1 DESCRIPTION POSITION ESTIMATING SYSTEM, RADIO
COMMUNICATION APPARATUS, PROGRAM, POSITION ESTIMATING
METHOF) AND INFORMATION SERVER TECHNICAL FIELD [0001] The
present |_nve_ntion relates to a radio cpommunication system, a radio
communication apparatus, a program, a position estimating method and

an information server. BACK@GRQUNPHA®RY [0002] Lately, a receiver

capable of repeiving radio signals transmitted from satellites has come to
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where the radio signals fromp, ek satellitesdempt reach. [0003] The
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L ARRARANS (SRIanged {Amhouncing its existence to its surroundings at certain
frequency (e.g., 5 times/sec.}. The radio communication apparatus can estimate its own
position based on the signal strength of the beacon and position of the base station of the
wireless LAN stored in advance. This position estimating method enables the
estimation of position even within a house or basement that has been difficult by the
position estimating technology based on positioning by GPS because the base station of
the wireless LAN may be installed within the house and basement. That is, the position
estimating method described above may be a very convenient and simple position
estimating technology, provided that the radio communication apparatus is arranged to



store base station information indicating positions of the base stations of
the wireless LAN installed around the radio communication apparatus.
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TheNds Unaing, %B%%B%Qrg’tus includes an obtaining section for obtaining the base

station mformatwn that is transmitted from the transmitted section and stored in the first
storage section, a second storage section for storing the base station information
obtained by the obtaining section, a receiving section for receiving radio signals
containing the identification information of the base station transmitted from the base
station, and a position estimating section for extracting the positional information of the
base station indicated by the identification information contained in the radio signals
from the positional information stored in the storage section and estimating the position
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_of the ra_dio communication. apparatus based on the extracted positional
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The first coverage may be a coverage excluding the second coverage from a

predetermined coverage overlapping with the second coverage. In such configuration,
the second coverage does not overlap with the first coverage. Accordingly, it is



the second coverage does not overlap with the first coverage.
Accordingly, it is 4 possible to prevent plural positional information of the
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program may function as the radio communication apparatus described
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is suppr%g’see ? t et & Rl 1on %\3/ 1A96s as compared to the case of simply

quantizing the first coverage and the second coverage altogether. As a result, it
becomes possible to reduce an amount of communication with the radio communication



Therefore, the information server may transmit the base station
information of the base stations located in the first coverage and the
second coverage whose information amount is suppressed to the radio
communication apparatus as compared to the case of simply quantizing
the first coverage and the second coverage altogether. As a result, it
becomes pOSSIb|e to reduce an am {F munication W|th the radio
app 5%@&@ AT SSUA BAS s TR RS Re R
Ef oo catioh é% aratus. [Effect of the Invention] [0020] As described
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EIBRRRANES [0021] FIG. 1 is an explanatory diagram showing a
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peated e§pla tlon gfg etﬁeasleogt?ﬁoﬁjraﬁlefemer%s IS omltted
BEST MODE FOR CARRYING OUT THE INVENTION
[0022]

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the appended drawings. In addition, in this specification and
the appended drawings, structural elements that have substantially the same function and
configuration are denoted with the same reference numerals, and repeated explanation of
these structural elements is omitted.

[6023] _ ‘

“The best mode for carrying out the invention” will be explained according to
the following order.

[1] Outline of Radio Communication System according to Present Embodiment

[2] Explanation of Position Estimating System according to Present Embodiment



[0023] "The best mode for carrying out the invention” will be explained
according to the following order. [1] Outline of Radio Communication
System according to. Present Embodiment [2] Explanation of Position
Estimating System according to Present Embodiment 7 [2-1] Hardware
Configuration of Radio Communication Apparatus [2-2] Functional

CO”f' ligi ° Rad md&?{bﬁa&maé&oéfaﬂf&ﬁn&tlafpﬂﬁsaa@u§erver

[2-3] 81% ona HRIGRHQNARPAAINS RAH JATRIPAURRS and
Inforsnelg | onclusion 1] Outline of Radio Communication System

acco C]a?)gfgrea ?orgs%q]ﬁgg 9“88&&‘5%%9{1&9 P‘Itﬁsrgg&)lnformatlon Server

com n system 1 accordlng to the present embodiment will be
[Ooze plal eé) W|tll11 reterence to FIG. 1. [0025] FIG.l is an explanatory diagram

quing, ?RC%{‘“ &%&&9 %b'ap ygte%fqgé%r&f%@%uméémm%mm
aCC(‘}t{ mgal AofiRleReN L o%’h?y\/g?e{ﬁ Flacdvdhg (61 present
embo%‘m enp ICZHI% %/ tatH]e M‘%ﬁ%?ér@n@ed&? fpMunication apparatus 20
[ lurali Base stations 30A through 30D. In addition, the base :
S l“?i‘é DRI O RaD ﬂmg%@ﬂwﬂ implyas 196 RS SIpHops Bdio
HAES eC' IS rg{ez%'ér tdigtingrish the Rase:siations 3QRuIESKANG. 1, the
agg@% ﬁé”% %}Fa@ﬁ;s@oiﬁﬂﬁﬁ%@&&% AN OLA a

001

radm cor muE é
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FeA NEMOTkho! IEER 8924 Line s (@ &ioB03 W Barough
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disSxam sl%?h )2 (] Ruch ] R&{?‘& r%'h%q,ﬁan periodically transmit beacon
[00 ?gn or announcing its existe to its surroundings besides signals
Sf‘i“ttﬁd g %\({996%9 &%@{QH&&%%@@&J{%@%@Q SIGORLEaMAING ocal
Her

Area e% %%Iop I ﬂtég e!p! 0%@&'?@ woslyely givendaiile basa on
W; ) s P é’e rz %p&@ communication apparatus 20
[0059 re1a?es an t0¥ S pOSItlon information Indlcatlng pOSItIOﬂS of
re p%C“YleBQsaeSstgt %ﬂ% Hﬁ:g"ﬁ??‘réﬁ@rﬁpﬂpd%oﬂfst@%zt@%rsﬁﬁﬁgﬂﬁcmg its
exwtencei (%ﬁsasserc‘ci'ltl%t PiLN %E'%f'g §eq Qﬁ%t%ﬁ%ﬁ%% gipeacon
B Cati O] erﬁ%@ ﬁ%ﬁ%ﬁ%ﬁﬁ@@é PR B RAIoFAnMUnERtiens
mfoxp 3%1%) ug qt y gﬁrthqgt ositianakinfprration.pfihe base station
[00 ed by ase station ID contained in the beacon signal from the
storegbase SRUaNIpURRHON. ARt Ay coiforie s anipestinnased
1nf(())lnrr;[ht?0%)(n£ (E[aet OSdgl E% forta 'c?s'i‘ve[99%93&&91@0:{@%@%@@9&%@&31&)11 IDs
of 8105%) 190 § S Im %W&@?ﬂ?&%ﬁ&ﬁ%ﬂlo SQITBHRIORNIGN receiving the
la%l P e g I%Q{ﬁ%? IR W e NGRS c AmbRIRS:abthe
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A, lhoug @h JsSOWs2 016 P Rz as Lpsspxampla et iigion.

[ communication apparatus 20, the radio communication apparatus

%yc% Ge example of the position estimating method by means of the radio
communication apparatus 20 will be described later with reference to FIG. 4. Forms of
the base station information stored in the radio communication apparatus 20 will be also
described later with reference to FIGS. 6 through 8.

[0030] _

In addition, although FIG. 1 shows a note-type PC as one example of the radio
communication apparatus 20, the radio communication apparatus 20 may be an
information processor or a portable device such as a PC (Personal Computer), a
domestic image processor (such as DVD recorder and video deck), a portable telephone,
a PHS (Personal Handyphone System), a portable music player, a portable video player,
a PDA (Personal Digital Assistant), a domestic game machine, 2 portable game machine
and appliances.

[0031]
[2] Explanation of Position Estimating System according to Present Embodiment

beos



information processor or a portable device such as a PC (Personal
Computer), a domestic image processor (such as DVD recorder and
video deck), a portable telephone, a PHS (Personal Handyphone
System), a portable music player, a gortable video player, a PDA
. (Personal Digital Assistant), a domestic game machine, a portable game
maghine, and;ApRlianges; 10034k 2 Explanationief Resitioenkstitnatingwill be
expla%}/eégt?mﬁ cordingfQAresent Syekadimaniss Mexhadgesiivnasitiatiagparatus
20 and apALESrmatt H?Qeﬁ%bq @fﬁ%ﬁ%@@dﬁﬁ%@fﬁtﬂi&bﬁxmmﬁta fie radio
osI1ian esfimating system includes the radio communication apparatus
communcation s AL . . . . .
%”%;Q%iﬁgﬁm?&}%ﬁﬁévﬁé slfdhatiansmitspase, Tiationintorandtipndtons
and & he 1adio, SPRMHRicnn-ARRBeMS %ak@tﬁ@a@&ﬂl@d’lﬁiﬁﬂmmﬁ. m_sﬁmﬂl be
explSRUTFHDE SR Junchional cpiigations anthopeafationambtheracio
co{mra;dnlcatlon apparatus and the information server will be explained
appatgius 2U. " . . : S
fler explaining a hardware configuration of the radio communication

135 29 WORRRL Al Hasdwate.Gonfignratanof Radiparatus
Oﬂ?ﬁ’f nicafion ADPAERISFGo wilsat: hiadkndiagranm ghowiing tardvdioe
conlr%%%filtgal‘ﬁgy 183610, CommaubicRligr-anRasatisi2daccorming 4dithe
combresent embadiment, T he ragio ;communisatior appariays 2BinollideB @M

(et Brosessing Wik Ak ROMs (Read:Oriy Merosyp0204, a
brid AN F%rnﬁng%é ’
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[0032
C

bridge £EESS MemOoni283. 2dmsihig 20devicbdgea2Gbitant device
210,%"%‘%‘5 ?g Us,206aBeriAce 28% aminpatdeyien 208 e atiut davice
[00 , a Storage device (HDD) 211, a drive 212 and a communication

V@Ee%?d@%%%l%%&é 20 ltri%ﬁ@ﬁﬁ%ﬁ&aﬁﬁ@thﬁmﬂﬁ@ﬁmﬁsﬁh‘@gg unit
ana it aNd a.conirglling:nit @iidisntrelaioveraihapetations yyihinth2oradio
ceSANMUNIGtoNapPaAIAliS20 iNTACCOFdRNEE With Mesiawis piagrasss: Thevell.
Theé& MRYREA BIGFAPLAGSAFi 88 Welm e RMI0Xstased by the CPU
201 proﬁ@'ﬁ%ﬁ%@%ﬂ%i%E%@% aaththedievsadnzy(he CPLe01res,
parJrgl&erMagggtﬂgmiw SRR RROGRRS MisRA WHgeoth@dRbb 2k.  These are
mut%éﬁ%g PApmelLshabaceasianalychange i thes execeionsthereof,

[00 the like. 'These are mutually connected by the host bus 204 formed

a-GRY Rys ansoathersn (0034 (thadesthus 804 iscendeated R IH@eripheral
CoSXiernal s 246 sush asra RGP errhe sl dgermpinent addition, it is not always
necErgtsearf opneciinterfacs)sbus e thesbidge 20anbbadiditions ikisi nbt aktaysl bus
20 ECEPSANIA SERY AtelyiRonsiHeidthe hasbhus 204, the bridge 205 and
(00 external bus 206 and their functions may be mounted in one bus.

35}, The JpPuL fevisss208 isgraveaser: afinpuimeansm idliegabling & input
infSed8ANRYE InfQrmatian éﬂ%@ﬁr@,'ﬂ@b@ﬁl @df%?b’@@tdna K)nmhrpp.]mke, a switch
anPYTQNS B TGRS na ViR AR adeMeariard guinpeiadobtclCiroulie input by
the QL JENErAUNG R SionRls hasedomihe inpur by uiike egrandiforommunication
apSHIRLEERE hen, 10y the R 20 LnEhasiser pksiessagiooperatiumicatibn radio
coARRARAIYR, 2Q Faav. IR R iRuUs dataandinstiyat feetessily operations to
{Oot § radio communication apparatus 20 by manipulating the input device

8 (99361 Fhe QU device 24 bis sompases af entisplayasnit SRiEH Garbode
Raﬁlb(e athods Rav Tunsk disnlavrandialsgRyiquitkonatal didplaypadd etput
de iRy H%@é%@&%ﬂy% headphone. The output device 210 outputs repr.oduced
contents, for example. Specifically, the display unit displays various informaﬁqn such
as reproduced image data by texts or images. Meanwhile, the sound output device
converts reproduced sound data and others into sounds to output.

0037

: : The storage device 211 is a device for storing data configured as one example of
a storage section of the radio communication apparatus 20 according to the prc'tsent .
embodiment and may include a storage medium, a recording device for recorfimg data in
the storage medium, a reading device for reading data out of the storage medium, a



device such as a speaker and a headphone. The output device 210
outputs reproduced contents, for example. Specifically, the display unit
displays various information such as reproduced image data by texts or
images. Meanwr_nle, the sound outpyt device converts reproduced sound
data and others into sounds to output. [0037] The storage device 211 is a
deletidViSE fOrString Slatacontiaird as @ee ©xagniediua storhgb sectiorhef
storagte ﬁg\% _%Oﬁqmymg%%%ém§W§iE®6@m@Q;Rd]:i‘iefep[égenxample. The
stora%%rﬁe\(z)l iment andaydnslide anatoraas prsgiums soreeardicgdbbicérorPU
501 arecording data in ghe slarageiMmedismonadtsasiing! desdo s fols roading ol the
Stora%%ucﬁﬁ%i}; e storage medium, a 9 deleting device for deleting data recorded
[0038(‘!1 the storage medium, and o_thers. The storage device 211 may be
20 0564 £h HDD: (Hard flisk: Deivene fabexampldiihendtorbgdtdevieds
exterlé%l  drives aihard diskiand steres progiamsaaine execited bywhé GPeads out
informa manl(iX@&Hqgﬁ%n%%létﬁi&ﬁééﬁﬁmﬁ@aGGSCilil’aﬁd latenigtiglgesk, an
opticg?%? r@,e g‘x'%ﬂh@— YRR denice @ 1 1c[0038 )k The trivendt ikat is mounted
therorcAder-writer for the Slotagenedisr and s built in or is externally
(003 S?:H;; to the radmgj;g/munication apparatus 20. The drive 212 reads .
1R LaRotded iR iemovalis sontgei oncditeniz4 supessdof a
comnrlnuangpa%&l sk @, aptaaldigk nepicnmagnete diskrandnacation network 12,
for cRam, (I:é).n_d NESRLIDEMEIY dhakisMmaviiedcthesexirs g duetputsnieunication unit
comf)gaféj)fg 3lian {2, heRANN A d0088laTher sommunieationiddvisd S5 s & wired
com&om@&‘éﬂﬁ%&?ﬁﬁl{%@ﬁﬁl&&m&ﬂﬁ@ﬁ@ coeremunitationmaeviceating network 12
may SRIS4QiPEINg IconneRtRd i B omBIunigatifvalefibork 12 o siempiths of
dat VOREOVEL sihe, communicalipRigyine, 25 may: beca cosmmdiicativatiii 30 for
contg‘:&@ifﬁagg ithwitsless AN (Lo6l AramNedbadr) drwidth2Wfrétessmispod
receNed H & aE&HH@{&'ﬁaeImvﬁﬁié&B@ta@mmumeaimtmm MresImhddition, the
vari SOMTHNICATIRN NEtwark 42 .roeshinshidsiwitersahlesssuchsis doppessipnebradio
pro%&%& JSpars stansmission pethssefrdate sibiv gsoacimwaves!end
docdlata felay,device, sHcihassrautess ang hase atdtiofiss@@:for controlling
[00 mmunlcatlons. That_ls, the communication device 215 transmits and
recejyes e heagonaignals,and watious daia withrthetase statibhsreg. i
arra%dggl%s@ﬁti\iﬂgq‘HQMM%&%@VBﬂmehcaﬁigmst@@aftﬁtggdﬁdio
conBRudsiEalegiuresandadionprograpriimageisataisudh as movies, TV
[ooPpgrams, video programs, pictures, documents, drawings and charts as
well .—%am%ﬁeéo%ﬁitwafﬁgﬁ@%&l bt *dditiof panhandwatierchpfigiragswd
Inchrfr&Q Jpfermation server 10 may be arranged substantially in the same
manper,as the hardware sriiguration ehtheiradioniemmimisatiche radio
con@&'{ﬁ{?{@iﬂ%&gﬁ&&m its SxplaBatianisaoimittady 0L Thidudr indtiomapition

osuizQRliguation, of Radia Sene yrisatioanippiiratus antls fenrm At GG Spvide
infﬁgéai%)@ afunciignal hlackdisgram showingeconiglidtions of i qaadr@;f ormation

inp GO IHINCASION ARRAIBLS 20884 the infarmationzserseiondl ifcludée iredie
coxﬁﬁ%ﬂ&%ﬁ%ﬁt% ing, systant AcRArding imthecprasent@imbddipnereaguring section
22 SNOWILINF Gtin i dinfRETBAtDN servampliddnodesiaedafmaricatiphsection 232
nseGlion 1043 hasesiatian infermatientinpassection 108, a quantizing
[0 tion 112 ar_ld a storage section 116. The radio communication

apparpius 2Qinckidasa sampUicakan settidn2 beacemessurigesection
communication apparatus 20 and the base station 30 and has functions as receiving and
transmitting sections. For instance, the communication section 216 may receive signals
transmitted from the base station 30.  The communication section 216 also has a
function as an interface between the radio communication apparatus 20 and the
information server 10. For instance, the communication section 216 may transmit a
request for obtaining base station information to the information server 10 and may
receive the base station information from the information server 10.



220, a position estimating section 224, an application section 228, a
storage section 232 and a base station information obtaining section 236.
[0042] The communication section 216 is an interface between the radio
communication apparatus 20 and thedase station 30 and has functions
as rc_eceiving and transmitting sections. For instance, the communication
[0043 ction 216 may _receive signals transmitted from the base station 30.
Thegammunisation seetionp2hB-alseasaviupcionasanfitiedhgals
trans@ﬁ%’e%eﬁ&ﬂletﬁ@_qgwwg@g%m%%§ 2R anddhe dfesnationication
sectioar¥ek 10 R inglancenth exaaiproupiGationsiealionsdhenaydiangmitiasuring
sectiSONESLIRE L RIRINIAG, RAsARIALIGR dRfepmatian tuthesiafpriidian) selvecddip
withaRd may. Jece i dne.R8as siatiomiriarnation from the information server
{0041@. 1Q [0043] The measuring section 220 measures receiving strengths of
the gignals, anspitiedfrom be resnactive haseaiafiansi3amat seesived
mea?l)(rga%ng&%@ sSEGHRR AL6. RS shewsrene examepies ahdighadacters
dencVhgh dl %‘erﬂ%%ﬁ'%ega Y ihgisaeasusiegusection B2e wheaa the sasiatation IDs of
the SRPVTIAUGALQN ARRALIHTAX hasai PRRItanal sRIakeaships petiribdly, FIG. 4
shoRSPEHIVERASRRIRIONS R0 as-sbaveY ih& kel {QRAdIEd 4risnathe base
statSXPIANALALY B AN S PANING ONR AxagRIspoh signalisrengihm greesyBaf the
sig;*a L e NeRRIRG ReAIMAL20a 1R KAy EetRrense stumarals rd oB™ is “-70
DbiEPAciels; dapQURg she Jesresive base siationFidthate suppeeeibic30C whose
basérkrt’égfaotﬁ ltﬁ‘%sba%{%'@fg%ﬂ”tﬂﬁrﬁ@%@iﬁﬂ@%&ﬁi@ﬂ@fiﬁ 3@ fdgnals
tranSABMERIERGE QL SxRlanatien soperiicaliadd Grad o8NONS a3taseiwher® than”.
[004§F€IVINg strengt‘h of thg signals transmitted from the base station 30A
whogg.hasaistatianster i c306 da 290 B dthe raceldngos eagtlnt thed
stors IS HaRsMiiRd Fram the-haseosiation a@Rwhosenhagaistatianvillishe radio
compaiciiod ApPiTusthe JReViNGoseRattabiim signalsi rarisaittesl faoom sites
of (Hi&: ?ﬁ%%@%@t%¢3ggn\é(ﬁl§§@ B3RE wiationdiBHs nBA&atson80 Dboncand ¢hemple
of FESENING Sttength _hie Sigbala i anstbiesfemitieRase isiaiof 33ed later
withPas6:Rase,Sid0R. DS ;@Ko the 2tBHABE sJOGbP Meanwhitey ierage medium
sucHlRLags, Ferian RIRLS6F PR BlatagerTaatoN) Geliaiesi BB sidres base
Proﬁ‘ﬁﬂﬁﬂa‘ﬁé RELRechasaRIRIRNS 30 WirgleRSINCOMMLBIe D grutitmideeradial Only
Meﬁﬂﬂ%?l%fﬁ@é‘;?&i@@%%ﬂb% 2Q angd-pesiional whMatanringdieatingtdéum, an
optiastalaliQn Hites. AR (eshesiveiase statona J0xas e aketselioDVD-R
(Dﬁﬁ%ﬂ%&%&&%ﬁq{%&%ﬁéﬁmﬂwfﬁm bage/stAiBN(Rievatia0Gterattinory)
andAERTHOMRAL BLFENN23A M ILhedproBved aten vt (efeviegaettoditad) fisk.
wo@g?ltlon, t_he storage section 232 may be a storage medium such as a
non-vglatis:[Remes seERasandaER R M Electisglisiasablthe radio
colbingraRamaLls Read OnbaMemei: anthanseRR@Mndrasabley the measuring
sednroorammakie.Read Ly, Mesrbtoa magaetiaidiskaugh asadmatdXisk or
inseid @ disk,bipgsmagnatic medinbn an4apticahdisksyaisalba QDER radio
conRMRashRisk RecR iR Wn(Re\Wilakie) agMLR 1(Digital Versatile
{nglﬁk Recordable)/RW/ + R/ + RW/RAM (Random Access Memory) and a
B.D (Blu-Ray Disc (trade mark))-R/BD-RE, and a MO (Magneto Optical)
disk. {09 ]Wogiyion estimating section.224 estimates the position of
the radio "ommunication apparatus 20 based on the signal strength
measured by the measuring section 220 and the base station information

storgwpim _ e section 232. For instancégh& position estimating
section 224Mgstirhatds the position of the radio
W= Wi ...Bq.3
[0048] |

In Equation 1, Ai indicates positional information of i-th base station 30
registered in the storage section 232, Accordingly, when the positional information of



communit_:a_tion apparatus 20 based on the following Equation 1: [0047]
O=1E(WiAI) ... Eq. | WWi=1..Eq.2 distS(O, A)W=In...Eq.3
[0048] !n Equation 1, Ai indicates positional information of i-th base station
_30 regls_tered in the storage se_ction12132. Accordingly, when the positional
information of 11 the base station 30 is expressed by longitude and
the biadty a%%%%‘iio&ﬁﬂés@@&‘g‘ﬁlcﬁﬁgia{!ﬁ'%{Qﬁl@ﬁﬂ;&ﬁ%j@@@aﬁ@memw@yiewms
long'%u\q/g Iy @8@9?%@3@ Pased an, disisien A trsicsiataddiatadam
distslg ,"}&elrf?n &, tadio, commupicati aaRaAS Zanetast bihppsasiationnd the
i-th a%eelsstag](% £9{Hnt£‘t%§'§8§1| %%@KQI%W%%@Mﬁ@l&l@?(}ﬂ]ﬁawms.a W
is a Qi S bP ﬁ@W&Qﬁ%@%&%&@%@ﬁ&%@&ﬁgﬁ%ﬁ%@@on 3. [0049]
1004 en reference is’made to E_q_uatlon 1_, positional information of the base
S a%ﬂeg 90‘%@91?@6 q!ssﬁ%((l% fg"tlﬁﬁfﬂﬁn‘l isl8tggbhieliefiaddadhe fsirbatedtation
30 W%%%Q%;]st%@,tﬁ% radio sPromHsatigN. aRRaIS 2Qiateachdmeasunng te
radicgrcn(%u G0 ﬂ!tg; SitiQnalyinfeimation Qfthe hase stefion 3B whesetional
infoti 10"]161)#8 IS, 065 lgssdnfiventialig e Lstivnaled poORomAWlie to the
esting 5‘8 COMMUNACANON. FRRRY SR hil0RRE] A pesittn estimating section
(005 3 can rathnally estimate the pos[tlonal information of the radio
c m{nﬂg %Iggﬁlf%rﬁ apkaAts 0. Bysing.sHG R Ao dmbhathdspdbigional
infﬁ%%&%%o%%ﬂ'ﬁ%&g secliom224 6an Gdackthe pesitioraliciopqatinm (Ai) That
is, (i, WhIGh.U Qﬁﬁ% station 2 .pfihe brse statign 3R seNtIDAGMNNEAT) with
whi%ggﬂglgz{s?ecgﬁlg&% he commLRication cestonlt issogiatdéndhed by the
comaiorage Seclion £33, ghd GateRimnaenhs P 2SI @b AR LAGIN can estimate the
positan oIHRIE alion appatails AR hagestandhe extactadipesitionabd positional
info ”?%ﬁnaté% and e signalstrengihneasuiad Reibermgaswing BEEtoMhe
posémns%:} > Rasitionestimating,saclion Bkad sanialeaOhiainan aldess wak, AB
Prefiuiy &seﬁ Vard, é%ﬁnﬁ{gcﬁ%%'@&@sﬁﬂ)%éh&@s“mated positional
Bormatlon. 0951] In.addltlon, in the present embodiment, since
quantized. positignal informationixisioredin dbq siaraed sesitinnadfdhaation is
stmggslﬁl%e %%@%ggcﬁ%ﬁth% Jsqdias adunaiion sagiadecoding hectidonction
as 4 %g%ﬂ\ﬁ%g&% ﬁP@BH%@éiHQ%H!Q@?AﬂB@E&TM@ﬂdB@ langitivdR raimto longitude
and attde, T 05_2] In addition, the position estimating method of the radio
[Oﬂé%nm.unlcatlon qpparatus 20 is not Iimited to the method of using
30 “%Hoa'& 'ﬁ&%,queéjo@*?ﬂa\fﬁe s@ﬂgat‘ﬁ{g 'ﬂ%@%mﬁ@@i@fcﬂiﬁ@aﬁeﬂtaﬁon
appehramg 1 EO%Q%Q?eafté'Me%‘asﬁ' sk %ﬁiﬁﬁﬂgfﬁbi&ﬁhﬁ&@ﬂﬁ@t ind for
insthe LAgIQ COMMHMCATIQR aRRaraius 2l Hayhe esiinatadmsstheopesiteiving
Stre?}]%tt 6 J36la, eanmunigriionBRRARAIHR 2R Marsematua DeRiey pesitidnatd as the
postmon & SAPNI AR Hhakdadhe sl gignalgominge, receitizgosition of the
paStrength exceeds aibreshold yalugdn thesadiecommunieationeappatatus
thresqsim(?‘ Y h&LstimatedashenRositenof thertadiocommbricationted as the
posa1 183rgftlfl§ezrgd[g%ﬂmunication apparatus 20.
[0053]

Furthermore, a center position of the base station 30 that is the source of signals
whose receiving strength in the radio communication apparatus 20 falls within a
predetermined rate such as top 10 %, 20 9% and the like may be estimated as the position
of the radio communication apparatus 20. Furthermore, a center po sition of the base
stations 30 that is the source of signals whose receiving strength in the radio
communication apparatus 20 falls within a predetermined order such as top five, ten and
the like may be estimated as the position of the radio communication apparatus 20.
F0054]

The application section 228 performs processing using the position estimated by
the position estimating section 224. For instance, the application section 228 may
output {display) the position estimated by the position estimating section 224 from the
output device 210. Moreover, the application section 228 may obtain points
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Statio IO AT oI DA 'iiy input or from an external device, for example.
[0060]

The quantizing section 112 quantizes the positional information of the base
station information input to the base station information input section 108 or the
positional information of the base station information stored in the storage section 116.
The quantizing section 112 also has a function as a recording section for recording the
quantized base station information in the storage section 116.



transmitting the base station information stored in the storage section 116

to the radio communication apparatus 20. The communication section

104 may also transmit the base station information periodically or in

response to a request from. the radig ,communication apparatus 20.

[0059] The base station information is input to the base station information
[0 { put section 108. The base station information input section 108 may

C?“l\l’e tuan AT Ett:%{lBH ﬂ@%&gﬁﬁ*x@?@ﬁfg%ﬂ&%ﬂl ehikemmAMeXtergahntize,
w1th1n 2 I][)re’d(i?gre i 0060} L he QUASHIZIRG: aRRHANF HA AUARIEES theated in a
nornpat nonatnfenation.q l?%l?@ﬁ%a%@é@ﬂdﬁfgmwg?ﬁd@%@t@@d@ﬁ&&:overage)
wherg 2 300% {C)? f ati)on JIPHIGRECEE 'i‘sjlggh%' tgn RAsitaNaLinfemmatienLhiheand
Whoseagrféas Ls;l_t%_ogn irelo [ %t'tg t%ﬂﬁg HBEB%}%Q@Q&%GBSJQﬁf#&@m%hﬁcﬂﬂaﬂ;lZIng
(quam.eua%i,o &cherage 33 & JUREHON:A5 3RBRING pecliondanieseidingifiexample

of tl normeﬁ Asgtalan nfgrmation n thessforags segtion 116. 13 [0061]
uan(flzmg ection 112 according to the present embodiment can

e Wlthm gl&r%g&t? mHQFﬂnCBYmgf tRasesiptioprnieriatian @fverage
and D% aseas![oggn%% e@c%v@?a( al cveragedipit cayRrRgeFand7a fastise
statig aton %8'\/ o%er g%@%tﬁ%eﬁgﬁga COVELARIS). WherR densibhobtherbasewded
and ?h r4 Ay Qgg&fa@a -ROIMAl FAERYE andobrsedREeviRrage
42 w1n}11111 fle dt %{‘ RN cQ)Qr LAVEIRGS, By differentaanstiionsiection of the
base g{.}d i Izgroond %@&S&Wﬁ‘d@ﬂ%@&%{hﬂym@@@ A Ga? SBQMS @ manually or
automepclcg‘} "gp HL WieN8IMBhcAverAgR ad i dase station crowded
(00 2] FIG. 7 is an explanatory diagram showing the example
° ththorma 1z?n§ @9&&‘%2’*}8&?@&%&@@5&&%{4@@&&\@{@@&1 b¥ the base
tatxlgnalmpa?e m\ﬁ\e NEIG) (o lhe.pase IGRLEANGRELEOVRERER dR1IS ThRe)
obtameof) {;[vgt iz n}E & PSS Pﬂ% Qs@rﬁzﬁﬁgwg?Qeﬁﬂ%mﬁ Rermal coverage 40
At

[006

p RESYE %%ea‘?%ﬂ%'t“ ng:iheBaseusiatioRCQUERE a¥aragaber.

Mean \{\1”2 RIS %Qﬁgncﬁ@E%g?e's@ﬁltgq!@p@ﬁ%héﬂlﬁﬂgiﬂ@ﬂon of the base
tatloneloca E:(? ei% &Eﬂ 19D Srowdad couarae 42 anththeinosmat (second
d]sc&cye an l%q%h % 9?551%‘&9%@1@&”&3@@%9%%“11@ the base
stat Sastibutionsal @2%@%0 006347 b Quantizing seetiad ddéhtization
num r%&%ﬁ 1Iss s:[m%IPq glpﬂ{érﬁ?g ioRi 2 iibe H@%é@'@ﬂ&@ﬁﬁ%ﬂﬁ thenber.
[00 olQ[m coverage 40 by using bit values (first discrete value) obtained by

q“ %Z'”gz% Rosition:of the hase StationbysepingHmpawnaheoueragent (c.g.,
pos;tlon & r?i{] (t% 10N goVerade @nd A firelQHan R AURR PHMReLASA values.  The
quat%ltllz 1o%tnolp ef v Y lRanwhile i enguaplizing sechioRrldwn feprase s
quan ‘u Sltlon 1!rl ‘BrE%HPcf‘B%fE@&%ﬁ%@@'ﬁ@@&%&%ﬂﬂﬂ%@@ﬁﬁﬁﬁﬁt@m of
diSC ete vaiﬁl %Ver%%%o‘}ﬁlg HS{HQ Qﬁd\@éyﬁﬁz cehisGIetebealuRY more the
mfo 1 atlon a gfﬁg%‘ﬁ'ﬂg ?gm&feg@ﬁtﬁﬂgs&&ﬁ&'ﬂﬂ(ﬂiﬁﬁ%ﬂﬁ!@lﬂtﬁ)ba§e

s ation Crow coverage 4 as a quantization coverage and a second
cil tlzatlon number that is smaller than the first quantization number as

tizationyumber.,[0064kHare; the Quasdization inglieies mernigitbnal

1nflf;e 6T nt"i] o @%Qwoﬂrﬂ%é@éc{Qrgthen%'@@ﬂﬁldﬁf@fMWo%&éfhgs 42 by using
the %nQIY) O Aﬁﬁtg&”ﬂ? ﬁ%ﬂ&‘iﬁgtéﬂé‘%%{?&ﬂ/ aluds. phhe sedatizatiening the base
stallon Do wa %U@ré@glggtﬁgﬁgﬁﬁ}ﬁ&%@ﬂ%U@r@@ém WERKLEM quantization
11‘{11%%61’ %gt“%rbrﬁgﬁ%ﬁggnsﬁﬁumQ%ﬁ%ﬁﬁﬁﬁﬂ%@&@ﬁ(ﬂ@@‘é’s manyvaiksi{hevn number, it

many steps ol AisCrelg valugskoAceesdinalyr Hgrematianthe guantiaation

ollJr@a n QF‘E qggséhsqatmns within the base station crowded coverage 42. A
concrete example of quantization performed by the quantizing section 112 will be
explained with reference to FIG. 6.
[0066]

FIG. 6 is an explanatory diagram showing the concrete example of quantization

performed by the quantizing section 112. As shown in FIG. 6, the base station
crowded coverage 42 is a rectangular area having longitudinal distance w and latitudinal



?nformation amount (bit numbers) for representing the positional
mformation is suppressed. [0065] Because the quantizing section 112
described above represents the positional information of the base station
Iocat_ed in the base station crowded ¢gverage 42 by using the bit values
obta_uned by quantizing the position of the base station by setting the base
distaSAtON.crowdad.coverags 421asdhe AuastizationeouamgsiBng hding the base
stati SE SO Luaiiizations aumeber ihatis smallps dharathenfksh@eantizatdnse station
crou{&%g]pﬁe?égwgﬁli@&m@b?w MRSl isibRE TN e 6aPRIBSEiVIding the base
stati o QrMaiion ANQUAL for represeRing the Resitionsd ifeiationof thewiasethe
10ngﬁ%lggﬁdﬂgﬁ'ﬂetlfi%pﬁ‘&ﬁ@é@ﬁ@@hggﬁ\é‘éesda%ﬁmﬁd%& Aveongra®is denoted by
o an@RMRIE QL ghAnZAlOR AeHormed ypthe auRtiEnasaa]aneld wmll be
quan f%%@ﬂl%ﬂ%@_rrﬁf%r@ﬂﬁg B‘%t%l%(ﬁb{rqgﬁﬁ]ﬁ!}(ﬁ@d%ﬁﬂl gxplanatory
[00 gram showmg the concrete example of quantization performed by the
quagfizingisestianhie: SsshewsyndrGeithe Pasemsiationierowdedation
crowdaP E%Q%%ge'ﬁzaig%%ﬁ%@& ared bavipg lenoineh distancd wiantlby
Lt PPl A i iance R SEaiting Fomdsx canerigresinuebesdaly a bit value b,
the jgﬁ‘@%'!@ﬁéf&jl'é&ﬁm hehrse catation: yawdesticovaiageeddoverage 42 may be
exp &Q@H%@JQ% ARz aRNHBRen ahthe:base station crowded coverage

{006%%’ is denoted by a, and a number for latitudinally dividing the base
station crowded coverage 42, i.e., a latitudinal qua izaiion number, by O.
Wheﬁ?tﬁéﬂ@ﬁ@?‘thd%nal guantization number of th& A€ station crowded
coverage 42 is denoted by a and the latitudinal quantization number as [3
as défs“cﬂbi_a@f?éﬁév@, the second quantization num eqr‘izssaa value obtained

(00 multiplying a and [3. [0067] When the bit number obtained by

© QWQ'@%Q&&@E@&%QQ base SItiARCIRWBRG Saveragedi? from the
posﬂ%?l%%ﬂ abiyalugaandibeditnuaberekiained Dy IRdudnelly quantizing
sec%&?@ﬁ'é'ant_lflgp%éﬁtst@'ﬂ&ﬁﬁgwqgﬁ%@ﬁe?.4@11@ derajeshby iadbidndbieusing
the Bit MEJongitude, xfpd Jalifida cantaingd.in the base station crowded
[00? erage 42 may be expressed by the following Equations 4 and 5:

006§}, x5 SHEWaN @rin EScfion=shrH B B)bnts B 40069 Titerquantizighe
basé%?é@&%ﬁ?o%@tﬁﬁl%%@ g&%ehﬁé@dnlﬁeﬁ)a@ﬁeﬁ fromdibaspesitionakrowded
coviliQ E“a?i'%? X.and.y a5 8hawn inEQuativas:re 5 Wit dse heguanibaind and
recofdd Igr}nl&% gg)qarge%@@@&; the, positional information x and y by quantizing
[OO%‘F by using th_e_blt valu_es a and b (the second discrete value). [0070]

Thusy e, granizingesgetion 1 hstepiassaissthe positional information of the base
st RaSESRifRraRtiamAbihecbase stpliomh 30 osalethirethechtisky the first
disSRfon Arovileda cRVErage dy-Ry thersatend distrele valuesaind colelatescords
i¢ 1l Wiih.dhe hase siatiens | R andsdecordsiidn thersioragdisensiorn dk6. ({00 berted
intd 6 AHARIZING SRR R salsa Ke pERsaR R ther pRsiianal linforenaion(Dind
lone.Ha88 Slationiatarmationiel the hassstatimidtocaiedindhenatmallhus, the
stof QYELBOR.A01 Py s finshdiserate,waliiadbinvalugs s anthd)sand gosrelatesfor
sto%}ﬁﬂtthwgapt?%ﬁg"ﬁt'ﬁ@o@ﬁﬁgnrﬁ?(@m&h the quantized positional information is
correlated with the base station IDs.

[0072]

Next, precision of the first discrete value and the second discrete value and the
first quantization number and the second quantization number will be explained.
[0073]

Practically, 0.5 to 4 m of quantization error (positional error) of the first discrete
value and the second discrete value may not matter in view of accuracy of the base
station information input to the base station information input section 108. Here,
although the quantization error may be an interval between po sitions represented by the
respective bit values (bit values a through d) or a half of the interval of the positions
represented by the respective bit values, this will be explained as the interval between



!t in the storage section 116 in the same manner. The first discrete value
is converted into longitude and latitude based on the base point of the
normal coverage 40 and longitudinal and latitudinal quantization numbers
of the normal coverage 40. Thus, thesstorage section 116 has a function
as a stor_age_ med_ium or a first storage section for storing the base station
the pilk 5H§‘UQ§§&!:'§&{{B&%mafaaﬂéﬁdmsivgm@biniaﬂmamm@orrelated with
[007‘%18 ase tat!on IDs. [0072] Next, precision of the first discrete value and
t e\ﬁ’%gﬁrb‘wﬁﬁr gie MalbeRnthihesdiriavantizationiwaiber disthtie h of the
base ?s’?a‘%?dll Juantzateaasmpesyilba.explainads s8I 3hyaeticatlyiod. Srrowis
0.00 N9 AuUaNHZaNQD auRs{RosilignaLsvan:elheslisstdisdietel yahdd aitddhelly
quantized 19s %%q%?yv@yl_%ﬁer@@é’oﬂ@tiﬁﬁﬁ@iéﬂo\ﬂ%rﬁﬁaCSﬂQaBytéﬁ.thd“ hageantization
erroSiatipn informatianyinpio the base séatien infarmatioriaptitsdstipniidd by
the dﬁ&rguaamgugn ihe euaptizalienaHnE By hgantnteivwakbeinegmntization
ramPgsitions represented by the respective bit values (bit values a through d)
0073} @ half qf th(_a interval of the positions represented by the respective bit
valugs, this will BE.exRIRingHas trintenvaldeverdiihinedqositionsthe base
stati(r)%pgﬁqﬁgg%h ¥ 1he sespagtive bivalves & dhe: iolipwingsilQGh4] M/terbit values
obtagl%%hb ihe.langidinal distanesmnethe atiuginabsistance ofttied
covelaoe FIAHNQDCIRW verage &4 ehewmishiembds d32kmidhe Moreover, the
quanq. Ezs%gﬁgne[r@rﬁ'?a rogredanw henghaihase siadieaserawdiad Xokerage dthe
nornSd g tidinalyandk [atitwdinglhn Siantizes iespralively bydhedectndnd
ati ¢ S¥RRTZALON NLMber Of SRwies vERS; B uanizationy el oyishatiaist Qubinization
numWOeDy ihe same manngsidhe parmaheeveragamfés quantizédbihdherage
sectlBRLAY 'é%@'&db&ﬁ%ﬁ%@&&i@ﬁt%m&m@ lakgerithan tiherseend: to FIGS. 8A
antization number. [0075] Accordingly, the quantizing section 112 may
{Oofggresent the position of the_ base station 30 located in the base station
cr \Aﬁ%g §R\{§r§}9§xﬁ2&9¥f§§’ NG2Mno ke bikvaliesaaplaiatblaby station
infolﬁﬂggb'g'Hf‘ﬁ)’e%@é%@ﬁg ly reantizinanbehasa stationerdadiedverage 42
recSOMATA0R, 42 Hespectively Ry dhe prcoRH puantizplinamumbegehbyteng the
exaMOfE QY%%S@&aHHﬂ@HﬁﬁQM'@@ i maytepresentl thatpositidre obtnel
covE1 S& Siglion, Afklosaled i dhe. Baiwl coverage 40 by using any of the bit
[Ooyg\tjes obtained by angltudinally and latitudinally quantizing the normal
coveragg, 40.resnaetively iy tie ficsh Guiantizationioaumber biss bitesnOie
JocSsaMPle St hasg staticnsatumationdecerdedlinihalsidragesisectidD 4 066 bytes,
the RYtSHERQUANEIZI g SELHOMLL IR (Wil bes expfainedewith veferendk fasHBSm in FIG.
31 Se HA9E 3 [ARHRI G BoIStRE agRlsnaiony diagrancshowingeheal coverage
40 gk‘&m!%'?tﬁé hase stafieniiRfermatiessofitheibaseistations BPtiscatddiin bifevalues
do @slgzygg:tlon crowded coverage 42 recorded in the storage section 116.
00_';1"55" 8B isan explanatory diagram showing the example of base station
information,ef ihe-hase sations 39 Jocatpd invitelasehalinchwdragestdion
crd€§0Ides inhe Sieragemastion.l 16v %7} dishavul imfsiG: 8Ajlthedatenal
miSialinn,information of thevhasamsialiongathddcaten indhe thasedstatiorrction 116 is
su;@{pégg:ﬁg C%‘f'rﬁﬂ%ﬂ’g@mﬁ@gg§ iha hasasiationhbs af it bytaHiothbdsit stations 30
are UG A19h 3tYIS S AN thehitevall estaioh itie sableantivhilel @erstiowal led in
hdBDHESstation crowded coverage 42, and the storage section 116 stores the base station
information of all the base stations 30. In this case, the total amount of positional
information contained in the base station information is 5 Mbytes from the following
Fquation 6:
[0079]

Number of base stations located in normal coverage - 6 + number of base
stations located in base station crowded coverage - 4

= 500,000 - 6 (byte) + 500,000 - 4 (byte)

= 5,000,000 (byte)



813, the base station information of the base stations 30 located in the
normal coverage 40 includes the base station IDs of 6 bytes, the bit
values c of 3‘bytes and_th_e bit values d of 3 bytes. [0078] Here, because
the base stations 30 exist more denggly in the base station crowded
coverage 4_2 than the normal coverage 40, the total amount of the
pOS_thogﬁ[yltggormation contained in the base statiopgntormation stored in
[00865‘9 storage section 116 IS suppressed. For instance, there is assumed a
casgwhsiae haltmiliopRassnatationsddoarefiastalieddsethmtbors ) are
represted 8y 40uahalf million,haserstatiensaalbane drstalledsimi otine befeemation
contalialion crawded caverage 2,454 thesiamgessestiond 6 kioieg Hipidse 7:
[008 ation mformg_tlon of_ all the base stations 30. In this case, the total
ameynt of ApsitignahJntesmationeoataines dndhe basetsiation information
is 54%‘82’6%,3@@‘(%50”0"\””9 Equation 6: [0079] Number of base
statiops gggted in normal coverage 6 + number of liagef stations located
{008%& base station crowded coverage 4 = 500,000 6 (byte) + 500,000 4
ViR).5:2i000,000 (biedtoumt SMYiRSiidaal M0BGIMMeanwhitel in the base
stan NNERINERRSIRRALINIQHPRUGHabalbthe bRIS Stabipms-3fhan€zing section 112
quan§RiESenied by daubledloatinaippints tiaiotahamount oktbe positishal well as
implHRhaton seentrierl in e assatatigninformatiomhistbbdMbytessidhare
localD$ fOUQMNY FQUATIOR: 6+ 0984 atal numbercihasd stations: 16.=
[008]3’ 00,000 16 (byte) = 16,000,000 (byte) = 16 Mbytes ... Eq. 7 [0082]
Accerdingly, thastotah mams.obtsipesitiepabintrmation cofitainednin thetion
2pp 306G SRR HYORBAlNR MavheruPRIAsserbiaiabnu3a2h Y4y thetion
(incfHARNZING SERION bheAiARtRING g sRiprese qtinghaipositiortaks) whose
ol NQHRAUCRN AhNE RAsRSIRHANSEP gsameltisninertedtity differentecords them
in tfbaRtizalon dependingppibetherihie hasa stations Sdrescthiobatedtation
mrole,Rase, Slatan rawdedcoyeragm 4Reaidhadaisnalaavetaghodd pfd08a)al
infolMat RS §§b¥9§bfﬂ&rgﬁyﬁﬁ§b@wﬂgﬁ@ﬁiQﬂtgﬁl@@ﬁ_f/h@lmﬂﬁoing the positions
by COMIDYRICHIAN, ARRRAr A% B OaIpsadtnaibe infanmationdseey Er S0 theization
nunffSS Station, infermation.ipeudigasnoImaliGNImNcattingihg daseipoib2 also
5100 L QUANRLIZANONNHRBbEE W RAIRe iDioEnsalinIm ABTO Wi Ship beasseat iy
crolNEguantization depcibesk akave irnhecwidsthamresimtbé isjarsige the bit values
obtSECHAN 238 iDBLISh NG Si0sAge pestion; 282 bistesdtierhasevsialionverage 42 as
the 'PIQHMALRN A J06 Rassatations Seavdtainithe ivamal sovragde #0ahoten the
firsPQRHIANA DHORMANOR IS HERIRsRRIAb L USIbErthe dib wal e s Shtained by
{Oogg?nt!zmg the positions by setting the normal coverage 40 as the
quanjization; GeyeIage.And thedisal xuapdizatieacndroberiasstheige section 232,
the%%ﬁ%ﬁ@ﬂﬁ%ﬁ{rﬁ@f showns B B8S fihe stoiagewsectidiniR3d @igly received
by RIQTESH{NE DRSS Slalen dnformalinahitae baskcsbitions S0 aithiartimBate
1011%%&'&‘ -REOWGRA COY e TR 2 Whess pasiiiadal infefnatitnis tepréSeitese them
forLHSING DA PILVaKSS ObtainedaRyquanizing heiptositsrimbiimetingdha24
jud%@?%mrbﬁggwg%ﬁgU%qgﬁa@@dﬁﬁ the base station crowded coverage 42 based
on the bit numbers of the positional information of the base station 30 that is the source
of the signals received by the communication section 216, it can find the longitude and
latitude of the base station 30 by applying Equations 4 and 5.  In contrast, when the
position estimating section 224 judges that the base station 30 is located in the normal
coverage 40, it can find the longitude and tatitude of the base station 30 by applying
Equations corresponding to Equations 4 and 5.
[0085]

In addition, because the perimeter of the earth at the equator is 40,000 km, a
quantization error is 2.384 m when the longitude is quantized by 3 bytes (a quantization
number of third power of 256), i.e., 40,000,000/256 ~ 3 =2.384. In the same manner, a
quantization error is latitudinally 1.19 m from 20,000,000/256 ~3 = 1.19.




the quantization coverage and the second quantization number that is
smaller than the first quantization number as the quantization number as
shown in FIG. 8A. [0084] The position estimating section 224 can extract,
from the storage section 232, the posjtional information of the base
station 30 that is the source of the signals received by the communication
(00 8?aictlon 216 represented by the bit values, and can find the longitude and
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fhe guantizing section 112 of the mformatlon server 10 may
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ion'Information is 6 Mbytes fromthe following Equation 8.
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Eﬁfrefore it is effective to simply represent an arbitrary position on the

ea thtl‘tl% uggtg)ﬁ% r%‘é N&LU?IQ%{HQ%QXMWWIIWM@MIZB 50
ae}éa > rer%trl\{ Ml?%ag byies fr M 20.ASAR: 2ELQBUGIREHRE larger than
the anﬁl}za{) 0 err%ur%n R‘gglec%@"@ information. JORS/ Ttk nuwmber:
réfb T ? é ’t 0089 eGbg% atloﬁ 000090 (byie) s oMby ES owded
cover e l@ 0 He su %E%ﬁ%ﬁér@@gﬂgl %@'%@e%?s‘f’o%féh%@gégmaﬁon of position
¢ élglc 1on aF para &slimadg the position more accurately
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FIG. 9 is a sequence diagram showing a flow of the position estimating method
executed in the radio communication apparatus 20 and the information server 10.  First,
base station information is input to the base station information input section 108 of the
information server 10 (S304). Then, the quantizing section 112 judges whether
position indicated by positional information contained in the base station information is
contained in the base station crowded coverage 42 or the normal coverage 40 and
quantizes the positional information by a method corresponding to a result of the
judgment (S308).

{6092] o

Then, the quantizing section 112 records the base station information containing



that the quantization error in the base station crowded coverage 42
becomes larger than the quantization error in the normal coverage 40.
Such configuration allows bit numbers representing position of the base
station located in the base station crg\gded coverage 42 to be suppressed
while keeping the precision of the estimation of position performed by the
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[005% munlcatlon a aratus 0. [0094] On obtaining the base station

INfOrmAtioR, oM, & {OLmAlON.88IVeS 0, theerass palionislormasning the
user oﬁﬂé”&o%‘?f%&? AP FEFD %Qﬁ@ﬂﬂ'@gi%ﬁlétﬁ’é@iﬂbﬂ@@ﬂ”l%ﬁ@@sﬂﬁlﬁle user
for ARG 2RENQ '%1%%%5@%2@' rr@é‘ﬂgﬂcﬁﬂ% cOMAUpiGatian sepleni 216ihe position
estﬁ%c glves SIgngis 50%§qﬁé)Hgg|ng base stations 30 after that (S328), the

i}u n estimating section 224 estimates the position of the radio

[3] rriury&'fltlon apparatus 20 based on the received signals and the base

a“%s' (MBUSNSEoeD the Sl0tReR, $o0BARS (RR3 2 IRNOSLFesn
ap 1? ?a?ré% %cﬂﬁﬁ& {&?ﬁy[ﬁ@g&ﬁ SRRl K& exirasts Pasitionation information of
the Baeg n@j@&l Copralaiad wit HE%QB&%%Q@%QVE@Q& inedi i seeliyeeei®@dis
reph gg{% r@ ANANEsR %%EQH?JH&@UMEPB&H%HZ@ Angheonainedbiiitiens by

set m%%}% Al é@@&@@&!&é‘ @%@ﬁl@qﬁgﬁtﬁt&@ﬂ%§6@@@ 234 tHheRstth@antization
nuf® }'Qé‘tﬁéta'&ﬁ{%ﬁgﬁtml%%éf Cafh@%@&@@é@%cnon 232 also stores the base

station information of the base stations 30 within the base station crowded coverage 42
whose positional information is represented by using bit values (second discrete value)
obtained by quantizing the positions by setting the base station crowded coverage 42 as
the quantization coverage and the second quantization number that is smaller than the
first quantization number as the quantization number.
[0098]

Because the second quantization number is smaller than the first quantization
number in the configuration described above, an information amount required for



extracted and quantized positional information into latitude and longitude
and estimate the position. of the radio communication apparatus 20 by
performing the arithmetic operation shown in Equation 1 by using the
decoded latitude and longitude. [0096‘1]gAfter that, the application section
228 can perform processes of |nform|ng the user of the position estimated
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grrgor{f%% toltlﬁougl]iQhL c%os%]where the quantizing section 112 quantizes the

positional information into bit values corresponding to the longitudinal and latitudinal
directions has been explained above, the present invention is not limited to such case.
For instance, the quantizing section 112 may quantize the positional information into a
bit value in which a solution of an divided integer corresponds to the longitudinal
direction and into a bit value in which the remainder corresponds to the latitudinal
direction. The quantizing section 112 may also quantize the positional information on
a polar coordinate plane. Furthermore, the quantization method for the normal
coverage 40 may be different from the quantization method for the base station crowded



FIG. 10 is an explanatory diagram showing the exemplary modification of
the normal coverage 40 and the base station crowded coverage 42. As
shown in FIG. 10, a plurality of base station crowded coverages 42 such
as a base station crowded coverage AgA and a base station crowded
coverage 42B may be contained in ofie normal coverage. Moreover, the
base station crowded coverage 42 is not limited to be rectangular and
wvgjr Ve an arbitrary shape such as an eII|pt|caI shape as shown in a
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ser} SI&r Emc% ate] ane Eurthermore the quantization method for the
normal coverage 40 may be different from the quantization method for the
base station crowded 20 coverage 42. [0104] The quantizing section 112
may also quantize the positional information into bit values corresponding
to a size of a center angle of a sinusoidal wave having arbitrary amplitude
and frequency. [0105] The respective steps in the process of the radio
communication apparatus 20 and the information server 10 of the present
specification are not always necessary to be processed in chronological
order in accordance with the order described in the sequence diagram
and may include processes executed in parallel or individually (e.g., a
parallel processing or process by objects). [0106] It is also possible to
create a computer program for making the hardware such as the CPU
201, the ROM 202 and the RAM 203 built in the radio communication
apparatus 20 and the information server 10 exhibit equivalent functions
with the respective configurations of the radio communication apparatus
20 and the information server 10 described above. Moreover, there may
be provided a storage medium storing the computer program. It is also
possible to configure the respective functional blocks shown in the
functional block diagram of FIG. 3 by hardware, thereby realizing the
series of processes by hardware.



21 What is clamed is: 1. A position estimating system comprising: a radio
communication apparatus capable of wirelessly communicating with one
or more base stations; and an information server capable of
communicating with the radio communication apparatus, wherein the
information server includes a quanhmﬁé section for representing positional
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a storage section for correlating and storing positional information and
tdentification information of the base station;

a receiving section for receiving radio signals transmitied from the base station
and containing the identification information of the base station; and

a position estimating section for extracting the positional information of the
base station indicated by the identification information contained in the radio signals
from the positional information stored in the storage section and estimating the position
of the radio communication apparatus based on the extracted positional information,
wherein

in the storage section,
the positional information of a first base station located in a first coverage is
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the positional information of a first base station located in a first coverage
is 22 represented by using a first discrete value obtained by quantizing
the position of the first base station by setting the first coverage as a
quantization coverage and a first quaptization number as a quantization
number and the positional information of a second base station located in
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densely installed than the first coverage is represented by using a second discrete value
obtained by quantizing the position of the second base station by setting the second
coverage as a quantization coverage and a second quantization number that is smaller
than the first quantization number as a quantization number.
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receiving radio signals transmitted from the base station and containing
identification information for identifying the base station; and extracting the
positional information of the base station indicated by the identification
information contained in. the radio signals from a storage medium
correlating and storing the positional information indicating the existing
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a storage section for storing base station information in which the positional

information represented by using the first discrete value or the second discrete value by
the quantization section are correlated; and

a4 communication section for transmitting the base station information stored in

. the storage section to the radio communication apparatus.



