i,28 6 |ncI Eif%p %@&1% nSE%P{) rr{n}z’,!tli)ewhose position

th
15i{ere
information is U nown, rfhe base™ stg?on managemen ort|on may reg IS er, as lé.file pOSItIOI’] 5

information of ﬂh@‘*ﬁalssef@téwmdﬁ}ﬂﬁw@mmw@mtfﬁ@mm@ tharngessinaisdy ﬁ%ﬂwﬁlﬁ}é‘i}*ﬁéasu rement

information by the Besitien inﬁ@ﬂt&@“@@qﬁ%mﬁﬁ%ﬁ@m@mma {8, 3I0MRAE MRRperahen the
registration request information recelved the c ﬁﬁ neation ort' n 216 in%lgges a base station 1D
whose posftion” RS AESH & TG oAt Sﬁaﬁg%@r? t?ﬁ%eﬁléta FEHE S OFIBRL 30 Wdy register, as the

position 10informatienscfithe3base:statioaiRathefcurrepigdosition 0 tharisesimateddrom the
nistration reqU%?WQL%‘E[H@%&%&QQQ%R%%'@Qp'l@ggigﬁ@t'on estimation portion 238. With the

above-described configuration, it is possible to automatically enhance the position information of the
base station 3044t is maintained in the position estimation server 20, [0097] (Modified examples)
In the above deSCI‘Iptlmfaai@r@)%nﬁ]&kﬁdﬁaﬁxrﬂamdlm whichthe: flaahe stiraatioiopoetiten 236 performs

floor esti tlon ed ont evalueof 30h obt negun%{p g'ﬁB%”@ g\@g ga portlon 234.
Howevern]t e prgsj nt |F1%%ntll?)ﬁi%l 26° ot |m?€e to thl?s exarrl1 reO Ilzor exampleﬁ Istance evaluation

portion 234 may:eanellite é?ﬂa‘@érﬁ’@éfd?%éni’%’i@é§’%ff’%ﬁ*ﬁ@@ﬁrﬁ5ﬁé@i BRatareEmMElied in the

measurement infprmalion wRd estimated.distanseswhicharassecinted ik thensame base station
ID among the p @v of base statlon informati 2{etrleved the.re rl%\/al ortion 232 and which are

: G At oIl can raton estima; & current position
also associate it I%Flé) éé}%téeﬁogll’ w?flopma on. y P
O of the wireless terminal 40 by using Expression 3 described above.

15 [0094]

Note that a position estimation method of the wireless terminal 40 is not
limited to the method that uses the above-described Expression 3. For example, the
position of the base station that is & transmission source of a signal with the highest
signal intensity among signals received by the wireless terminal 40 may be estimated

20  as the position of the wireless terminal 40, Alternatively, a position that is the
center of the base stations that are fransmission sources of signals with a signal
intensity equal to or more than a predetermined threshold value that are received by
the wireless terminal 40 may be estimated as the position of the wireless terminal 40.
{0095}

25 The floor information estimated by the floor estimation portion 236 in the
above-described manner, and the position information estimated by the position
estimation portion 238 are notified from the communication portion 216 to the
wireless terminal 40.  Then, for example, the display screen generation portion 424
of the wireless terminal 40 generates a display screen based on the floor information

30 and the position information notified from the position estimation server 20. By
doing this, it possible to supply information that corresponds to the floor information

and the position information to the user of the wireless terminal 40,



25 Then, the floor estimation portion 236 may select floor information by extracting a minimum value
from among D(30i, PI) obtained by the distance evaluation portion 234, or from among average
values. [0098] For example, in Fig. 8, there are a plurality of estimated distances (I Om, 30 13m) that
are associated with the same base station ID 300" and with the same floor information "4th floor".
Here, if the estimated distance between the current position and the base station 30D that is obtained
from the measgeeygent information 32 is 19 m, the distance evaluation portion 234 calculates an

average value of 30,5, {ha 5 represenied 05 SieSHAR(00.19) 43 19) / 2[0099] When the

above-described average valué 30.5 m is the minimum value 5 among D(30i, P)) obtained by the
distance _evalu&ﬂ@m%?ﬁ@wZ’Bﬂ%oérzé%@ﬁbl‘iﬁ%aa@é‘?é@@‘\?ai@e@??ﬁ%l%{%%éﬁ YATSrtion 236 selects
th? fl?or informatioawathntonk: that sorespendsiesheesimated distances {Opasitidm) used in the
calculation of the average value. [0100] 10With the above-described configuration, gven if erroneous
base statioh infSIRRARGH i& é?éeci enf’éﬁ)l/tlflegﬁllé\%?e%uﬁ%%oSsltt(i)%ségeg%gr foerﬁtgrg e%%lfg nﬁé?%%ible to reduce
the degree of adversersffectourfloobedtinrasivacalisedtisy: tiebase sration fforn¥ation, and to secure

accuracy of flogrestimation. [03Q%] 1eFudherthe distancegratation periea 234 may have a function
as a
communication portion 216 includes a base station ID whose position information 1s

unknown, the base station management portion 220 may register, as the position
10 information of the base station ID, the current position O that is estimated from the
registration request information by the position information estimation portion 238.
With the above-described configuration, it is possible to automatically enhance the
position information of the base station 30 that is maintained in the position
estimation server 20.
15 [0097]

(Modified examples) .

In the above description, an example is explained in which the floor
estimation portion 236 performs floor estimation based on the value of D(301, Pj)
obtained by the distance evaluation portion 234, However, the present invention is

20 not limited to this example. For example, the distance evaluation portion 234 may
calculate an average of sum values of an cstimated distance included in the
measurement information, and estimated distances which are associated with the
same base station 1D among the pieces of base station information retrieved by the
retrieval portion 232 and which are also associated with the same floor information.

25  Then, the floor estimation portion 236 may select floor information by extracting a
minimum vatue from among D(30i, Pi} obtained by the distance evajuation portion
234, or from among average values.

[G098]

For example, in Fig. 8, there are a plurality of estimated distances (10m,

30 13m) that are associated with the same base station 1D “30D” and with the same
floor information “4th floor”. Here, if the esiimated distance between the current

position and the base station 30D that is obtained from the measurement information



priority processing portion that performs processing such that, as the number of pieces of the same
floor information associated with the same base station ID becomes larger, the corresponding floor
information is selected with priority by the floor estimation portion 236. For example, as the number of
pieces of the same 20floor information associate :yvith the same base station ID becomes larger, the
distance evaluation portion 234 may treat, as d(301, Pj), a distance that is shorter than the estimated
distance associatedwyith-thetgeerespantingfloon irdormiatinns (81 82rage vatud3FGperation of position

estimation system accordin esent 25.e @ diment, __(;(51 ynctions of the position estimation
system 1 accor%%éS gptﬁ%e%%é};%ﬁ{ %%B%é?ﬁ%‘ég (gre sériil?)e 'eezg\"?'e with reference to Fig. 3 to Fig. 11.

Next, an operatii¥df the position estimation system 1 according to the present enthodiment will be

described with referenge,tg Big..be-aad:Figed 3w3R1R103 30.Fig, 1248 asaauanesgiagram showing

an operation flow of the_position estimation system 1 according to the present embodiment. As shown
in Fig. 12, 33 fﬁgﬂ%z)ﬁ‘#éa r %ﬁ%&t%ﬁ is%'i%cfeaw PR Sﬁ‘r?fﬁg?’ {Oﬁf SEIFBANE signal intensity

measurement ercaegertairdldor 0fa bildngopstiostife {8802 handtheliserimputsia current floor on
the floor informatian fegisiration SGreen Ly; QReEINg-e GBEratian pigd32Ral4d). 5[0104]

Following this, the registration request portion 436 of the wireless terminal 40A transmits, to the
position estimafioRsRRIBFI8 Yegistration request information that includes measurement information,
such as signal jnteénsity information acquired

10 With the above-described confipuration, even if erronecus base station
information is accidentally registered in the storage portion 224, it is possible to
reduce the degree of adverse effects on floor estimation caused by the base station
information, and to secure accuracy of floor estimation.

(01013

15 Further, the distance evaluation porfion 234 may have a function as a
priority processing portion that performs processing such that, as the number of
pieces of the same floor information associated with the same base station 1D
becomes larger, the corresponding fioor information 1s sclected with priority by the
floor estimation portion 236. For example, as the nmumber of pieces of the same

20 floor information assoclated with the same base station ID becomes larger, the
distance evaluation portion 234 may treat, as &(30z, Py), a4 distance that is shorler than
the estimated distance assoctated with the corresponding floor information.

[G102]
[3] Operation of position estimation system according to present

25  embodiment

The functions of the pesition estimation system | according to the present
embodiment are described above with reference ic Fig. 3 to Fig. 11. Next, an
operation of the position estimation system 1 according to the present embodiment
will be described with reference to Fig. 12 and Fig. 13,

30 [0103]

Fig. 12 is a sequence diagram showing an operation flow of the position

estimation system 1 according to the present embodiment. As shown in Fig. 12,



by signal intensity measurement or estimated distance information, and floor 10 information input by
the user (S306). When the communication portion 216 receives the registration request information,
the base station information management portion 220 of the position estimation server 40 associates
the measurement information with the floor inform%tion included in the registration request information,
and registers the associated information in the storage portion 15224 as the base station information
(S308). [0105] 4 similaemanner, hedneasurementpostioncAr00f awirglesstesmpinnl 40B

performs signal intensity measurement on a certain floor.of.the building o cture (8312), and a user
inputs a currenf%%%%ﬁ\ét & ﬁ)%‘c”‘rnlin ormation %Pé:g?gt?agt%é%%r%é%%%%%gsrgﬁ’ﬁg cﬁ%zgttgl)?)eration portion
432 (S314). [0166] inputiNeserive Fegistationiretuderpdtiors dg6iednserevirdlig seaetiminal 40B
uhnsrnits, to the,pesiianeatimatien sexver. 20, registration request information that includes
measurement information, such as signal intensity information acquired by 25 signal intensity
measuremé&nt 6%{}§Jﬂmated distance information, and floor information input by the user (S316). When
the communication poitighr2ihé fisceives therégistratiohpetuesbinddtnatior:thedbasd station

information manggemankROIIAN 264,0%he;pasiHon climationsaer 40, assaciaies,he measurement

information with the floor information included in the registration 30 request information, and registers
the associated HbRAAABHIRAHESEIAGQPEh 292 U ine pases NGt {8318). In this
manner, the base stationinfoyimatiensinetueing thedioardnibrmatiomisraacumulateddprthe storage

portion 22?% 34&(1) D@ﬂeﬂ@(}%si&%&e%irﬁ_l%tiggms %é\é%%)zo‘[ﬂ%gqhe communication portion 216
receives the registration request information, the base stafion information
management portion 220 of the position estimation server 40 associates (he
measurement information with the floor information included in the regstration
request information, and registers the associated information in the storage portion

15 224 as the base gtation information (8308},
[0105]

In a similar manner, the measurement portion 420 of a wircless terminal
40B performs signal intensity measurement on a certain fioor of the buiiding or
structure (S312), 'and a user inputs a cwrent floor on the floor information

20 registration screen by operating the operation portion 432 {8314},
[0106]

Next, the registration request portion 436 of the wireless terminal 40B
fransmits, to the position estimation server 20, registration reguest information that
includes measurement information, such as signal intensity information acguired by

25  signal intensity measurement or estimated distance information, and floor
information input by the user (8§316). When the communication portion 216
recetves the registration request information, the base station information
management portion 220 of the position estimation server 40 associates the
measurement information with the floor information included in the registration

30  request information, and registers the associated information in the siorage portion
224 as the base station information (S318). In this manner, the base station

information including the floor information is accumulated in the storage portion 224



After that, the measurement portion 420 of a wireless terminal 40F performs signal intensity
measurement of the wireless signal transmitted from the surrounding 5 base station 30 (S322), and
the information acquisition portion 440 transmits the measurement information acquired by the signal
intensity measurement to the position estimation sgrver 20 (S324). When the communication portion
216 receives the measurement information, the position estimation server 20 estimates position
information anaflpeniniasmatianeithewsimess terminal 40F, based on the 10measurement
information anq{}r@ ase station information registered in the storage portion 224 (S326), and
transmits them'to the wireless terminal 40F (S328). [0108] Fig. 13 is a flow chart showing a

detailed flow of estimatiéigrpheicdssimgsthanisiparormTed planePesitomiestitibmeraeser 20. As shown

in Fig. 13, first, ydhenAenthe cenmunicationnontiens2i6 JecaivesBaeastigmnenbinfarpation from the
wireless terminal 40 28,342) t %zgetriegﬁggor ion %32 retrieves base. sta%cle)n information including the
base statioh IDRECR BTGP (HE HeALTAIARIT ATSHHATORO TS the SHBMEYS Bbriion 224 (5344).

[0109] 20After thatsthescistancenevaluationegoioth2 34cevalnates thexdistancatbetween the
registration posjiignQf e-hase statigninfosmation ipatisseticyed.bythe, rgﬁﬁy@' partion 232 and the

current wireless terminal 40 by calculation, using the method described in "[2-3] Estimation of floor
information", folPEXEM e RUBAET VIS ESHBRINCAINS P DStaRLRE0RISHBh Poftidhe34 calculates
D(30i, Pj) in 25atcatdabeeitih bk pressidim2atthen thevflopsastimatiantpotienc2 3 selects floor

informatiog basgd, on.an evajuation resyioy,1he s‘éel%%"i%?o%‘{éz'iﬂﬁt@%s?e?ég% #34p428). 0110]

Further, the distance estimation portion 238 estimates the position “30 information indicating the
latitude and lorRfittieie 3 tiie Wirersssatsrifthracatacdsigereeniviht ¥ ample, Expression 3, using
the measurementdrformation received by the communication portion 216 and the base station
information Fig. 13 is a flow chart showing a detailed flow of estimation processing that
is performed by the position estimation server 20.  As shown in Fig. 13, first, when
15 the communication portion 216 receives measurement information from the wireless
terminal 40 (S342), the retrieval portion 232 retrieves base station information
including the base station ID that is contained 1n the measurement information, from
the storage portion 224 (53443,
19109]
20 After that, the distance evaluation portion 234 evaluates the distance
between the registration position of the base station information that is retrieved by
" the retrieval portion 232 and the current wireless terminal 40 by calculation, using
the method described in “[2-3] Estimation of floor information”, for example {S346).
More specifically, the distance evaluation portion 234 caleulates D301, Pi) in
25  accordance with Expression 2. Then, the floor estimation portion 236 selects floor
information based on an evaluation result by the distance evaluation portion 234
{S348),
{0110]
Further, the distance estimation portion 238 estimates the position
30  information indicating the lafitude and longitude of the wircless terminal 40
accordance with, for example, Expression 3, wvsing the measurement information

recetved by the communication portion 216 and the base station information



35 registered in the storage portion 224. Then, the communication portion 216 transmits, to the
portable terminal 40, the floor information estimated by the floor estimation portion 236 and the
position information estimated by the position information estimation portion 238 (5352). [0111] [4]
Conclusion As described above, according t%he present embodiment, the position estimation
server 20 can accurately estimate the floor of the"wireless terminal 40, based on the measurement

information acqLited by signal iMeRsityomeastrementdn 1Qthewirelessderminak40:and the base
station information registered in the storage portion§24 of the position estcl atign erver 20. It should

be noted hereiff AL e’ d &%erSEh FESHation fe ?é’t‘é?éfdwilﬁﬁt%%’ﬁé?%t@ port 4 is infonnation in

which the floor dsfermaiigritcicatifguth etlito prsither ersignakintensityete aguementtas been
performed in agyvance. by e%t%‘é‘ﬁﬁn‘%ﬁ!@é%t}?f&iﬁﬁ! 40 is associated with the 15 measurement

infoimation that was acquired by the signal intensity measurement. Therefore, the present embodiment
is especialfy eff@ttiMe in that the floor of the wireless terminal 40 can be accurately estimated in
addition to the positiorTinforvaiiea, while eliminating the troublesome operation of visually confirming
each of the base statiops 30 in advance and registering the base station infarmation of each 20 of the

|
. =131 e BOSILG .
base stations 30. Moréover. the present em roéﬁﬁnent is 4lso advantageous in that there is no need to

provide the wirestigsiernitmed-40) with sacspeeinrcsenssror fiosrdsimutiohs{0rreraHé-preferred

embodiments of,the presenkiRventionibayeheandeseribedi2habeyriwith-refesppeeito the
accompanying@ravvjn S, Whilstéhf pr%s?rlt ipver}j[iton is not Iir[nited totthedabc%ge etxargnples, of course. A
person skilled iRTHE S ETHRY varids Kttt iatishd and Mo dmcatone Within the’S4spe of the
appended claims;tand#sioicbbationderstooa: teatethdy witl shatiddthyresmeetarlthatiketechnical scope
of the present inyention, 304043y regiFOLEXAMPIE RN AbOVE1despribed smbodiment, an example

is described in which a plurality of estimated pasitions that are associated with the same base 36
the floor mformafion indicating the floor where signal intenstty measurement has

been performed in advance by a given wireless terminal 40 is associated with the
15 measurement information that was acquired by the signal intensity measurement.
Therefore, the present embodiment is especially effective in that the floor of the
wireless terminal 40 can be accurately estimated in addition fo the position
information, while eliminating the troublesome operation of visually confirming each
of the base stations 30 in advance and registering the base station information of each
20  of the base stations 30. Moreover, the present embodiment is also advantageous in
that there is no need to provide the wireless terminal 40 with a special sensor for
floor estimation.
0112}
The preferred embodiments of the present invention have been described
25 above with reference to the accompanying drawings, whilst the present invention is
not limited to the above examples, of course. A person skilied in the art may find
vartous alternations and modifications within the scope of the appended claims, and
it should be understood that they will naturally come under the technical scope of the
present invention.
30 {0113]
For example, in the above-described embodiment, an example is described

in which a plurality of estimated positions that are associated with the same base



station ID and the same floor information can exist in the storage portion 224. However, the present
invention is not limited to this example. As another embodiment, the base station information
management portion 220 may cause a certain base station ID and certain floor infonnation to be
associated only with the 5 shortest estimated distgnce. In the example shown in Fig. 8, the base
station management portion 220 may delete the information of the base station ID "30C", the floor
information "4thtftoar' i aadithie: estita gied distanaeoi28am'cfior axam plersditemdtivelgswhen the
information of the base sfatign IR "30G: e foorinarmation 4ih flogryand the esfimated distance "25
m" has already been To reg%tered, ﬂwe ase station information management portion 220 may not

register the inferRadief the busesSiatio R iDmMI0E" MAEIRIBIInFSFHESH 1 flEBFe and the estimated
distance "28 in3d@4d 4hiusthes b the: above-gesciked mhed kel anaxamplgdsEescribed in 15

which the floor informatian is estimated b1¥ ctgnvertin th? s\ix%nal ilglengiq/ information to an estimated
. ) sq%'test estm%ﬁt 1SEBICe. lH e eXany SHOW mt 1g, &.. the. base ftatl?n .
distance in“accordance with Expression I. However, the present invention is Aot Timited to this

example. In othrermamsrds)the preséntiyantivntbambersathievédhading alperafeter©f.a given

dimension thatﬂﬁemyiﬁ%ﬂ%ﬁdgnﬁlﬂ_rﬁ@&%itw%swﬁm%d%@m&l@g m”, FEaHr %ﬁ%‘i&e’ each step _Of
the processing performed by the §%S|thn estimation system 1 or the position estimation server 20 in
e

this specificatiot 8B ¥ibt AV 86 e HortHEd Sh e dsFiceitind wit the raefWatailed in the
sequence diagiafnmosithie flidiy chart, Rod ekamplezedchistepcof terptobassingpetfonmed by 25 the

position esmaliqn st Lo e asitan.eatimation senver a0 sy nchdeiggegsing that i

performed in parallel or individually (for example, parallel processing or object oriented processing).
[0116] Note thatferaaiap e progiaticadaisdbe tredtsd %ﬁaﬁeﬁt@e@ﬁbﬁfm&réﬂéd@uch as the CPU
201, the ROM, 202 andithenBANE 203 that are built-in to the position estimation server 20 and the
portable terminﬁllgﬁ to perform functions that 37

Further, in the above-described embodiment, an exampie is described in
15  whichk the floor information is estimated by converting the signal intensity
information to an esfimated distance in accordance with Expression 1. However,
the present invention is not limited to this example. In other words, the present
mvention can be achieved using a parameter of a given dimension that is acquired by
signal intensity measurement.
20  [0115]

Furthermore, each step of the processing performed by the position
estimation system 1 or the position estimation server 20 in this specification does not
have to be performed in time series in line with the order detailed in the sequence
diagram or the flow chart. For example, each step of the processing performed by

25  the position estimation system 1 or the position estimation server 20 may include
processing that is performed in parallel or individually (for example, parallel
processing or object oriented processing).

[0116]

Note that, a compuier program can alse be crealed that causes hardware
30  such as the CPU 201, the ROM, 202 and the RAM 203 thal are built~in o the

position estimation server 20 and the portabis terminal 40 to perform functions that



are the same as each structural element of the above-described position estimation server 20 and the
portable terminal 40. Further, a storage medium that stores the computer program is also provided.
Moreover, if each function block shown by the functional block diagram in Fig. 3 is structured by
hardware, a series of processes 5can be realized',}py hardware. 38 CLAIMS 1.An information
processing device comprising: a storage portion that associates and stores section infoimation

indicating one secian,gf A RUIdING SUNGI (R (UStPagiEraaldfaBALAR.AXMiLRd Y 2 signal

intensity measurement of a wireless signal, the wireless signal being transmitted from a surrounding

base station inavaréie saddimnesrbrtrensnd d8ctibrtiidbhasestarstiradhiiitarsiihformation that

identifies the supipMAding, Base;StaliRovided rogeivie: NPEioN thatitacsbieshiomagiven wireless
terminal, at least one plece of second measurement information acquired by a signal intensity
measurement 65 WIEIBLESIYASHR Ad &hf?eﬁs\ﬁ?éﬁ%%dt@n‘%ﬁgwgﬁ’da atI6ast dne-piece of base station
identificatian inferrsattai-tddigcatingvarbase station of a transmission source of the wireless signal
received by the given wireless terminal, the at least one piece of base station identification information
being associated with each of the at least one piece of second measurement information; a
retrieval portion that retrieves, from the storage portion, at least one piece of first measurement
information that is associated with the at least one piece of base station identification information
received by the receiving portion; a selection portion that selects section information associated
with one of the at least one piece of first measurement infoimation, the selection being based on the at
least one piece of second measurement information received by the receiving portion and the at least
one piece of first measurement information retrieved by the retrieval portion; a transmitting portion
that transmits, to the given wireless terminal, the section information selected by the selection portion;
and an evaluation portion that evaluates an acquisition position relationship between the at least
one piece of first measurement information and the at least one piece of second measurement
information, the evaluation being based on the at least one piece of first measurement information
retrieved by the retrieval portion, and on second measurement information associated with the same
base station identification information as the at least one piece of first measurement information, the
second measurement information being from among the at least one piece of second measurement
information received by the receiving portion, 39 wherein the selection portion selects, based on
an evaluation result by the evaluation portion, section information associated with first measurement
information, the first measurement information forming a pair with second measurement information,
wherein, for each of the at least one piece of first measurement infoimation retrieved by the retrieval
portion, the evaluation portion calculates, based on the first measurement information, a first distance
between an acquisition position of the first measurement information and a base station corresponding
to the first measurement information,



wherein, for each of the at least one piece of second measurement information received by the
receiving portion, the evaluation portion calculates, based on the second measurement information, a
second distance between an acquisition position of the second measurement information and a base
station corresponding to the second measurement f#formation, wherein the evaluation portion
adds the first distance and the second distance, where the first distance and the second distance are
associated wifhythgsgame base station identification information, and wherein the selection portion
selects section information that corresponds to the first distance that has a minimum sum value when
the second distancArobiaimediny MrecevantonpsrBAtisiagded to the first distance. 2.The information

processing device aceqrding,iouelainm k. xubesrins whenihesakieval potianrelievasaniusality of
pieces of first measurement information associated with the same base station identification

information &FfifRe BamEBLERSnSRTSHRELSHSHHR STRIEREEh oM e AL Sh b & i@ %alue of

sum values gfithadirsidistances and hagesosgndistarceirehisylabad hased emhapiiratity of pieces
of first measurement infoimation associated vi/)ith the sarrgepﬁar%l% station identif%:@tign inf(%r{'nation and
the same settoH fSnStARG oM e BHESHY FERL RIS TaR -a W Hetes the
selection pottiginiSelects isdetioatinfabatatentihat thersespondis thaspisatoaf, the first measurement

information that is computed bg/rghe %/%Iuation %tion and that has .smallqst average value or a
ar 1 n%ﬁ 101 tnat receive OIl a %lven WITEeLESS rm%na af iea f‘2p1FC€
smallest sum value. BPERE MTormation processing device according to claims 1 or 2; further

comprising: of S‘@mmnMngmmmglﬁDIﬁMatgemﬁrhs m@@@ih@%&tmm@hmﬁber of
pieces of Se%%@e‘s@f%g%f'?ﬁ‘ %%S%%%e%%f%??e%ﬁﬂ%,béég §¥afé%§t'%9%

ication iggggn;@gggg b_ecomes
larger, the section information Is selected with priority by the selection portion. 4. The information

processing désitd eastsor diffgroatiatmindigegng natHeasie sisiohfofniation onsis s We rifation
indicative of g.flgar; §.Hhe Iferpation MOeRRSINYiASUCe ARRALHINGIQClaIR Lnheiginthe.section
information comprises information indicative of a store name.
station identification information being associated with each of the at least one piece of
second measurement information;

a retrieval portion that retrieves, from the storage portion, at least one piece of
first measurement information that is associated with the at least one piece of base station
identification information received by the receiving portion;

a selection portion that selects section information associated with one of the at
least one picce of first measurement information, the selection being based on the at ieast
one piece of second measurement information recetved by the receiving portion and the
at least one piece of first measurement information retrieved by the retrieval portion;

a transmitting portion that transmits, to the given wireless terminal, the section
information selected by the selection portion; and

an evaluation portion that evaluates an acquisition position relationship between
the at least one piece of first measurement information and the at least one piece of
second measurement information, the evaluation being based on the at least one piece of
first measurement information retrieved by the retrieval portion, and on second
measurement information associated with the same base station identification information
as the at least one piece of first measurement information, the second measurement
information being from among the at least one piece of second measurement information

received by the receiving portion,
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wherein the selection portion selects, based on an evaluation result by the
evaluation portion, section information associated with first measurement information,
the first measurement information forming 2 pair with second measurement information,
wherein, for each of the at least one piece of first measurement information retrieved by
the retrieval portion, the evaluation portion calculates, based on the first measurement
information, a first distance between an acquisition position of the first measurement
information and a base station corresponding to the first measurement information,

wherein, for each of the at least one piece of second rﬁeasuremcnt mformation
received by the receiving portion, the evaluation portion calculates, based on the second
measurement information, a second distance between an acquisition position of the
second measurement information and a base station corresponding to the second
measurement information,

wherein the evaluation portion adds the first distance and the second distance,
where the first distance and the second distance are associated with the same base station
identification information, and '

wherein the selection portion selects section information that corresponds to the
first distance that has a minimum sum value when the second distance obtained by the

evaluation portion is added to the first distance.

2. The information processing device according to claim 1, wherein, when the
refrieval portion retrieves a plurality of pieces of first measurement information
associated with the same base station identification information and the same section
information, the evaluation portion computes an average value of sum values of the first
distances and the second distance, calculated based on the plurality of pieces of first
measurement information associated with the same base station identification information
and the same section information, and on the second measurement information, and
wherein the selection portion selects section information that corresponds to a
piece of the first measurement information that is computed by the evaluation portion,

and that has a smallest average value or a smallest sum value.
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3. The information processing device according to claims | or 2, further comprising:

a priority processing portion that performs processing such that, as the number of
pie.ces of section information associated with the same base station identification
information becomes larger, the section information is selected with priority by the

selection portion.

4. The mformation processing device according to claim 1, wherein the section

information comprises information indicative of a floor.

5. The information processing device according to claim 1, wherein the section

information comprises information indicative of a store name.



