PCSI TI ON | NFORVATI ON PROVI DI NG SYSTEM | NDOOR TRANSM TTER AND METHOD
FOR PROVI DI NG PCSI TI ON | NFORVATI ON 5 DESCRI PTI ON TECHNI CAL FI ELD
10[ 0001] The present invention relates to a technique for

provi ding position information. Mre specifically, the present
invention relates to a techni que capabl e of providing position

i nformati on er [ (O [ ep i on

signal em tt}g(é§ﬁ;lgﬂ§a s@gwomh e%m@ ti Sm gnﬂD@QR
BACKGROUND NOFTTER = ABND Cometional FoRs! tPROWSING NPOJITION
system a GPS (d obal Positioning System is known. A satellite for
emtting a INFORMATIOM: in the GPS (the satellite and the signal 20
w Il hereinafter be referred to respectively as "UPS satellite" and
"UPS signal") is flying at an attitude of about twenty thousand km

fro’mt’hesground. Any user is allowed to receive the signal emtted
fromthe"UPS satellite so as to neasure a di stance between the UPS

satellite and the user through derrq?lEgggﬂamgNthe recei ved signal.
Thus, as long as there is no-obstacle between the ground and t he GPS

satellite, position determ nation can be 25 perfornmed using the
signal emtted fromthe UPS satellite. However, in cases where the
GPS is used, for exanple, in an urban area, a forest of buildings

of ten beco m Liguse a situation where a position

i nformati 0213131:‘ &3@ tus of a user cannot receive the signal
em ttedihromddie UPS satellite. Further, depending on conditions, a
signal diffraction or reflection often occurs due to the buildings to
cause an error The pgleshomoentsth rebas teaewethnitpienfyr threviding nabitiomtiniohmation.

leads to deterioration in accuracy of position determ nation. [0003]
‘Al t hough t héfire jspecifieadlyn Hieq s 1Rwabow irplgtes fo o tschuiges capable af wroakding

S, 2T onal YO0 SRR ek U e LR Rird 8 pe B Chy s
position detegkitddTrink §8atellite which emits a positioning signal.
15
BACKGROUND ART
[0002]
As a conventional position determination system, a GPS (Global Positioning System)
is known. A satellite for emitting a signal for use in the GPS (the satellite and the signal
20  will hereinafter be referred to respectively as "GPS satellite" and "GPS signal") is flying at
an attitude of about twenty thousand km from the ground. Any user is allowed to receive
the signal emitted from the GPS satellite so as to measure a distance between the GPS
satellite and the user through demodulation of the received signal. Thus, as long as there
is no obstacle between the ground and the GPS satellite, position determination can be
25  performed using the éignal emitted from the GPS satellite. However, in cases where the
GPS is used, for example, in an urban area, a forest of buildings often becomes obstacle to
cause a situation where a position information providing apparatus of a user cannot receive
the signal emitted from the GPS satellite. Further, depending on conditions, a signal
diffraction of reflection often occurs due to the buildings to cause an error in distance

30 measurement using the signal, which leads to deterioration in accuracy of position
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[ 0004] Wil e the above description has been nade about position
determ nation by taking the GPS as an exanpl e, the aforenentioned
phenonena are observed in a satellite-based positioning systemin
general . As used herein, the term"satellite-based positioning 10
systent neans any type of satellite-based positioning system
i ncl udi ng GL%ASS t,IgGLOoaI NAvi gation Satellite Systen) in Russian
Federation, Ghd GatT T eo in Europe, as well as the UPS. [0005]
A techni que [[)ath ed to a position information providing systemis
di scl osed, for 15 exanple, in JP 2006-67086A (Patent Docunent 1).
[ 0006] HoweAdghough thege 16 e ddvhiniqueoitiestving 8uan indadnared R vRAR &:PS AB61Awhich
there is a problemthat it |acks versatility, because_a reader or a
witer is uﬁaaa@én%@tegrfh@v%énwalgw 50408 551G St el JRsighlgy WRich gauses
system MO GRKRbuaf 0ufyNTRHsliOl addliddepg @ transmtier output 20
to avoid’intérierence, a recervable range rtor position information is
restricted, (pu4gh causes a problemthat it is unable to continuously
acquire position information, or an extrenely |arge nunber of
transmtters ar®hiehopbac desripbmehasdbem nedy aogieposjtion d#trolinaten by taking the
conventi onal _nobil e phone having a position determ nation functjon
posi tion 25 GIn¥ 87 ARtRERPIEahendorasntioned Rhenemengcae jabrervie e jsptellife-based
possible to 1 i pgnal_ from ife,.ns h . ik -0f .
Phe mobi 1 & BORSSHE sfdh IR enklsP™, & SEChULRS e ol bl PORLE 130i8ling
i npossi e tsPstéRC Qhdfs faafll PpdVRY EatellfbBhscdSpRfticnngl S8tetd @Rk1Rfing? GLONASS
‘buil ding or an underground shopping area, there is a problemof being
‘unabl e t o adglDbal WasigaticnSatelfier Ipstenyrin R3B§i@0BBeration, andsGalidersinr xsopenms
this problem for, e |l e, a technique is contenplated which is
desi gned to‘%ulaéﬂ“& an indoor area a plurality of transmtters
each capabl ?0@1‘5 emtting a signal simlar to a UPS signal so as to
calculate a position based on the trilateration principle as in the
UPS. However, iA téchhigu€ aslated tthed @odisord iffoohtiem pabviding i spserR ais alidclosed) Sfor
of 5 the transmtters due to a need for allow ng respective clock
ti mes ofl5t hexapplpgnil 2@G6s610864H Patent Dosgwnersdd.zat i on with each ot her.
[ 0009] [iYB eover, a radi o wave propagati on becones conpli cated
due to reflég ron in the indoor area, which causes another problem
that an error qi,waRENEn §8%Bhighe H18E18se i MR B 0059084 A, Wh@E G SroBREPhkSH
the installation of such costly transmtters. [0010]

lacks versatility, because a reader or a writer is unique as an element of a position

information providing system. Moreover, due to a need for limiting a transmitter output
20  to avoid interference, a receivable range for position information is restricted, which causes

a problem that it is unable to continuously acquire position information, or an extremely

large number of transmitters are required to cover a wide range.

[0007]

In a conventional mobile phone having a position determination function, position

25  information can be acquired in a location where it is possible to receive a signal from a

satellite, so that a position of the mobile pone can be notified. However, in a location

where it is impossible to receive radio waves, such as an inside area of 2 building or an

underground shopping area, there is a problem of being unable to acquire position

information.
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JP 2007-278756A (Patent Docunent 2) discloses a position information
provi di ng system capabl e of seam essly acquiring position information
i n indoor and outdoor areas, wherein position information (latitude,

| ongitude, altitude, etc.) itself about an installation 15 | ocation
of an indoor transmitter is transmtted in the same format as a

conventional format of si.gnal .froma UPS.satelli.te,. and a e
conventional c %Wﬁﬁ%ﬁﬁ%?%&ﬁﬁ%ﬁx@@%ratﬁcﬁ 5 ispeonteplied phich is
satel lites igguaads dRalRi IR R0 ardh BB ABCSH RbmiMetsNAM capable of emitti

nodi ficati or??%s}%%{:ae%t a@lr{okgdl?re%%t %ﬁf%rP Aé@g% 9;7;086A ZOBaSt ent “ acﬁr?eﬁltm%r:lga
JP 2007- 278%EnA dnd&l SR OkighaiEsol AdviaNddlcute RR6BItok BeckBhn ot \EReRNon

THE | NVENTI ON] [0011] 25Meanwhil e, there is an increasing need to
accur at el y @&geipleas pobe GPon Haweyardp lancase these i aquellesrof amincreagton cost of

areas. [Q01 Mor e. spegi f.i cal | inreqard to a i.Siti r .

ot | 11 cai oMt FASGURR o ' Arsrd e PRV oreesin Hoak et of P Hanovigrs o be
phone, a call 8hcR8siitRRvidecPEmkdentified by a call sent out from 30
the fixed-line phone, because an installation |location thereof is
prelim nari lj§g0hown. However, along wth popul ari zation of nobile

phones, nobile conmuni cations have becone popul ar nore and nore,
Thus, it often Meweres? mditheve propagatipy beedmesrcopwliratedhdug ir silagtionon the

in the sane.nmpnner as,.that in the fixed-l.ine phone, ,Further,.as t.o
mssage | n AHCBhEFRRESN Cove eler SithoR T o BB Bratl R 18 b Tt
positiongl nfeﬁilg%%d?é‘dés i@ihe iffRNaR@foflshQBodty RRIshdtplIone i s being _
pronoted. [0013] wever, in cases wher'e an indoor transmtter is
used to proyddeé] position infornmation to a position information
provi di ng appar.at us nobi | e phone having a position

det ermi nation ¥ n@@?'@ﬁs'ﬂﬁﬁf\ (a1°§teﬁbpoé‘9€a@ttl29 désclosss 3 movihen inéprgtipn providing
signal for n‘%steq’n %&ﬁgﬁlofssga?ﬂggly acquiring position information in indoor and outdoor areas,
wherein position information (latitude, longitude, altitude, etc.) itself about an instaliation
15  location of an indoor fransmitter is transmitted in the same forimat as a conventional format
of a signal from a GPS satellite, and a conventional configuration for position
determination based on GPS satellites is used as hardware of a GPS receiver without
modification.
Patent Document 1: JP 2006-67086A
20 Patent Document 2: JP 2007-278756A

DISCLOSURE OF THE INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]
[0011]
25 Meanwhile, there is an increasing need to accurately acquire position information in
both outdoor and indoor areas.
[0012]
More specifically, in regard to acquisition or notification of position information, for
example, in a fixed-line phone, a caller position can be identified by a call sent out from

3¢ the fixed-line phone, because an installation location thereof is preliminarily known.
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10 be transmitted to allow errors in signal synchronization and
capture to be suppressed. [0014] In an indoor area, as conpared
with a signal froma satellite, a signal having a sufficient

i ntensity can be broadcasted. Thus, it is expected that
synchroni zati on and capture can be perfornmed in a shorter period of
time than that for the signal fromthe 15sate|lite. FQmever, there is
a probl em t HRWSVEL j20ngoMith oppletizatiop 0f igkile Phofes-ofoblle sammugicatigns | have
suitable th er ' .
osi t1 on 1 nsinsy porsBl Rk and mbRCCTAL B ofoleborht (aBERE ni B pogition
I nf or mat i on ifboihieh il @leatine &xeahherrasithma&mrfa&&-nau?hbﬂen BurktR€,as it B message
where 20it is inpossible to receive radio waves froma satellite

whi ch emi t s im 28 qeagentyrthp devaloroment of dawd roatard imclydie pgsitipheinéoringtion in a
anot her need for osi ti.on_information providing system capabl e of
suppr essPng EsEAge fropya mopiiephops Ftbéﬁr‘gé’ﬁoé%‘ﬁféﬁ to enit a signal for
position deg&hglnation. 25[ 0017] There is yet another need for a
position informtion providing system capable of reducing a tine
required until Hpegdved, @Dcdsexl Whidi@hd DodrSransiaitier € tsed 0@ ide position information
Therefore, there is still another need for an indoor transmtter
capabl e of t¢ @argasitioni infpradion ployiding &pparatrsoeigdi Mapopds iphougnhaving a position

i nformation,, wi thout deterioration i.n accuracy,.even .n | ocatiqn,
where it i s PRPRSRIG Enony iy ey clsat il king of st fumar s Sengl shapld

ST T arngt P e B b B S Mmoo i s o B B Rt
cost [0014] :
In an indoor area, as compared with a signal from a satellite, a signal having a
sufficient intensity can be broadcasted. Thus, it is expected that synchronization and
capture can be performed in a shorter period of time than that for the signal from the
15  satellite. However, there is a problem that it is not exactly clear what kind of signal
format is suitable therefor.
[0015]
Therefore, there is a need for a position information providing system capable of
providing position information without deterioration in accuracy even in a location where
20 1t is impossible to receive radio waves from a satellite which emits a signal for position
determination.
[0016]
There is another need for a position information providing system capable of
suppressing a cost of a transmitter adapted to emit a signal for position determination.
25  [0017]
There is yet another need for a position information providing system capable of
reducing a time required un1lti1 position information is acquired.
[0018]

Therefore, there is still another need for an indoor transmitter capable of transmitting

30  a signal for providing position information, without deterioration in accuracy even in a
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50f a transmtter adapted to emit a signal for position

determ nation. [0020] There is another further need for an indoor
transmtter capable of reducing a tinme required until position
dnformation is acquired. 10 [ MEANS FOR SOLVI NG THE PROBLEM [ 0021]
‘According to a first aspect of the present invention, there is
‘provided a position information provjding system capabl e of providing
‘posi tion i nfi8taHaR PEsredts e@%osalg@éw@%’?r & Mavsdromye satefhie Wiish ety &sigial
spread spectgd, Sﬁiograg‘!enﬂiﬁé}g&neach of a plurality of satellites. 15 The
position infor I'on providing systemconprises an indoor transmitter
and a posi tifomg)nformati on providing apparatus. The indoor

transmtter includes a storage section which stores therein position
data for identiThereig yahstillawtiet ageddor 4noiodeadr dranghittetheapibie obsuppressing a cost
transmitter, a generation secti.on for generating an second

posi ti oniPng @P&%ﬁﬂmﬁﬁﬁdﬁﬂf"ﬁ@ PHEA Higaal fqr gRsition ‘é";tg"%“a&"%pr ead spectrum
signal, and [ ansmtting section for transmtting the generated 20
spread spectrunrsignal. The position information providi ng apparat us
includes a receTherai mRtHet QitthbOhicddefoeial iifdboR tSfnEaaer GpaslE bl Mdut@aa time
an identifying section for, based on a plurality of code patterns

rel ated to treguired psil pesidos méematipoisiacquitsilng si gnal s, identifying one
‘of the code patterns which corresponds to the spread spectrum signal
.received by the receiving section, a determ ning section for, based

on a si gpal i ANeerm 1 he recei ved spread spectrum
si gnal guigl ng t Aghg;gggl@p%’ttern ﬂSﬁﬁJ{%é} by the identifying section,
det er m ni ng [@#Bigh of the first and second positioning signals is

recei ved, a position information-deriving section for deriving .
_posi tion inforngputingto g Hastpaseedtidrihe presentainyaniopr Goiedis myovifesha qosition
whil e sw tchi et ween..processin S dependi, on a result of.the
ot er m nat | gitomgtanaRo e SFEE chPaR i aro GRS dov e, ARt B bed i i
i nformati on ydefibigel sibMal thHEchPi0 2 sbie@ spddtr@iRdnaCfod /AN bINDpIaRGly Satelli&s,
second positioning signal is configured to repeat a sane content .
message 15n dheyobitiors indertnationt pramidirigatystefn domprifdsrastinguos irtnsonifterging iagrosikion

[ 0022] Preferably, the,second positjoning signal conprises a ) i
plurality of™Ppa & pesidreanDARtcl ndpgr fraappityr Beluges atoragicticiym which
which is at 1SS LN} -datf.a - | t -
dot ecti on s rappatblihe R ALl g UL B 8 1 b wapemiter
frames is vargablagors etctiof ok fdheraing ds secutd! pdsitiohing stmah imefudingetht rpassn
include a word having identification information_ indicative of the
nunber of t K@atawes aispreadrigeatiunn signgl, and aftrepsreiltingcegtn feommemitingthy cepdiated

second sitionin ignal co | Ses . l.urality of frames each.

"ncl udi 19 a B APPEG LG ds 6 R B OB Brovidie aPutr ilides 2

of data to l?@ceﬁz‘dm' | R6H&0r! PecBivinla FRIAGHLAAm abth WASH& R iRe L&ATH RY, OREd

of the words In each of the fr rre%%i; ncPudes ag%r’eanbl e fggr ’

est abl i shi ngnf a giwalitynehreadel patenonradated ng the dasty amiy secand dositioning signals,

remai ni ng words _other than at | east the |eading word, in each of the

frames, inclqraEfyenspre ghihe ¢@de atierns which corresponds to the spread spectrum signal
received by the receiving section, a determining section for, based on a signal obtained by

25  demodulating the received spread spectrum signal using the code pattern identified by the

identifying section, determining which of the first and second positioning signals is
received, a position information-deriving section for deriving position information of the
position information providing apparatus, while switching between processing modes
depending on a result of the determination, and an output section for outputting the

30  position information derived by the position information-deriving section. The second
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15i s updated every tinme the word data is generated. [0024]
Preferably, the first positioning signal conprises a plurality of
first frames each including a plurality of first words each of which
is a transmission unit of data to be subjected to error detection,
wherein each of the first frames includes a first preanble for 20

establ i shing franme synchroni_zation during recejving. [0025]

Further, th 0%%%8%@9@ 1% PARiERigd 49 frmatt W&oaﬁpymg%ﬁ%we@w& shorter than
plurality o amps.eaeh including a plurality of second words
each of whi félﬁ?gtﬁgﬂ{sfrtgnsm é@las%ﬁmjunit of data to be subjected to error
detection, \#mepin each of the second frames includes a 25second
preanble for establishing frame synchronization during receiving, and
wher ei n t he sedswferablye &b second spoditioning evignalijcofprissst a friwplity heft frafmes rpach
first preanble...[0026] .Preferabl he, pasi ti on .i nf ornati on-deri vi.n
Secti on 5o GG REIB, TSt AR Wt P GAPTYS S R Q He st bigeed
fromthe in 4050k ot LI frbed f .
si gnal obt a?‘ﬁg‘fﬁoﬁ rough’ %ﬁ%‘elgetﬁ%gglﬂg%ri %n@gﬁﬁgzﬁkgﬁ&aggFﬁPa f|0ttm§/ of 8
the first pesfdblyostn@nd shgakds asmitoBagi eacldl off thé driimes 66€hdd Agwbidehaving
second positioning signal, to calculate the position information
based on t hideplifigatipn injorgratipremdiogiave of preanunbspelthe wmds copstitusing [ledrnie.
Pref erably, @g} position information providing apparatus i s adapted
to be capabl[ 5 conmuni cating with a conmuni cati ng apparatus for
providi g posi sk Riedkohil YoRbiiGE ABBPChARACs"S (hualonis Bhtet
data, via a commniacg‘ti ongffc:one,%’ogﬁd l’?%e osicdto}?l‘1 n%s\rg\% g?urrragfoé]- eri vie%%h
section is opkdiy eplumtignoftweds eckiof whithdea trammisshaainites dataco e gajected
positioning signal, to comunicate with the conmuni cati on apparat us
based on t h& $rHEdeicsticnstndoRhaein 4 leadingcangiof therwardpinsaeh offhe Epmesigeludes a

I nformati Onp%%l%gl%i f%% eegtawisthglngt ?r%n%osiqugh%ljﬁéa{tﬁ%t éu%rﬁgdr%(ge?ving, and the remaining

words other than at least the leading word, in each of the frames, include count data which

15  isupdated every time the word data is generated.
[0024]

Preferably, the first positioning signal comprises a plurality of first frames each
including a plurality of first words each of which is a transmission unit of data to be
subjected to error detection, wherein each of the first frames includes a first preamble for

20  establishing frame synchronization during receiving.
[0025]

Further, the second positioning signal preferably comprises a plurality of second
frames each including a plurality of second words each of which is a transmission unit of
data to be subjected to error detection, wherein each of the second frames includes a

25  second preamble for establishing frame synchronization during receiving, and wherein the
second preamble has a pattern different from that of the first preamble.
[0026]

Preferably, the position information-deriving section is operable, when the second

positioning signal transmitted from the indoor transtnitter, to acquire the position data from

30  a sigpal obtained through the demodulation, and, when a plurality of the first positioning
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[ 0028] According to a second aspect of the present invention,
there is provided an indoor transmtter capable of providing position
information by use of a first positioning signal which is a spread
spectnun signal fromeach of a plurality of satellites, and a second
15 positioning signal conpatible with the first positioning signal,
The indoor transmtter conprises: a. first storage. secti.on_which
stores ther éi&qglﬁﬁ? 51 ed atithopt recpiyiig: theyerpdaRoSGanme sighalolp Falewiate dhe
of the indoqy, L tLker. h [ 1] an
second posi BPanw R EHaa] basll HARE RRHIRPAEGEN Aplea] REREE Bl 20
spectrum si gogd7; and a transmitting section for transmtting the
gener ated spread spectrum signal, wherein the 20 generation section

i s adapted to dueferablyethetposition drformpdien prayiding)apparptes is iadaptedcto be qapaidepf
as to repeat a same.content nessage in a cygcle shorter, than that of
The i1 o8 peoPENBITIE WHGhCAmm R 650g sPberate r BoRURYE P HOR FREt hipgetion
transmtter, i LELani N i gnpal I Lurali "
first franegsggglgﬁai @ug‘ﬁ%ﬁ%ﬁg’? u(?aé i 1‘.egé i %?IFHB% ﬁz\;s\tgorngsl&eehcaﬁhoi%mﬁﬁ%ﬂm
i's a transnmigsmiontabiivind s@tioflad Spekdbld) entiet Rhe flceidling Ge@lonOkceilRl alid skBnd
wherein each of the first frames includes a first preanble for

est abl i shi ngositienieg signalh to rromatuninatedwith nidie reoenviication appersthe besedooml the

positioning.sigpal. cogprises a.plurality of second franes eac )

i ncl udi ng a“f?ﬂ‘ﬂﬁ%ﬁ“f’?y i tge&%HHQ vdg‘F dgosgéélﬁelé?eﬁmﬁl'}@ﬁ’aﬂgn aasﬁ‘?%ﬂ%“gm“g@i dke
unit of jgat pected to error detection, wherein each of the
second ga%&?ﬁ%ﬁagg%’a second preanble for establishing 30 frane
synchroni zaf$@»8] duri ng receiving, and wherein the second preanbl e has
a pattern different fromthat of the first preanble. [0030] )
Preferably, inAd%erdingdedy secenshasppattadrthe pigsenganvenisan, dkere escprpwided an indoor

10 S, A8 B AT

I nvention, %?Jheis'assﬂ?éa‘avépg&ﬂm? sIRAINES WacP Lo Y ﬂhﬁg\gp&]ﬁéﬁ&éllﬁ&, and a second
information by use of a first positioning signal ichi1s a spreade
spect r uid si gnatiorfing sped clomphtitde phithr éhb ifiryt wisitmaing| digitak s . ThEHedove thhoghitter
conprises the step of |l oading position data for identifying an . .

i nst al | at i ofOPBASEE dATHsloRree) $saE%y Whichderey therein pREtiap détﬁégf gentifying an
generating : kb QR 1| J I: : Il

as a spr ead%{sgtpazlg Oﬁﬂ%ég@% rc#z.atllh;8 mdﬁgr ‘Z‘Pg‘%% ’ at%g%gﬂﬁ‘l e|‘L'I§]n(g1 ffgﬁééné}eaﬁ]g% %ﬁe& ond
spread spechbsifidrfingdRiphal iMdRIdEEE theOpositRMmEdMh,Ngs thepresRFdEne dpsd)f @adl a
spectrum signal; the step of, based on a plurality of code patterns
rel ated to tresofiftingtseefind for tlonunipingi the @rnerged ispmad specirararsignaly iwhgreim ghe
of the gpde %%E_t.erns whi c cogresgonds to the recejved sprea

spect r ufi? si §HEFAHOR SRFUQR ypdgpted [o-aeaeratsihgsepandpasiiioping steap R qughp manner as

denodul atin ' : J ' i ' ifled
code. patt er . REt BEAE AR R RS HORRLE HR) RR el B ol Rkl
signals is [@2e] ved;, the step of deriving position information, while

swi t chi ng between processing nodes depending on a result of the

det er m nat i on; Pxferablsicingheipdest trnsmpiites, ithrglitshposiioningeingbennnrises 2 plurality
i nf tion, in the. d Ltioni jgnal J1s.generated to
opeat o safeiBOhThRdbREEEE s Ry oL i ol MR B
first positipaineh &l Gdfkted BRUES: ddeelEil, Riefdh Eloh Ui RAVENGS hA0&%]a first

preamble for establishing frame synchronization during receiving, and the second

positioning signal comprises a plurality of second frames each- including a plurality of
second words each of which is a transmission unit of data to be subjected to error
detection, wherein each of the second frames includes a second preamble for establishing

30  frame synchronization during receiving, and wherein the second preamble has a pattern
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FIG 1 is a diagramshowi ng a configuration of a position information
provi ding 25 system according to a first enbodi nent of the present

i nventi on. FIG 2 is a block diagrama hardware configuration of an.
i ndoor transmtter 200-1. FIG 3 is a diagram conceptually show ng
one node of data storage in an EEPROM 243 provided in the indoor

transmtter 0-1, FIG 4 is a diagramshow ng a structure of
an LI -banddéf%ﬁ”égﬂ’é‘t@?t@ﬁ@efkfﬁw-tted 30 by a transmtter nounted

onaGPSsa:[ 3jte. FIG 5 is a diagramshowi ng a frane
structure of an I MES (1 ndoor MEssagi ng System .signal. FIG 6 is

a tabl e show n@referabipPal iheGRddR toRER tRr, Bé Ueneddtioanebdda inMagesadentificRton
ID) and a frane length/content. 5FIG 7 is a diagramshow ng a frane

struct ure wHataassheiated ssthgesitigpeeldt®l inforthaGon 1 . FIG 8 is a table
showi ng pes e%uive exanpl es of data contents in the frane,
correspondi ﬁ(ﬁ) |l ues of a bit length and an LSB (Least Significant

Bit), and a1 anageditoie S HRE SSREHor ik Gresdd fivdhdh ALAM BRAMAY Bethod of

frame structuré wWhensthe nass ge-type

tabl e show pgvidesP pedifione inEraiXBbe byOhse At & B NosHibAing GRmaE SARCs N spread
values of a bit Ieggth and an LSBy( Least Significant Bit), and a d

range to bespxpuesigndl freth@chldf 4 pluslith efjpatethtes oviihe gnethofl rcamprisss tacstep of

when the massage-type ILDis 011", FIG s _a diagram showi ng a

frame st ruclBHBE pREHoR Ada rfars@slaéywﬁ@ Fhefion isaion el miopr st dhe

di agramyg h I fi.gu ' Ay i nf

T5pr ovi & ng b SLPEr A Selbdd RoeBlonth OBl it AL BBHHAE deta an o gpread

of a processjeogurh Gigasl; Il stepr sTaeniittidpethp @edetdt@nsprdall QpviinOngral; G slepef

apparatus 100. FIG 15 is a diagramshow ng a screen inmage on a

di spl ay uni recgizmgdhe rpnsmyitast spregd spevlrgmnsigriab rihgsteny ofg bergd ap parlurelity of gode

20FIG 16 is bl o di agr shqwi ng .a confiquratjon of.a position

[ nf or mat | on PGV AR Gapa e SSpt RS GinE  als  e Per g o e code

enbodi ment  ghteheyREIE SFkspdraY &1k Qbeived spread spectrum signal; the step of, based on a

15  signal obtained by demodulating the received spread spectrum signal using the identified

code pattern, determining which of the first and second positioning signals is received; the
step of deriving position information, while switching between processing modes
depending on a result of the determination; and the step of outputting the derived position

information, wherein the second positioning signal is generated to repeat a same content

20  message in a cycle shorter than that of the first positioning signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032] |
FIG. 1 is a diagram showing a configuration of a position information providing
25  system according to a first embodiment of the present invention.
FIG. 2 is a block diagram a hardware configuration of an indoor transmitter 200-1.
FIG. 3 is a diagram conceptually showing one mode of data storage in an EEPROM
243 provided in the indoor transmitter 200-1.
FIG. 4 is a diagram showing a structure of an L1-band C/A code signal to be emitted

30 by atransmitter mounted on a GPS satellite.
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FIG 17 is a block diagram show ng a usage state of a position

i nformati on providing apparatus in a second nodified enbodi nent of
the present invention.. 25FIG 18 is a bl ock diagram a hardware
configuration of a nobile phone 1200 in the second nodified

enbodi nment . FIG .19 is a block diagram show ng a hardware
configuration of an information providing server 1230 in the second
modi fi ed embodiFifént .is a diagram sho@ing® @ frames stdichiye af ashBYES ¢ Indopr Yfssaging
structure o% a jggifLed | MES signal. 30FIG 21 is a diagram show ng a
frame struct¥ £%he nodified | MES signal when the massage-type ID

is "000". 22 il ' ' I .
cont ent's, corr eapondr i At SR hRS AR B (Rt 7L )
Si gni fi cant aid 4 fram@kdgi/coage to be expressed . FIG 23 is a diagram

showing a frane structure when the nassage-type IDis "001". 5FIG 24
is a tabfe shoWil®g ierdingtaasshofving afzame sowtienwhensthp massagertypn ID & "000".

Corr eSpond NG (LU Bl T R el FSE R f RSB, i B850
st ok ihes o BBy %o SR SR B Bt
[0033] 10: pgsessédon information providing system 110, 111, 112: GPS
satellite FIG. 9 is a diagram showing a frame structure when the massage-type 1D is "001".

10 FIG. 10 is a table showing respective examples of data contents, corresponding values
of a bit length and an LSB (Least Significant Bit), and a range to be expressed.

FIG. 11 is a diagram showing a {rame structure when the massage-type D is "011",
FIG. 12 is a diagram showing a frame structure when the massage-type 1D is "100".
FIG. 13 is a block diagram a hardware configuration of a position information

15  providing apparatus 100.

FIG. 14 is a flowchart showing steps of a processing to be performed by the position
information providing apparatus 100.

FiG. 15 is a diagram showing a screen image on a display unit 440 of the position
information providing apparatus 100.

20 FIG. 16 is a block diagram showing a configuration of a posilion information
providing apparatus 1000 according to a first modified emBodiment of the present
invention.

FIG. 17 is a block diagram showing a usage state of a position information providing
apparatus in a second modified embodiment of the present invention..

25 FIG. 18 1s a block diagram a hardware configuration of a mobile phone 1200 in the
second modified embodiment.

FIG. 19 is a block diagram showing a hardware configuration of an information
providing server 1230 in the second modified embodiment,
FIG. 20 is a diagram showing a frame structure of a modified IMES signal.
30 FIG. 21 is a diagram showing a frame structure of the modified IMES signal when the

-9 .



120, 121, 122: transmitter 15100-1, 100-2, 100-3, 100-4, 1000, 1160,
1170: position information providing apparatus 130: building 200-1,
200-2, 200-3, 1110, 1120, 1130, 1210: indoor transmtter 210: radio
UF 220: external synchronous link port 20 221: external clock port
230: reference clock 110 bl ock 240: digital processing block 250:
anal og bl ock 1010, 1308- antenna 251140, 1150: regi on 1220: |Internet
1380: menor yaagsegertypadD is W000'ROM 30 BEST MODE FOR CARRYI NG OUT THE

| NVENTION - 10 FIG. 5201'ggﬂble showing respective examples of data contents, corresponding values

of a bit length and an LSB (Least Significant Bit), and a range to be expressed .
FIG. 23 is a diagram showing a frame structure when the massage-type 1D is "001".
5 FIG. 24 is a table showing examples of a data content, a bit length, a corresponding
value of an LSB, and a range to be represented, in each frame.
FIG. 25 is a diagram showing a frame structure when the massage-type ID is 011",

FIG. 26 is a diagram showing a frame structure when the massage-type ID is "100".

10  EXPLANATION OF CODES
[0033]
10: position infonnatioﬁ providing system
110, 111, 112: GPS satellite
120, 121, 122: transmitter
15 100-1, 100-2, 100-3, 100-4, 1000, 1160, 1170: position information providing apparatus
130: buiiding
200-1, 200-2, 200-3, 1110, 1120, 1130, 1210: indoor transmitter
- 210: radio IF
220: external synchronous link port
20 221: external clock port
230: reference clock I/0 block
240; digital processing block
250: analog block
1010, 1308: antenna
25 1140, 1150: region
1220: Internet
1380: memory card
1462: CD-ROM

30 BEST MODE FOR CARRYING OUT THE INVENTION

- 10 -



Wth reference to the drawi ngs, the present invention will now be
descri bed based on an enbodi ment thereof. In the follow ng
description, a common reference nuneral or code is assigned to the
sanme el enents or conponents. Such elenments or conponents 5 have the
sane nane and function. Thus, duplicated detained description

t her eabout iﬁdal be omtted. [0035] <FIRST EMBODI MENT> Wth reference
to FIG 1, 6LI tion information providing system 10 according to a
10 first enbodi }efé}énctefa@aﬁrd?a%ﬁﬂ s &H%ﬁf&%ﬁtqﬂvéﬂnblll whPn&l% B€ tbhfbkd Habdd on
1 is a diagram show ng a configuration of the position informtion
provi di ng sys teeoditheniT therepDd s ilh itleen fail lofvixignadsirtytion) o \cbmhinng 8fessnesiiferal or
conprises a plurality of GPS (G obal Positioning System satellites
110, 111, 1$ode Huassighedniohe whpe isleaisnissoracosipgnelts. f Grucl slemepisrpr components

e o3t B BE SR g GSLT S, BSBAT bt e htastl U

ground, andpgqpitggal ity of position information providing apparatuses
100-1 to 100-5 each of which functions as an apparatus for providing
posi tion inf@38hti on. When each of the position information providing
appar at uses 100 1 to 100 5 i S 1%gneri cally described, it will be
referred to as < tion providing apparatus 100". For

exanple, the p nf o L.QVi. par

Cornnal havi ng i 8% oAl P L SRR AR SRR RS oAR0: TR B3
a nobi | g0 Ph@Re emBodRehAITIR ;ﬁé&enﬂﬁ*\/énﬁaﬁ WIS ISEEHBIOT FIE.NEE 2 Wi anesHIAGE
p05| tion determ nation apparatus. [0036] As used herein, the term

'posi tioni ng semfigatatimosi theowosiemermfonaanamn psivighag )sysumariﬁ a 'Bier pagition
spectrum signal, for exanp so-cal l ed "GPS wever, _the
posi ti oni ng r&@ﬂrﬁtlaﬁaxo‘ffdg’gﬁéfﬁtemﬁﬁm%@aﬂf% 3 f@b@f Q%ZQ obal/!a%%wa& Sysiem)
following d t4.8N I 4:5b n
s use ng a Agu AN A LG BORRKA AR SRR IR elifntrion
the present (heplgdfel dfertedl tala opoaniahingatgnel"j Qhﬂeﬂﬁ{lﬁg A€4n aﬁtueb bf dtubssad
position determ nation system (such as the Galileo or the QZSS

(Quasi - 2éni thousidekini flomSyist ergupd [aQ@W]PllSGiFtMrO%X’aﬁfwle infgrigedipe providing

frequency of _th y. be. 1575. 42 a

. pr ead) ng PIEERAY-b 1S 1 RicHAE Ry Tionay i g Mo firciseifig Posifon
this case, afheBBRNCWHEL emeop% bbARINNGISthENS PRAGAAE SpSisiades t100-1 to
that of a G/ A (Coarse and Acquisition) signal in an existing GP S Li
band. Thus, 180-6rigigenceicallyofesenibedxitswillnige refesietli torusigesiignalformaten provgling

circuit (e.g., UPS signal receiving ¢ircuit) can be diverted, so 5
that it bec&%éa%@ bl T EARRIF-G P P%&l%gﬁowwn.m*?‘eﬁlﬁ&ﬁmw% H\S?ifﬁﬁyrkj’a

appar ot 40, o Wl BERE! Y Col BRIAIPLSRR! QiR 1ol Yoot ARG Vhone, o

sof twar € for process 0 rom

new har dwar @ogdhlCdsk haw&a@ieﬁ@}ste}}h@r diﬂﬁlrﬁdbﬂelbﬂgy pdsﬁmldemlnb@o bl’aﬁfé ed
with a 1.023 Mtz rectangul ar wave. In 10 this case, for exanple, if a

dat a channell0G3hkreof is the sane as that of a p05| tioning si gnal

which is newly planped to.b ransmtted i and can
ocelve t o podRrRBhpgbahg i Bnturne sed (rafenasiibai YEED: ity o
and pr 00355?151‘9& @ctHﬁW&gﬁal?}'_féf' Q%;ﬁ#pge Bshl ?éde"@% ﬁ% at"he {f&nﬁlﬁggﬁ%oening

wave i s preferably 1.02 equency for t m)du ation
set by 6adeigadlfis nottlimisdac theabPS sipmdl.at Alloukh theafotibwing Glesonibtod eilbbemade

wh based on one example where the GPS is use as a position determination system, for ease of
explanation, the present invention is also applicable to any other satellite-based position
determination system (such as the Galileo or the QZSS (Quasi-Zenith Satellite System)).
[0037]

30 For example, a center frequency of the positioning signal may be 1575.42 MHz. For
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150t her signals. [0039] A transmtter 120 is nounted on the UPS
satellite 110 to emt a positioning signal. Further, a transmtter
(121, 122, 123) simlar to the transmtter 120 is nmounted on each of
the UPS satellites 111, 112, 113. 20 [0040] Each of the position
i nformation providi ng apparatuses 100-2, 100-3, 100-4 having the sane

function as that of the position informatiqon providi ng appar.afus )
100-1 is us%P’@Eee\?equa ing freguency i thi epatinng élgaqlfmaycgq ﬂ-Ogngf?Iadﬂa this

waves to pepgLr -Bui:] di; u ﬁ@&p i
area, as deéhg%’i%%gqlﬁg%év? ﬁ%@?ﬂg%ﬁl‘g %ﬂﬂall]i%g?rﬁ%s %ﬁﬁu@ﬁﬁg%@o@% I n%oaglrg
transm tt er AQksitlon) Ssigifal &€ R@dediting GRS |LINGawt. tTes,18tfdnk-eed obfant Bfsting
buil ding 130. The position information providing apparatus 100-4 is

oper abl e t opesBivaingsigrahsstiving pirenit ©iggr{allS dgial resdivingancuiblecah g gloverted, so
transmtfier 200-1. In the sanme nner, two ,pdoor transmtters 200-2,
2003 arb. AFaRHEIOTS EESPRGeER TR B SR BB 0 (o
building 1 : - Fac j I it 1 200-
200-3 15 oney HEREBFULY ol By R EhR Sk K IR F gl o e
i denti fyi ngfréit-ehdSiiBbhtatdion a hew dbidemreadirctine | ndoor transmtter, as

described later. [0042] In the underground shopping area, a plurality
of indoor tl08%¥mitters 200-4 to 200-6 5 are attached on a ceiling

oper abl & 1o oLt PP TEPLen e SR BEI A Wi cetipight page. 1o
i ndoor ig angfyl LiELks 6(%91%’8]%,_ itg Q. d%%ocﬁgnnel fheI'éﬁEF H8S6ne KA oPh tpﬁgiﬁo - i?%%@ﬁal

transmtters 200-4 t I's also operable to transm t ere

i nf or mat i onwhioh isdiesdcpihinet debd irdnsmitg:ddn tlierslt tzant 24 wsencah eereivieale wisitiohing
i ndoor transmtter, as described l'ater. 10[0043] Alternatively,
for exanpl esigngl USHE| 4IRCEIVEToPAPARIY Afereesiying yad areceping Heangvo &H1S @éﬁ%erA
204 is instglled in.the upderground.shoppi ~and L he each of
the | ndoor Freiftm bf URCrUBRERE $45008 dRRE. PUET Mty hafieiRE Br e
t her ef r om i lediifonGady W ket Bf QAERIT Ath 3p&a8l RpAGHM foPa@idihg ffidterdick Wi
| ocation of the indoor transmtter (i.e., intormation for indirectly

i dent i f18 ngoth&Sigaalsi nst al | ati on | ocation of the indoor transmitter),

i nst ead Ofe@B dgnstal | ation |ocation itself of the indoor transmtter,
as describe®?4dter. Further, the posi tion information providing

apparat us 100- 3 Ry, e ¢80 QULRG 4P s 5k ?a{ﬂﬂieit@flgbrté’ .e@ﬂoijl%qsitioning signal.

position-related 1nformation equivalent tot entiftication

i nf or mat i orFurther, khentmoicat (138221 1220 4invilad tathb asasnsittert 1201is 2@a@ntad 6n dach of
network (e.g., nobile phone network). In the building 130, the

confi gur at i‘gﬁGfﬁ saighitasddltld2sHdd an i nquiry about position-rel ated
informaid' On[Obc?O]a | ocal server may be enpl oyed. [0044]

Each of the position information providing apparatuses 100-2, 100-3, 100-4 having
the same function as that of the position information providing apparatus 100-1 is usable
even in a location where it is difficult for radio waves to penetrate, such as a building 130
or an underground shopping area, as described below.

25 [0041]

In the building 130, an indoor transmitter 200-1 is attached to a ceiling of the 1st floor
of the building 130. The position information providing apparatus 100-4 is operable to
receive a positioning signal emitted from the indoor transmitter 200-1. In the same
manner, two indoor transmitters 200-2, 200-3 are attached fo ceilings of the 2nd and 3rd

30  floors of the building 130, respectively. Each of the indoor transmitters 200-1 to 200-3 is
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In cases where a plurality of indoor transmtters are installed in
the sane floor as in an underground shoppi ng area, an out put
intensity of each of the indoor transmtters can be 25 adjusted to
limt a size of a region to be covered by one of the indoor
transmtters. This nakes it possible to elimnate a need for
increasing an intensity.of a.signal to he transnmtted fromeach of .
the i ndoor DPiFRa et g enar prvaie 1SebieRg Heot fecd SuABRop Sion
to a value gapdlindolr Rinshfss ok RadriBed @ Oor regulations for regulating
the use of radio waves, such as the Radio Law in Japan, so that
speci fic auffude] zation to the installation beconmes 30 unnecessary.

[ 0045] In the first enbodiment, a clock Iinme of each of the

i ndoor transni the &reswgergronnd shoppimg g -wplwalithed indens dransmpiftaes APt 200-6

e A T SN 10
satellites gggablgﬂémcéyééﬁosft%ﬁg(sﬁﬁgl,%‘rhlﬂgéfr%ﬁr@c%ﬂ the ggb&j t[‘?lgﬁl%ﬁ%o-zl

referred to satellite clock™i e 1 ndependent .of eac

ot her, i.e. to2ie6.griaukid cadepeich toff ke iadabr tiansnsiaére 200-Hao QDOEKs hlstrepeaside to
not required to be synchronized with each ot her. However, the i
satel |ite claesaitthersgomfinipreatigndorsiiresily identyiag an pustallptiasidogapiopef the indoor
synchroni zeg_ Wi t.g eag{{% Orbh&\@f Thus, each of the satellite clock tines
i s control | SAPFYERSAEEH Dck nmounted on a respective one of the
GPS 10 gpteldosbps. According to need, the ground clock tines as the
clock tinmes of the indoor transmtters 200-1, 200-2, 200-3 or the

i ndoor transm AlermetiPd-fdr 26l a cAffigBativaymdycbepengfl@yedlih which a local server
synchroni zed wi th each other. [0046] A spread spectrum signal to be
emtted as §O‘b§§P5‘L“Fu§ﬁi‘%§he§P’§ﬁT£F°uPiié RRieRTess apdhie pach piiRe Hdpprdrapsigytters

t he UPS sat I | S t . i. i. i )
W th o PRN OB NGRS e R AL Bt AR A HRRRARE wicy
i ncludes cl ag kstalléfondadadion Of Bk tinddat RansalittR(ias, iffdiBatndor BaREHN &fehtfying
correction data. Each of the transmtters 120 to 123 al so hol ds data

( PRN- | D1§ | Deminstallation legaipn pihe indeot trdnymiign) instead efrfgrinstaliaory lpeagion diself of
123) itsel f ,or. the UPS satellite, ting t mitt 120 to ...

153) . 20" [ OBRTPHRABSEIE G SRR T3FB0T o s PR RBroKidine
data and a g t&efb%[ﬁg:gjé bk Rn .t%.ts'eﬁlga@%rﬁiﬁfrt‘r%%dtmmﬁﬁo&%ﬁ?él i@formation

pseudo random nol se co osition in t1on providing

appar at us 16ghivateno pethaideayrificationdsfoanstion] © the bealviengr a0 omid base btaigon 202

signal, to performan after-nmentjoned denpdul ati on_processi ng, using
1

a code patt 8hadietorssEgdonole Bpmsrchuikl dpdbe bpdénad 3Pahgoenfigirai
Co P B SA8H ol bif SRR o B bR WP b

satellifés or oor
identify fregployed.
[0044]

In cases where a plurality of indoor transmitters are installed in the same floor as in an
underground shopping arca, an output intensity of each of the indoor transmitters can be

25  adjusted to limit a size of a region to be covered by one of the indoor transmitters. This
makes it possible to eliminate a need for increasing an intensity of a signal to be
transmitted from each of the indoor transmitters, and facilitate setting a transmission power

to a value equal to or Jess than a law or regulations for regulating the use of radio waves,

such as the Radio Law in Japan, so that specific authorization to the installation becomes

30  unnecessary.
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which of the satellites or the indoor transmtters the received
signal is emtted. The PRN-ID is included in data of an L1C signal as
one type of positioning signal, so that it is able to prevent signal
capture/tracking using an erroneous code pattern which is liable to
30 occur when a reception level is low, In contrast, the PRN-ID is
not included in an L1 CTA - 14 - signal of the existing UPS. [0048]
[ Transmi tt ef004Blnt ed on UPS Satellite] A configuration of a

t itt to,b t ed,. UPS, sateldi i Il Kk ,
oni'y the out | | RSP ARG aciaek deqit et e Ohtr B et 00 a9P-2
the UPS sat ghd.5 tof ¥ inHodGratlGatetsLR\-L 00w, 2606 R c1dRihd aMF Hkrk Bftet be

LE)

120, 121, 122, 123 conprises an atomc clock, a storage device
stori ng t heteféirreddabs’gramdebck tibat omda dakitime & eptloafabsGRY sateltienil 10,10t
generating a ositioningﬂsignal, an encoding circuit for subjecting

the signal §Faddaliba clogk time willokeaenalieg be refensd toras "spellitearleghetlime ) may be
encodi ng, anp ransm tti.ng .antenna. The 10 st orage Vi C ores

Cherei n a nagroatPg R e {hoReaRnad Shrk Rk o2 Ml RnliRiedRaner
of ares peC}eEMi?ecpﬂeonJ EREnikESwRR 84 bthES MLl QNI RARHE cIoOK figel bf e
data, and a PRN-1D. [0049] The processing circuit is operable to
gener at e anGBfitsgielliteg areasgdagd to bs symghrohizekwith aechiotifenr MHtus onack obibe tdielite

atom c clock, and the data stored in the storage device. 15[0050!1
In the trandfsk times is copphed by an ptonaie sk rm ofbp Jespeitre gpatafdhs GPS

for theyspr .spectr encodi ng,i s _pre-defined on,a : .

tr anom 1€ or SIEE AP T B EteRdne RrRgf SRR (B Yo ctosk ey af s rp
di fferent ofaRmittedN360-1 ! B0-DY20bIRHSHeih®or Raginfittérs 2004, 900-8, 580 may be
satellite-by-UPS satellite basis). The encoding circuit is operable

t o spect r unprsferablosynchrofizedwitiressb ather.usi ng t he above pseudo random
noi se code E@ﬁ@ of the transmtters 120 to 123 is operable to convert
t he encodedtsifgnal into a high-frequency signal and emt the

convert o0 = Il nEB.CHESRuBENg 1 e LR BT S5HAY. FMTINY cP5F
spread $pectrinsmitters of the GPS satellites is generated by modulating a navigation message with a
PRN (Pseudo Random Noise} code. The navigation message includes clock time data,
orbit data, almanac data and ionospheric correction data. Each of the transmitters 120 to
123 also holds data (PRN-ID (IDentification)) for identifying the transmitter (120 to 123)
itself or the GPS satellite mounting the transmitter (120 to 123).
20 [0047]

The position information providing apparatus 100 has data and a code generator for
generating a plurality of types of pseudo random noise codes. The position information
providing apparatus 100 is operable, in response to receiving a positioning signal, to
perform an after-mentioned demodulation processing, using a code pattern of a pseudo

25 random noise code (pseudo random noise code pattern) assigned to a respective one of the
transmitters of the satellites or a respective one of the indoor transmitters, to identify from
which of thé satellites or the indoor transmitters the received signal is emitted. The
PRN-ID is included in data of an L1C signal as one type of positioning signal, so that it is
able to prevent signal capture/tracking using an erroneous code pattemn which is liable fo

30  occur when a reception level is low. In contrast, the PRN-ID is not included in an LIC/A
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25 signal causing no harnful interference with those of the renaining
transmtters. The "causing no harnful interference" can be guaranteed
by an output level limted to an extent causing no interference.
Alternatively, it may al so be achi eved by spectral separation

techni ques. The spread spectrumsignal is transmtted by a carrier
wave, for exanpl call.ed "Li band". For exanple, each of the
transmtter§1gg;§?ﬂfﬂ35tlﬁég? 123 may be 30 co?i gured to enit a

posi tioni ng [§d4§ al having the sane frequency according to a

spr ead- spectrum comuni cati on schene. Thus, even if respective

posi tioni ng si qiakhsniteeMsmtéd &OGPS Salcliiie satellites are received by a
same one (e.g., 100-1) of the position information providin
appar at uses, t Heyorfigiraien of aciransaitigr tto batmamiedi erya iGRSesdidlite rie avelli knigwn.

o ovi di g anhy anbie ewlind o R SRR PERe snEnBRTRaR e R e
i nf or mat i 0N ;if Ye Res@Sbed He{%w. t ydlen ofthk %}?%ig{ih@?lfd?qgmz?) ﬂzbth{I&gri es an atomic

t hereof , by sinmultaneously receiving positironi'ng signa romthe

four satell iloek,a gdd8e2]evitd for stopi@atibréin daa posistitlant dguit] gpdtesting tirduitefor
i ndoor transmtter on the ground, each of the signals fromthe
plurality ofcnasdgr nosiiAing sigails an grrogiag caed! s quiipeting dite Banab pengrated by
interferenceg with the remnminin ignals, in.the same manner as that

i n the signiSSPRFEEAERE S PBied EEUFLAAORRg, DA L Uoe The
Configungt i Gk dbviOqbred tHaRaM hé\ﬁ[%ati%ﬁ%e}ga e inclulrgltph&h&lsRBESalhindd data
2, the indoor transmtter 200-1 wTl be de%crlbed bgl ow FIG 2is a
bl ock di agr @i stapastingore df dredBRS extellites aglinadsplaicabrrediion idatd gand a PRN-ID.

transmtter 200-1. [0055] The indoor transmtter 200-1 conprises a
radio (w rel[%gj interface (hereinafter 20 referred to as "radio

1P 210 R BB SO

ck. .
i nput/ out put blGC ina renc g’clﬁbngkd(fc}(élme

bl ock™) 230 jigb@sioh Goltie KOMRAISRIaridihd Bfa SbRH ipthe BloREB SR DI OCk
240 and for supplying a reference clock for an operation of each

circuit 1§ecl[0%ﬁ§) an anal og processing bl ock 250 electrically
connected o the 4 LLAL.R! 8PR100 PLOSK 240 8 A BRTRS R0
spectrum encoding is pre-defined on 2 transmitter-by-transmitter basis. In order words,
the code pattern is different on a transmitter-by-transmitter basis (i.e., on a GPS
satellite-by-GPS satellite basis). The encoding circuit is operable to spectrum-spreading
20  the message using the above pseudo random noise code. Each of the transmitters 120 to
123 is operable o convert the encoded signal into a high-frequency signal and emit the
converted signal to outer space via the transmission antenna.
[0051]
In the above manner, each of the transmitters 120 to 123 emits a spread spectrum
25  signal causing no harmful interference with those of the remaining ransmitters. The
"causing no harmful interference” can be guaranteed by an output level limited to an extent
causing no interference. Alfernatively, it may also be achieved by spectral separation
techniques. The spread spectrum signal is transmitted by a carrier wave, for example,

called "L1 band”". For example, each of the transmitters 120, 121, 122, 123 may be

30 configured to emit a positioning signal having the same frequency according to a
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25 anal og processing bl ock 250 and for sending out a positioning
signal, and a power supply (not shown) for supplying a power supply
potential to each section of the indoor transmtter 200-1. [0056]

The power supply may be incorporated in the indoor transmtter 200-1,
or the indoor 30 transnitter 200-1 may be configured to receive a

supply of electr ower fromthe outsid 005' 7] (Radio
Communi cat i GRS 15 gommuniegen Schems. | ﬁii“% 5en & 5F[SP%8V‘6 PPW‘?’&P%%}‘&‘IS

communi cat i Othn%;Q ?fﬁ"b‘r}? thePREbIHES b NEL A Jigf @é\ﬁ@ ofid! geeét ‘i’did"?j ﬁ&@%@ﬁ'ﬁm

and recei ve an necessary, transmt out ett

par amet er aﬁﬂfoﬁnﬂ[oﬁaqj’raﬁﬂiﬁﬁ apaiises, thdyCoah bt revaived uﬁtheutmmgdmterfbsence with
near-field communi cati on, such as Bluetooth (trademark), or radio
communi cat | cagh otBefeh as PHS (Personal Handy- phone systen) or a mobile
phone netmo&é 0058] Based on the radio I/F 210, the indoor

transmt 1is allowed to change a setting 10 paranmeter, such

as position datg | of, .t

i ndoor transm tter %%)df abat f{ctg}t%%slm W%a#%%ﬁ%n%mpk% 180-10%n' St
transmtter t&@@dﬁnexﬁion@lh;ﬁj@@@nfmﬂomfoﬁ swhag 4 fati@ipe a\/lbﬁgimae dhd Berattittde,
conmuni cation schene, even after it is installed on a ceiling or the
like in an itheeds b)a$1@altax{e@®59r]ecemng\ thetpesitipring sigpabolerpte four satejliges.

pr esupposed g&ﬁ‘ an interface is a wireless type. Alternatively, in
cases mhere[ Fred interface is advantageous even in consideration

of time/jpabor f@rreshd id%dsﬂ%ﬁlﬂé klgh:&l%n{ e Mob itttk b the! HI &Bh of the
etc, the interface nay be a w type. [0060] 20(Digital “Processing

Bl ock) The digpalsalromr deephiratity if omKodt4 Gasatifers Ses : b rateded seihou 4dausing
which Ts Opeurlt%rbﬂlergnce with the remaining signals, in the same manner as that in the signals
transmitted from the satellites.
[0054]
15 [Hardware Configuration of Indoor Transmitter 200-1]
With reference to FIG. 2, the indoor transmitter 200-1 will be described below,- FIG.
2 is a block diagram showing a hardware configuration of the indoor transmitter 200-1.
[0055]
The indoor transmitter 200-1 comprises a radio (wireless) interface (hereinafter
20 referred to as "radio I/FY) 210, a digital processing block 240, a reference clock
input/output block (hereinafter referred to as "reference clock I/O block") 230 electrically
connected to the digital processing block 240 and for supplying a reference clock for an
operation of each circuit section, an analog processing block 250 electrically connected to
the digital processing block 240, an antenna (not shown) electrically connected to the
25  analog processing block 250 and for sending out a positioning signal, and a power supply
(not shown) for supplying a power supply potential to each section of the indoor
transmitter 200-1. |
{0056]

The power supply may be incorporated in the indoor transmitter 200-1, or the indoor

30  transmitter 200-1 may be configured 1o receive a supply of electric power from the outside.
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according to a command fromthe radio I/F 210 or according to a
program to control an operation of the indoor transmtter 200-1; a
RAM ( Random Access Menory) 242 which stores therein a programto be
executed by the processor 241 and is nmounted on the 25 processor 241;
an EEPROM (El ectronically Erasabl e Programrabl e Read-Only Menory) 243
for storing 5@&©§in a setting paraneter and others as a part of data
fromthe radl P 210; a field progranmable gate array (hereinafter

referred to as (RERETmmdtRcBh Glert3e0Per abl e, under control of the
processor 241; to generate a baseband signal to be sent out fromthe

i ndoor transm tTier radOVE ;218rs BHAROMwakies§oconshandatign tiftesfeenaid dexigned to
of the 30 FPGA 245, as a part of the data fromthe radio |/F 210; and
a di gi t al / arf&sedty aonicspal spmmand; and reogive dpdaif pegessart Spnseyt data akout pysglting
converter.) 247 ich,is operable.to convert the baseband.signal
output f ComiHpBeATdS, BEET srarog CEg aPioa it P 0adEn Y amerisipld
signal to t%nﬁﬁﬁic‘&ﬁm{?'sﬁ&#a@ﬁﬂxetc{oﬁpﬁﬂaheéﬁ&f,eorsfﬁﬁﬁ'Johﬁﬂirﬂcﬁﬁoﬂsf‘ﬁ;ch as PHS
digital processing block 240 is configured to generate data which is
a source of (BersvmyhHhndyephoge syseng ot & tretlilaghome petsiotk.oni ng si gnal from

the indoor transmtter 200-1. Further, the digital processing bl ock
240 is confi[@Qﬁséd to send out the generated data to the anal og

processing blo 0 jn the f. g bit st. 2 t ho .
ot part 1 cut ar 155F ot PRAPEVE BT ol sem S RHBNe 8 GhinkeSKhing
appl i catjigon REeduch @s HhStidH Gatn &hds inkRBtiIVel SMANGILQAIRHIOH GRS Of @€ ihddor
the EEPROM 244 is | oaded on the FPGA 245. Information (bit stream
data) of t herahimiitea?(d-Priobe aansnsttédolache theandeor dtrandmigerr28041oor chenger frmware
conposed of an SRAM (Stﬁjati_?f Random Access Menory) 246 w t hi he FPGA
245. | ndi vi d03F [hFape Fathp GCTEREomBaicdtion sehemp. iRy alirdt s pstplied ga ceiling

or the like in an indoor area.
[0059]

15 In the first embodiment, it is presupposed that an interface is a wireless type.
Alternatively, in cases where a wired interface is advantageous even in consideration of
time/labor for wiring/installation to an installation location, etc, the interface may be a
wired type.

[0060]

20 (Digital Processing Block)

The digital processing block 240 comprises: a processor 241 which is operable,
according to a command from the radio I/F 210 or according to a program, to control an
operation of the indoor transmitter 200-1; 2 RAM (Random Access Memory) 242 which
stores therein a program to be executed by the processor 241 and is mounted on the

25 processor 241; an EEPROM (Electronically Erasable Programmable Read-Only Memory)
243 for storing therein a setting parameter and others as a part of data from the radio UF
210; a field programmable gate array (hereinafier referred to as "FPGA") 245 which is
operable, under control of the processor 241, to generate a baseband signal to be sent out
from the indoor transmitter 200-1; an EEPROM 244 for storing thercin firmware of the

30 FPGA 245, as a part of the data from the radio I/F 210; and a digital/analog converter
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15 information source for a circuit to be achieved on the FPGA 245,
to allow a resource provided in the FPGA 245 to be custom zes in such
a manner to achieve a circuit specific to the firmvare program As
above, the FPGA 245 has external configuration data w thout relying
on hardware, so that high versatility and flexibility can be

Fo an oxt ef AP de e Vi FrBrE et ST F PRSls i B Sederind
data stored 0.t P ' '

Srant 246 (r Soe ASRFERR PG 4, BIPELableR S0kl B4 B 4 Al el o
i ndoor trananfilbg Bibck?AY: 1. [ 0064] 251) Pseudo Random Noi se Code (PRN

code) 2) Transmtter 1D 3) Position lIdentification Data 4) Broadcast
Noti ficati of0%al a (Each of the data 3 and 4 is formed in a

ot bt A0, SO BRI HL OB B
"position i dgpty i‘é'acé%st\ﬂc%rbfg.fgiaﬁalﬂ@%lett{cliﬁ?ﬁil?t@@%g%g@%iﬁﬂfﬁh fsipnatl £:60 tﬁélﬁlﬂlno T

will be described |ater. Dgita ter sel I on paraneter [0065
5The FPGA 24dndnsitte@0ab| EFurthasibd diyitak frecdsi: blode 240 Rreemfiguied toaelkERRE
243, to subject a signal having an after-nentioned format to a

spect r um s peesmehdat odkesaialng provessing ogki258 i the flormhed aiNtede may be
stored in aﬁ&iﬁéﬁad out fromthe EEPROM 243, or the PRN code nmay be
generated i | time by a PRN generator conprising a register.

.[o?g 061 104 Pr odiadhiiDher¢aRicARRY HnliRR 10 the! BBoNHACRR Rhmplé Tago BpiRAtion of
: power to the FPGA 245, the firmware program stored in the EEPROM 244 is loaded on
the FPGA 245. Information (bit stream data) of the firmware program js loaded on a
configuration memory composed of an SRAM (Static Random Access Memory) 246
within the FPGA 245. Individual bit data of the loaded bit stream data serves as

15  information source for a circuit to be achieved on the FPGA 245, to allow a resource
provided in the FPGA 245 to be customizes in such a manner to achieve a circuit specific
to the firmware program. As above, the FPGA 245 has external configuration data
without relying on hardware, so that high versatility and flexibility can be achieved.

[0063]

20 - Further, the processor 241 is operable, according to an external command received
from the radio I/F 210 and based on data stored in the EEPROM 243, to store the following
data in the SRAM 246 (register) of the FPGA 245, as a parameter to be set for the indoor
transmitter 200-1. |
[0064]

25 1) Pseudo Random Noise Code (PRN code)

2) Transmitter 1D
3) Position Identification Data
4) Broadcast Notification Data
(Each of the data 3 and 4 is formed in a format compatible with the navigation

30  message from the satellite, in terms of hardware of a receiver, as described later.)
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243. Upon activation of the indoor transmtter 200-1, this programis
read out fromthe EEPROM 243 and transferred to the RAM 242. [0067] A
storage device for storing therein a programor data is not limted
to the EEPROM 15 243 or the EEPROM 244. The storage device may be a
type capable, at |east, of holding data in a nonvol atile manner.
Further, in cases where data _is input fromoutside as described

|l ater, the storldgePatilion sdantificaionadaty’pand: Higabirreadspst snatidicpting dafe’a wibh be
be witten ther.g%ig. A data structure of data to be stored in the

EEPROM 243 $FTP8dakscribed | ater. [0068] 20( Anal og Processi ng

Bl ock) The ana) ogeil ARESSADHIaPRke1250 is configured to nodul ate
a 1.57542 GHz carrier wave using the bit streamdata output fromthe

di gital prof#es] ng bl ock 240, to generate a transmtter signal, and
send out the transmtter_ signal to the antenna. The signal_is emtted

from t hed ant end&e FPSPodEoi operablesprsed pn dlig RN cadesstgred in dst BERRGM A3, to

the D/ A conyglt 4 f. igital i Kk N .

up- conver t o8y &l 18Rk aF el heBiond] BERAS HIp YRSkl Brospssinge A
up- convert edaiad B ofithe BRI9ICYEe bP Gt S0fM 1P ARtPreh® 0@t TR fHe FEPRONBIN R the
band-pass filter (BPF) 253 and an anplifier 254, the anplified signal
i S up- convePRidoby may begenemtedan real 130 bR 3P RAMYgineratof henprignig aregiatepar t

of the up-converted signal in a given frequency band is extracted by
a SAW(SurfB@éG]Acousti c Wave) filter, the extracted signal is

A T e

i s sent out 243, omIgoh@cEien 0 the AV raBAniebi000- 1, Gkis Phogrdnd is & out from the
up-converter 252 and the up-converter 255 is generated by nultiplying

t he cl ock sEBPROMI2453rasdhitahsiemesttorteni®éMc243ck |10 bl ock 230 to the FPGA
245, througtbogﬂrrul tiplier 251. [0071]

A storage device for storing therein a program or data is not limited to the EEPROM
15 243 or the EEPROM 244. The storage device may be a type capable, at least, of holding
data in a nonvolatile manner. Further, in cases where data is input from outside as
described later, the storage device may be a type capabie of allowing data to be written
therein. A data structure of data to be stored in the EEPROM 243 will be described later.
[0068]
20 (Analog Processing Block)

The analog processing block 250 is configured to modulate a 1.57542 GHz carrier
wave using the bit stream data output from the digital processing block 240, to generate a
transmitter signal, and send out the transmitter signal to the antenna. The signal is
emitted from the antenna.

25  [0069]

More specifically, a signal output from the D/A converter 247 of the digital
processing block 240 is up-converted by an up-converter 252. Then, after only a part of
the up-converted signal in a give frequency band is amplified through a band-pass filter
(BPF) 253 and an amplifier 254, the amplified signal is up-converted by an up-converter

30 255 again. Then, after a part of the up-converted signal in a given frequency band is
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Setting of respective levels of the variable attenuator 257 and the
RE switch 258 is 10 controlled by a control signal fromthe processor
241 via the FPGA 245. The RF switch 258 is operable to effectively
change a signal intensity by nmeans of so-called "PM (Pul se

Modul ation)". [0072] In the above manner, a signal having a structure

tibl ith t Lt i 15. sj |, f tellife, int
of 5 post ti SRIHDgh o SR rgiie Rl e sl e 1 e bie
from the indpag Ha@ﬁ?%rﬁéd%éﬁni%g?ﬁﬂmsikﬁba% ma&iapﬁ%aen@t& 98Y & O &k 258,

signal is not” exactly~ rdentic to th included i n the positioning

si gnal em t taedthenbhiiret gigadltiedeht st frofdthe extaimal e of the structure of
the signal to be emtted fromthe indoor transmtter 200-1 will be
descri bed | #&PI(FIG 5). 20[0073] In the above description, the

FPGA 245.i s use S rocessing unit f achieving a digital signal
bt ocess g i n- chaltak dpE e 5 15t B et st 21a ASbE UatPafelt Rrb iy e by
ot her sui ta%lﬁtiﬁlyjﬁgﬂ&fclwk%ﬁﬁféd%ﬂ'EHeHef@éﬁc@Elob‘l@ﬁ@B’ blgsk 3G RSFP&AI SRS,
capabl e of changing a function of a radio (wreless) unit by neans o
sof tware. 2%50@h4 multiplidr25EI G 2, a clock signal (Ak) is supplied to

t he anal og processing bl ock 250 via the digital processing block 240.
Al ternati vel[(}p,ﬂl he clock signal may be directly supplied fromthe

reference cloc 10 bl ock 230 to t anal r 0Cessdn 0 250 .
0075 301 ¢ he<limBat BReuE deif o MR R R A JhORE B st i
and t he jgnalegrdMed 668 Tbmeo]l sighS from BeQikcede? 281 9iaThOMPGESRST atiRl IF shfdth
the sake of clarifying the illustration. However, in a physical

aspect, thegS8syopsmblei redegtivelywbnegt osigral sitergite by mepns §007AB]led "PM (Pulse
(Reference S%gc /O Block) 5The reference clock 110 block 230 is
configured d&Eﬁ@Wy a clock signal for governing the operation of
the digital @ﬁ?gessi ng bl ock 240 or a clock signal for generating a
carrier mavé, the digital processing block 240.

In the above manner, a signal having a structure compatible with the positioning
15  signal from a satellite, in terms of a positioning signal-receiving front-end of a receiver, is
emitted from the indoor transmitter 200-1. In this case, a content of the signal is not
exactly identical to that included in the positioning signal emitted from the satellite. One
example of the structure of the Signal to be emitted from the indoor transmitter 200-1 will
be described later (FIG. 5).
20 [0073]

In the above description, the FPGA 245 is used as a processing unit for achieving é
digital signal processing in the digital processing block 240. Alternatively, any other
suitable type of processing unit may be used, as long as it is capable of changing a function
of a radio (wireless) unit by means of software.

25  [0074] _

In FIG. 2, a clock signal (CIk) is supplied to the analog processing block 250 via the
digital processing block 240. Alternatively, the clock signal may be directly supplied
from the reference clock I/O block 230 to the analog processing block 250.

[0075]
30 In the first embodiment, the digital processing block 240 and the analog processing
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[0077] In an "external synchronization node", a driver 234 of the
reference clock I/0O block 10 230 is operable to supply a clock signal .
to the digital processing block 240 and ot hers, based on a

synchroni zing signal given froman external clock generator to an
external synchronous link port 220. [0078] Further, in an "external

cl ock node", . a tiplexer 232.0of the referenge clock 1/0 15 bl ock,
230 is oper QBF%%M&E o separately, i sake ?peﬁgfy@%ihe sien,  Bigwever in a

external cl ggkinprde42hed A M'x@dl@%ﬁ dbhat; -k signal is
out put fron?é%%LLs%%Hhsg’LgikedlLo p) c?%gﬂitngggkgﬁd supplied to the
digital pro¢®gs}ng bl ock 240 and others, in synchronization with the

external clock. [0079] 20Iln an "internal clock node", the nultiplexer
232 of the ref dRefhrencecFlodi/Q Blodk) ock 230 is operable to select an

i nternal .cl ock.si gnal gener at an,Lnternal clock nerator 231, i.n
Coen A mamner < i R Brepe MR B Moo Bab s Honfifd 3 Subiiy 7 Shbk oo '
Locked Loop e IF : i : o] . I

590 and ot nEvrifikite ofeldidH{\t BRI Stk Qe Wiodk Ho 0P s RECEST ARl
An i nt er nal asimieewfwe, ©.the digitPlptocessirigrhddck 240gnal ) of the indoor

transmtter may be nonitored fromthe radio PF 210, based on a signal
out put f r omQUé} processor 241. A digital input/output interface 260

o e cont | guel L e, LR S N PR B e
p Sp -
transm gyer 239 i?Qrable B'subf§ o ﬁgél@si%ﬂgall_' tt)%ll@ dBiYal RRoC O GHEESUT fhd others,

accept an input of additional data emtted fromthe indoor
transmitter b@80-ob.a Bowxhexiaigl sgnat lgiveadlim o ratermbtckrayndratal todan Exxinal
data (position data), indicative of an installation |ocation of the

i ndoor t r an&chEoBeUSIE POTE 220 cases where the indoor transmitter 200-1
is install ﬁgOd a commercial area, such as a departnent store,
"adverti senent 1 nformation", "traffic information", "weather
Sinformation" anAhal in'di S’&HRN clodk MidmRY, DmuitipkxedE3) HPGE réfetedcd E6ck /O

i ndoor transmtter 200-1, .
15 block 230 is operable to select an external clock signal given to an external clock port 221

—

in such a manner that a clock signal is output from a PLL (Phase Locked Loop) circuit 233
and supplied 1o the digital processing block 240 and others, in synchronization with the
external clock.
[0079]

20 In an "internal elock mode", the multiplexer 232 of the reference clock I/O block 230
is operable to select an internal clock signal generated by an internal clock generator 231 in
such a manner that a clock signal is output from the PLL (Phase Locked Loop) circuit 233
and supplied to the digital processing block 240 and others, in synchronization with the
internal clock.

25 [0080] _

An internal state (e.g., a "PLL control" signal) of the indoor transmitter may be

monitored from the radio I/F 210, based on a signal output from the processor 241. A
digital input/output interface 260 may be configured to accept an input of a pseudo random
noise code pattern for sprcad—modulaﬁng a signal to be emitted from the indoor transmitter

30 200-1, or the radio UF 210 maj be configured to accept an input of additional data to be
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as the additional data. [0081] When a pseudo random noi se code
(PRN code) pattern is input into the indoor transmtter 200-1, it is
witten in a predefined area in the EEPROM 243. According to 10 need,
a PRN-ID and a transmitter nane may further be witten in the EEPROM
243, and then the witten-in PRN-ID and transm tter nanme may be

included in a_posjtioning signal, The additional data.is also witten
in an area r°8% Qin;ﬁ??‘f‘ r gﬁﬂﬁtﬁ’wriﬁgg"‘de ghﬁ’iaﬁ'@’&% epddijigaal gatagagy,include
[0082] 15] r : . i Rl '
et or ence. ¢ oy 2 YRHHGE dpky @} o Shefifilod ekl 1 bigidhoor, oty
EEPROM 243 \00d1. bén eiessontideetie RloovransB88200-1 is instéllddin 8 chimarctll aghakth
conceptual Iy showi ng one node of data storage in the EEPROM 20 243
provi ded i nahe depaignent t sterns midvediseRey - nformatiorE CPRaiIc2 agoimidoyd esvegther
plurality of, areas 300,,tQq,.350 for storjing data therein., [0084] .
Phe ar eaS300u O atiunany e et Homat Geendt b b erioor Hanpits Al
a transmtteg he%ﬁ&iﬁ%ﬁ‘zfmﬁﬂae’ the transmtter 1D may be a nunerical

pha

character and}or an a betical 25 character, or a conbination

t her eof , whi[¢08l]s witten in a nmenory in a nonvol atile manner during
production of the transmtter. [0085] A PRN-1D of a pseudo random
noi se code assiWhedatpseudeerandom eisetcode (BRYt endel phitere He inpueantg e inoor

transmtter nane.is.,stored in the area_. 320 in.the f. text dat.a.
Sor00a6] - 3Rk 20LER el s GRED D b U A OM 248 e Tes o
the trangm gl 2 FRNIDLEHa tOndilBerdahR L | 5% R tﬁ@@?ﬂ@) h43€ and
code pattern1 I s’aone selaec'?ec rom a pl uraﬁungléynll?%te nunper o colglg‘E > 2
patt erns whitiedn the eripeeinBRNdDedd transmiirerasietrhonbed intladedsiniagosiivnivg digha).
system according to the first enbodinent, froma Iarge nunber of_ code
patterns bell#a @gﬁgoqahdqtﬁg also written in an area reserved in the EEFROM 243 depending on a

type of data.

[0082]

15 [Data Structure of Data to be Stored in EEPROM 243]

With reference to FIG. 3, a data structure of data to be stored in the EEPROM 243

will be described below.
[0083]
FIG. 3 1s a diagram conceptually showing one mode of data storage in the EEPROM
20 243 provided in the indoor transmitter 200-1. The EEPROM 243 includes a plurality of
areas 300 to 350 for storing data therein,
[0084]
In the area 300, a transmitter ID is stored as a number for identifying a transmitter.
For example, the transmitter ID may be a numerical character and/or an alphabetical
25  character, or a combination thereof, which is written in a memory n a nonvolatile manner
during production of the transmitter.
[0085]
A PRN-ID of a pseudo random noise code assigned to the transmitter is stored in the
area 310, A transmitter name is stored in the area 320 in the form of text data.

30 [0086]
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5 sanme category as that of the pseudo random noi se code patterns for
the satellites. Thus, the pseudo random noi se code pattern assigned
to the transmtter is different fromthat assigned to each of the
satellites. [0087] The nunber of pseudo random noi se code patterns to
be assigned to the position 10 information providing systemis

finite, whereas the nunmber of indoor transmtters varies dependi ng on
a size of an |n%I@§ﬁ“-t’F%ﬂﬁ1§W1ft0E~°ér°°ﬂ%E%W atsieaed foolha frpBimittenis glozadyip dhe frea

of e T st At 140k AREL A (NS HTBSEROL o) 00136 Pho (IR e

etc.), so tha er o oor ansn trers J econe
greater thanftddad paterh vhicA0fe RA-hRIgNEd tof S posithar i%fdrﬁtaﬁomﬁﬁﬁldﬂié bfs¥em
that a plurality of indoor transmtters have the sane pseudo random
noi se code Bbcopding &r the first enibodinmeat dionam largesmabenbf omlelpaterns belongingmahe
of the indoor transm’ttﬁlfj %llhtgw n the samne codg patter y b?, set

whi | e t aRi ng*PhEFCEEE BT et sdprnoiseiroce paileas fpx thg seteilifpse  Thys,

prevent o Pl By riliRIRL! AL Do ah 9RAL R4 45 105158 E ARREUI Bom e

random noi sé cbade pattern rom |ng recel ved a sane ‘one 0
position i nfaggigﬁatmcpbpmbdmagm@ppar atuses, at the sane timng.
20[ 0088] Position data for identifying an installation |ocation
of the |ndoc£90&?'ﬂansmtter 200 1 is stored in the area 340. For

exanpl e, the essed as. a conbi ngtion of, a .

| onSF t ude, " ot eaﬁﬁ oy Boisq ﬁo"tfdmﬂf*‘i“ért“%@ 5piened 19| the pogtion
t he posijhio .t
area 34 b I n%f? eﬁgpgjgééﬁélh$ Q%Q{“ ?%ﬁmwdg?l g&g% capa @d&ggfna'?l f)#rr?g"t}gﬁs

instal | at i Ofdependiigi odNa @fze tdfiQmi mﬁt&@rtrahm&smntstaﬂauoaqecalxoﬁ,nbxya lBtrudtdrs &Jffthe
such as a "conbination of a |latitude, a Ionglitude and an altitude", a

"conbi nat i oritnséa“llaﬁon lasattoud@e ngnberrgfiftogtierf arhinlding ) e, s th%@fe numb%t of indoor

bui I di ng", a latitud

of bl di AEPENES HT o5 restmecreqi fon, gt BEBeisHRS prehopsn i, Hhepe s o

conbi nat i on Qisﬂﬁhtgaﬁdtta%ﬁah@ of RAGh! tHABmARE BRe ﬂéﬁ&@%%ud@?ﬁdbﬂ%o’i@cbde

addr ess/ bui I'ding 30nane”, will be referred to collectively as
"positida i gettarnf i lnahis oasedat métalld%imntldjmnon afxtaeh of (8 indool mabismittersvievidy the

i nformati on ot her_ than the EOSI tion identification data such_as the
af or enent i of&Be %W&rtﬁns%% £ STyl ARG mato acqomp 3 signal piutp ¢ figymakes it

=2 LS P i T 1 s B o

"broadcast redd pitent Er@fih b receivbd 08 A same onEhef tﬂ@g:bhh@rﬂ information providing
identification data is stored in the area 340, and the broadcast

notifi cati oﬁpmit@%,sﬂﬂtew@@lﬁmﬁﬂ&a he area 350. Each of the PRN-ID,
t he co i&#é n transmtter nanme, the pseudo noi se code pattern,
t he po (§ ntification data and the broadcast notification data

can be changed Phitib ah @&ﬁdfl@?ﬁ %ﬂxpﬁﬁtahétt AUEL bR EE ff'h@%cfaot {rfn mitfer 200-1 is

menti oned above. In particu roa ast notification at_a S
changed or ufekalt i@ dhedenBE e For Examples dgiosition data dsegraskedras atddmbinatewof a
transmitter 200-1 is installed in a departnent store, advertisement

data may be @tlgvéfiﬁ ¢ datitudls and @b altitydeq nBraddition to goinplase of e oeition fane mail
[Data. St r uceop e i nPE TR RE ke FuRL i HRCHE PG 8 PRl Al de
200-11 25 capable of identifying an installation location of the indoor transmitter 200-1 only by itself,
such as a "combination of a latitude, a longitude and an altitude", a "combination of a
latitude, a longitude and a floor number of a building", a "combination of a latitude, a
longitude, a floor number of a building and an altitude", a "mail address/building name",
"the combination of a latitude, a longitude and an altitude, and the mail address/building

30  name", will be referred to collectively as "position identification data". Further, data
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Firstly, a structure of a signal conpatible with a positioning signal
emtted fromthe satellite together with a navigation nessage

superi nposed t hereon, for exanple, an LI-band C/ A code, will be
described. 20[0091] ( L1C/ A-Conpatible Signal) Wth reference to
FIG 4, a positioning signal to be transmtted fromthe transmtter

of the satellite || .be descr 0092 25FI 4 is ag
showi ng a sth{]J‘E‘Et’tY\f;me %F"ﬁ“ﬁ“%aé g?f ]PQ?IQ‘H’aI %’é‘@l"‘l‘t@nb ‘!*tévm‘-“ﬂ@eas the
from the tragsm Lieh Jmalﬂ%r‘agen%t F{H Sinhon'S gkl & rPf%rbaEE{? Sbvgélfi‘ér i8ndin"

conprised of five SUB- franes Eac conS|sf|ng

sub-franmes Shd/ot Odisdefer infhimation; fo BRBadedded &y ﬁEQacﬁbﬁtréx&ﬂ@t@dr,&dﬂNve referred
transmtted by the transmtter. In this exanple, each of the
sub-frames 52@s thyomls®t pedifsridesdags”. 300 bits, and is transnitted at a
bit rate _of @gggjo bps (bit per second). Thus, each of the sub-franes
is transmitt n 6 seconds A - 24 - content of each of the 4th and

5th sub-franmes 0 t l: i o] r
content.  and rerinByTRe: (RoAE adt i SR 56 oflp MibL 00 BAF the progdeas
of the cont emtlﬁcgtt@nbgaﬁsamra@mctmae@md ed "page", and each of the 4th

and 5th sub-franmes consists of 25 pages. 5[0093] The 1st .
sub-frame 510 cEﬂ‘?brqfstb% PRN3®), ihe commpsipsion fapemtiendamg.1the ps@@obioise code

clock tine in on.51 240-bi t sage da 513.

Speci 11 cal | PG PORIOR AN i PG B etk UGG e s s changed
i nf or matjigon g

sub-f rarrlg I [%él Mﬁg]bwﬁgrﬁggfgéﬁidﬁagpl J ent| l?é(?gatbF?)en gg fmﬁ% 61}1%'?38oaﬁcast
di sti ngui shinogfitdtien ldata Budhahgedngr fisdaradt Aendededi Fongxaifle,§ magmwss wiidie the
message data 513 includes a UPS week number, clock information,

heal t h i nf oripdgor dianspen 2qhk Ifcpstaﬁgd &l a.deeammnbustor%\c%lmla@a;nent data may be
i nfornation aboq t he, UPS sat. j bel JOOQ
o tl er 00-T'b

ven to the 1ndoor frarsmi an gperations manager, as one business operation
of the department store. '
15 {0090]

[Data Structure of Signal to be Transmitted from Indoor transmitter 200-1]

Firstly, a structure of a signal compatible with a positioning signal emitted from the
satellite together with a navigation message superimposed thereon, for example, an
1.1-band C/A code, will be described.

20 [0091]

{ L1C/A-Compatible Signal)

With reference to FIG. 4, a positioning signal to be transmitied from the transmitter of
the satellite will be described.

[0092]

25 FIG. 4 is a diagram showing a structure of a L1-band C/A code signal 500 to be
emitted from the transmitter mounted on the GPS satellite. The signal 500 is comprised
of five sub-frames each consisting of 300 bits, i.e., sub-frames 510 to 550. The
sub-frames 510 to 550 are repeatedly transmitted by the transmitter. In this example,
each of the sub-frames 510 to 550 consists of 300 bits, and is transmitted at a bit rate of 50

30  bps (bit per second). Thus, each of the sub-frames is transmitted in 6 seconds. A
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The 2nd sub-franme 520 conprises a 30-bit transport overhead 521, a
30-bit clock tinme 15 information 522, and 240-bit nessage data 523.
The clock time informati on 522 has the sane structure as that of the
clock information 512 in the 1st sub-frame 510. The nessage data 523
i ncl udes an epheneris. The epheneris (broadcast epheneris) means
orbit informati on about a satellite emtting a positioning signal.
The epheneris is highly-accyrate_ informatio ich is sucgcessively .
updat ed by SMe of 486 4 ﬁl@ré@uﬁ“%tﬁ%ﬁa%pxgg%&v?eﬁaﬁ% &iplacR with

satellite. T =L S a t

satel e, e, oG RS RE TR U
conpri ses g B01&ldced iADERAM baRV ehrfiiearth 23 the h3IRdHth s6H-B8ked tdiRists of 25
i nformation 532, and 240-bit nessage data 533. The clock tine

i nformati opa@8. 532 has the sanme structure as that of the clock

information 512 in the 1st sub-frame 510. The message data 533
i ncl ude tlﬂ@%bherreri s. [0096] The 4th sub-frame 540 conpri ses

a 30-bit tran I 41 . el i Enf QB

and 240 bi t mangag R WA e danid it i SN, TR Bt
30513, 523 infbdshtioh N 3TRES 296-bitakRssade dataCh de Ve NepBatcalR| HeoTaloLO Rime
summary of satellite - 25 - health information, ionospheric delay

i nf or mat i omformrdonn ] Liiclydeododi time esfotndticarasafirediwheh tpatstmet-Game 510 is
[ 0097] The 5th sub-frane 550 conprises a_ 30-hjt, transpqrt overhead
551, a 30- BFReraifhcpdt fabams 1 theopubsEame iﬁdwzwfiﬁnpﬁ%%a@@ hifer
553. T t 3.1 Nae.: i ’ .0

of sat aF1 { RBuRAT R e 18- tab AR R B0 BB e WL T SRR Y

conposed OfncRRlePAIEPS WAL Rirfber,N Slodib GvRrmkitiohe heith nfR@atied about the GPS
information are defined in each page. The al manac information is

i ndi cat i ve saéllitepsibis ecdwasy defarmsatioo rbout shedfPS saell@PS satellite and al |
t he renai ni@% GPS satellites. After the transm ssion of the 10
sub-franes (88 t o 550 is repeated 25 tines, the nessage data is

returned to t : j i api :
[ 0098] Thlg%gég- b ?Poko%’g’%ﬁ 0 ar%%@%@n‘?%ﬁﬂ F %16%%3?31&%@{ e
t ransmiitt etifortd@on 322, and 220-bidhessdgh data 503 f r Bisesockltbnd fdvm@tic $22 has the
received by the position information fpr ovi di ng 15 apparatus 100, a

posi ti on ofamhetrggetasohia pf Gienelecko infpresiivelixg iapparlat gd-frope i540.  The
cach of t NN PENJRRES JURTHBAGPATIAR 3hs cPErBk (EPHR-IPBFIE) GiFns
512 to 552 oafpdidibiaaEs S86e HahRlad 3nlifin o3 potifG IR signal. The ephemeris is

highly-accurate information which is successively updated by an administrative bureau

%

20  managing navigation of the satellite.
[0095]

The 3rd sub-frame 530 has the same structure as that of the 2nd sub-frame 520.
Specifically, the 3rd sub-frame 530 comprises a 30-bit transport overhead 531, a 30-bit
clock time information 532, and 240-bit message data 533. The clock time information

25 532 has the same structure as that of the clock information 512 in the 1st sub-frame 510.
The message data 533 includes the ephemeris.
(0096}

The 4th sub-frame 540 comprises a 30-bit transport overhead 541, a 30-bit clock time

information 542, and 240-bit message data 543. Differently from the above message data
30 513, 523, 533, the message data 543 includes almanac imformation, summary of satellite

- 25 .



In the above exanple, each of the sub-frames 510 to 550 consists of
10 words. Each 20 of the words consists of 30 bits. Each of the words
conprises required data, and an error-detecting parity bit, wherein a
| eadi ng one of the words in each of the sub-frames includes a

preanbl e. Synchroni zation information and teleneter information are
included in two of the words at the begi nning of the sub-frane. A HOW
(Hand Over hlthlinformuhtian,zionepidricadedayi infampteratasd anrlUTE dSeordinhied dhtiveasal
The z-count_js data equivalent to a clock 25 tinme code (o'clock,
mnute, secHft) PAARCh he HOWis data for shifting to a P code. [0100]
(Structure @hohVES Si gnal) A signal to be transmtted fromthe

i ndoor transmtter 200-1 (I MES (I ndoor MEssagi ng System signal) wll

be described bEheosth s@dfrdD3I0 condRises a 30-bit Thph@ SVdrhad 550 O30 £166k time
provi di ng system according to the present invention is desi ghed to

install 3an ihfmtmt_bm%&mﬁi%ﬂéﬁ mt_rssageld_ataaiﬁﬁpnThfsmcﬂsa@sdawﬁﬂriddudesahw,ac
A1 e b By BB e S e PR 5,
coe 1 ocor VRS oL 0% oo, PriBRE AR PRI AP e AR dgtfed

system can jaGateYarePOFhd AlAnsleigdrfationd isomdichtilensiOREpeain Qdtsd QPbitsasrans
by nodi fying only software, while diverting a UPS receiver chip

(posi ti oni NgPSisgabite mad ellv thegrefmaomitg 6P suthllicls. hadtealtheddysthisson of the
nount ed _on ap _exi st| hile ph .. W thout 10mdificatiaon. [0103]
A navi gt i a&g-#@%aéﬁg’@rlﬁ ﬁ@&%@@agﬁm&sg&mﬁaﬁsﬁﬁﬁPWW ﬁalﬂgq t page,

repeat edl y %amg%]ﬁmgio?%f?ﬁ%@ﬁﬁ%{ | ow transm ssion rate of 50

bps, and in the ow ng fiIxe 300 bits/sub-frane, and 5
sub-frames RO®W) pages, as nmentioned above. 15[ 0104] Al t hough
standardi zation in hardware of a receiver to facilitate

st andar di zat i ohhebsbvieames 240 [to/PS0 Sregtarismitted fronupShseigthaltrapgeitiesd 26bBRle
advant age, erg,i s,a prable at...t takes to0q, nuch. ti. until a.,.,
e 227 R 15 B Rt B shirer e R S B s tition e fhiding
fixed for RS.:8i L. S i1k L j :

vbr cover? Mippdthint 60, L3g R0 ERAhe bog ARt o WL ShERIMOIDO is caloulated

the fixed flasadaionf meimtehlvecsminagdndne infrmsien, isclidednBimichdha lolf ethe otransport
of a nmessage wil|l be restricted. Thus, in cases where this systemis

used as an YENE3dsi5] g tedpekiime wEgrmation HlidoRp? andibe mepragedntahil 34n 553.
anount of i[%@j mation. [0105]

In the above example, each of the sub-frames 510 to 550 consists of 10 words. Each
20 of the words consists of 30 bits. Each of the words comprises required data, and an
error-detecting parity bit, wherein a leading one of the words in each of the sub-frames
includes a preamble. Synchronization information and telemeter information are included
in two of the words at the beginning of the sub-frame. A HOW (Hand Over Word) and a
z-count are incorporated in these information. The z-count is data equivalent to a clock
25  time code (o'clock, minute, second), and the HOW is data for shifting to a P code.
[0100]
(Structure of IMES Signal)
A signal to be transmitted from the indoor transmitter 200-1 (IMES (Indoor
MEssaging System) signal) will be described below.
30 [0101]
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Further, differently fromthe UPS satellite, the indoor transmtter
200-1 in the present 25 invention is designed to transmt position
information of the indoor transmtter itself to a user, so that it
will just repeatedly broadcast the sane bit sequence, as described
later. In this case, if a frame synchroni zation techni que using a
preanbl e and ﬁéparity_bLt is sinmply enployed, and a bit sequence .
havi ng t he sandhgaasttiopHaforpaiost Preﬂ@mgpsyﬁéwrth% it theapspeat ApNeDtion: is

parity bit as.that contingently appears at a won osktion in .\
Prame. it i Sigpdfin SROM IR0 CaPRRE R hefiot SR P Bhiatt b ot s
and correct jFagil foph Bbsﬂtﬁ&ﬁﬂ?sli’\%ﬁ[‘frb& altRiS ordJZSS a1 peak@ale, sB tltat a user is
user's termnal. [0106] tification of position information

duri ng ener ghowead wessalgsshgadgsire papitionad{cdimativenie iaddoi ginl cledpoe @rees, using the
accuracy. In a CDVA (Code Division Miltiple Access) system under a

5 condi t P on SERBICCHVISE fermptabasthaifoy the GCPOORBESE ratio i s not obtai ned
for a desi rﬁ(ﬁ ?ignal , 1.e., due to a so-called "near-far problent,

si gnal capt g racking is likely to performusing an erroneous PRN
code. Speci ficahbYsystdhhl b Schidvd sitioh MeRrmirdfan in ihQS (A§ dulslRPrareas by
transmtter and a positioning signal froma satellite are

di sti ngui shemdffyingoslgchitetrberhikakiedtinna GRE receRBINhipbesitioilie signal sec@iving
possibility that the satellite positioning signal is erroneously 10
capt ured bafest-ed) tWEclPERs @beadys beeny n@un%%@siagr@qlﬁfmérmbﬁe BhRa without
fron1thﬁ0ind% fe LE nsmtter is erroneously captured based on the PRN
code for thé& g-{%?? 'te signal. In this case, it is necessary to

qui ckly det ggm} he erroneous capture and performre-capture based on
a correct PRN code. Due to this processing, a tinme required for

acqui ri ng posi tA emavigztionr messhgn susriipesidyon @ GP§npdsitoamgl sigiahds gesatedly
15[ 0107] In.the present jnvention, with a viewto achjeving.a
reduct i on i HapEddedyd aé?c"c‘i‘iﬁ‘ie%‘FitYﬁBW FnRIssIOR JofF |9 g OPs e \fqlf}mng fixed
dependi ng OfHSE50F b BINGH, M3 < BRI AesOks MEMRLAILAD! 1Y
required for notitication o pos&l on infor 1'on during energency
messagi ng, pohe mai ntai ni ng standardi zati on between an | MES si gnal

and a (LIPS signal to a 20 maxi numextent, the followi ng signal
structure i s usddorgr sepdardirgtign singhafiwark 0af08] receiverjtp B stindardizatipn

ith Positioni Si f Lt oni tellit . 0,, GPS Cl
S gnal) In ot SIS SebdmdR RN e e oA St e tbiar » ggiom et
sof tware f O 1ae$ k¥ thch tafke @ft@ﬁ%%lag%lirek oéi&ﬂmagﬁnﬁ%ﬂgﬁ@& P8 Rledh s if

signal specifications and nessage ecifications. requency
char act er i sthedixeBRFomi o dieeGPS tigajl iofsddneitidu/ifsdiicgtial. , Morebvar, RRR signal
code sequence for the I MES signal, are standardi zed with those of a

posi t i oRP ngcampptikle Vilpthepopidiening signplgvishthe| fised doymat giom bpsateliife is used. a

' ). As.for. truct i.sts of .30 pit i
onana ) o of el ARG of! e G SOSRGE, SRR el Wittt e s
are 30 provigdadsat adveRRAE nddidn, HEBioRNHiIPle itpb&idlon®A AmBhint @R Glfor¥Rkidn.
respectively. As for a - 28 -

[0105]
Further, differently from the GPS satellite, the indoor transmitter 200-1 in the present

25  invention is designed to transmit position information of the indoor transmitter itself to a
user, so that it will just repeatedly broadcast the same bit sequence, as described later. In
this case, if a frame synchronization technique using a preamble and a parity bit is simply
employed, and a bit sequence having the same positional relationship between the
preamble and the parity bit as that contingently appears at a wrong position in a frame, it is

30  likely that an error in frame synchronization occurs, and correct position information is not
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parity-code cal culation algorithm the sanme algorithmas that of the
UPS C/ A signal is used. [0109] Thus, nore generally, the term "word"
nmeans a transm ssion unit of data to be 5 subjected to error
detection. The term"frame" means a transm ssion unit of data which

i ncl udes a preanble signal for synchronization, at the beginning
thereof. The frame is conposed of a plurality of words, e.g., 10

wor ds. The ‘depedyfategan apgrghermingl.pe performed on a word-by-word basis
may be "err%ﬁo tection and correction"” or may be "error correction".
10[ 0110] ') Shortening of TTRM (Tinme To Read Message) A

fixed format omoaﬁgamhg@bbﬁﬁbmgmpdurﬁgreﬁﬁ}geh%_eﬂagﬁh'd@ﬁ%qﬁifea 7 Bave
positioning satellite (e.g., GPS CA signal) is nodified to obtain a

vari abl e fr adighldeggt bf andrashorlh elCDMAg&gde Povisiat MintiipleeAewss) eysth, under a
15[0111] iii) Versatility/Flexibility dependi ngtﬁ_on | nt ended Use

.

The fixed f&pniiondhatasutlivient yenmal-srneitssiate s not obtawed Bx adesred signal hpadue

such that "ot BaSHERaR e, BihS Benal et R et i Jing an
gi ven bit | gigicbus PR codt. 3-HekifbAglAilel @ P WIMIES AR b 1=0indoor

installation personnel to set a content and a transm sSi on

or der/ f r equeamsyittdr and arpsstiging sierlhbfrom arsswellitd arel distiegpashed fgmaenacht diker based
i nt ended use/ ﬁgr pose. In the follaow.n nessaagﬁ? speci fications to be

descri bed byn sy PEAN sqdes, dhergisiagipssibil %batéhw life ipp§tiopingignad eriopenaisly
| Ds settabl ' | fii . and . emaiNi ng |
are 'fgsggvegap?%ecgggﬁﬁisqni éjgg; lW)rc %grﬁcgrwt%gslw sl u UP%&%Zé‘?%Tﬁnn%e Blﬁ%r

Ensuring of ylslsikidr® drikdustyycaBlurd dOQT or@s PRNOIbAE RdraR@EdIIRB signal. In this

(Prevention of Erroneous Synchronization) A counter bit having a
gi ven bit | easgtihis receysary o Guibkly detectghd errorzopy caphulednd perfoanre-aaptare based
a count value is incr nted every tinme each word is transmtted. _.
Wen the ol SSBes AIRIG cpds: ¢ BYR i@ dhia Fracessngs » oreg Bt o0 Acbpytenpesiion
wi Il be resiarh o irsq’iﬂélgqgsigrﬁﬁganﬂy increase. -

15 [0107]

In the present invention, with a view to achieving a reduction in message acquisition
time, ensuring of flexibility depending on user's intended use, and ensuring of high
reliability required for notification of position information during emergency messaging,
while mainfaining standardization between an IMES signal and a GPS signal to a

20 maximum extent, the following signal structure is used for the IMES signal.
[0108]

1) Standardization with Positioning Signal from Positioning Satellite (e.g., GPS C/A
Signal)

" In view .of standardization in hardware of a receiver and software for a signal

25  processing, it is desirable to standardize signal specifications and message specifications.
A high-frequency characteristic (RF characteristic) of the IMES signal, and a PRN code
sequence for the IMES signal, are standardized with those of a positioning signal from a
positioning satellite (e.g., GPS C/A signal). As for a message structure, one word

consists of 30 bits, and an 8-bit preamble and a 6-bit parity bit for code-error detection are

30 provided at a head of a frame and at a tail end of each word, respectively. As for a
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count-up operation nakes it possible to elimnate a situation where a
given rel ationship between a preanble and a parity at a rail end of a
word becones contingently satisfied at a position other than a proper
position and will repeatedly appear, and reliably detect a head of a
frame to establish frame synchronization so as to prevent erroneous
position 5 information from being output. [0113] v) Ensuring of

Hi gh Rel i abparity-godsf calquibtion alwsittin,othe sarfio plgatithonag Pk ob e GPS €¥A signal is
Erroneous Capture) In a nodernized G'S signal (L2C signal and
subsequent %¥gnals), a nessage i's 10 transnitted together with a
PRN-1D i ncl Eﬂg therein, so that a receiver can imredi ately recogni ze
erroneous capture, based on a fact that a captured PRN code is not

identical to timaudRhbrk [Behdtall) eh&REHAGordHONRME i, trdriRisFiohHdn 65 dRBtto be
i ncluded in the C/A si gnal . Therefore, in the present invention, in

order t o5 quiubidctedrte eogndetetienr ohtedesn %majrmana apraaanismal ofit af das sdgph
for the indpo tranfeg;lé%%er, i se o a val uefl ht patt n) détfe ent .
15 from t hat“df*%2 g izagiprgit gy %Hmm% hg €15
Speci ficati t urg,.o

transm tted9 09&%‘#@"%‘ @flt‘%%trﬁ%r%%A t%&(gg% ﬁlﬁ I J[‘E%{r%‘gfp')a&)vslFB %I Rgmlerl
nore speci fbﬁ:@d WprddgswbldbBdisbRiap e Z0hP lidkttion andlBerrdNES 8t G bdasmor
an RF characteristic corresponding to that of a positioning signal
froma sat etdrret:‘aolfe g., an Li-band C/ A code of the UPS or QZSS).

VWile t MES signal is the sane as the satellite positioning signal
in that % kure of a navi gati on nessage has a 30-bit word as a

Dot o UL gy PrRAEIET g et e Lo Prov e o
message char acpefitedt fofmattdie Sdvifatibn SiReakE bf atposifisning |sign£19ﬁ(§iﬂ&015dshﬁﬂmg
bel ow. (1) RF Characteristic 30(1-1) Signal Structure -
satellite (e.g., GPS C/A signal) is modified to obtain a variable frame-length and shorter
message format to be employed.
15 [0111]
iit) Versatility/Flexibility depending on Intended Use
The fixed format of the navigation message of the positioning signal from the
positioning satellite (e.g., GPS C/A signal) is modified such that a leading word in a frame
has a message-type ID with a given bit length, e.g., a 3-bit length, to allow a transmitter
20  installation personnel to set a content and a transmission order/frequency of a message to
be transmitted, depending on the intended use/purpose. In the following message
specifications to be described by way of illustration, among a plurality of message-type
IDs settable by 3 bits, four 1Ds are defined, and the remaining IDs are reserved to be
utilized for a new use in future.
25  [0112]
iv) Ensuring of High Reliability of Indoor Position Information (Prevention of
Erroneous Synchronization)
A counter bit having a given bit length, e.g., a 3-bit length, is provided in each word,

and a count value is incremented every time each word is transmitted. When the count

30  value is counted up to 111, the count-up operation will be restarted from 000. The
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For exanple, a nominal center frequency is 1575.42 MHz, and a

PRN- spreadi ng frequency is 1.023 MHz. For exanple, a PRN spreading
nodul ation schene is a BPSK (Bi nary Phase Shift Keying) nodul ation.
[0117] 5(1-2) Nunber of Channels and PRN Code The | MES signal has
a single carrier wave, and is the sane code sequence as that of a PRN

e 15 A T bl i S AT e
has th | l1at. i : -
of 2 navi gart R e all ey pld of f, RO TR B SRBRER PR AR

C A si gnal ) positfoh b¥er €dh alesa pesifdipandctill rkshiedly hppedr, Bhd YWHablyefedC4 head

One word consists of the sanme word length as that of the satellite
posi ti oni ngokigivahs te. gyiablido faines synFlmonigxtzompbe asitn pEvEY axoeew:s oprsition
wor d conssi st? of .30 bi gs_, one word includes 2l-bit data, a 3-bit word
count er ,> anthoImgtion Fom 4pipg Quippln120] 20(2-2) Word Count er Each
word has a mﬁ% counter. The FPGA 245 of the indoor transmtter 200-1
i s operabl e, évery time each word is transmtted, to increnment a

val ue of the wWoy EnG@inat 6f Hiyh ReUbMBR ¥allbdor Pofition Dnf@metior] @hréddntion of
25The word counter assists an identification of word and frane
del i mi t er s. Efreneonsi@apture)
In a modernized GPS signal (L2C signal and subsequent signals), a message is
10 transmitted together with a PRN-ID included therein, so thai a receiver can immediately
recognize erroneous capture, based on a fact that a captured PRN code is not identical to
the PRN-ID in the message. However, the PRN-ID is not included in the C/A signal.
Therefore, in the present invention, in order to quickly recognize erroneous capture, a
preamble of a message for the indoor transmitter is set to a value (bit pattern) different
15  from that of a preamble of a GPS or QZSS signal.
[0114]
(Signal Specifications of IMES signal)
A structure of the signal to be transmitted from the indoor transmitter 200-1 (IMES
signal) will be more specifically described below.
20 [0115] |
The IMES signal has an RF characteristic corresponding to that of a positioning signal
from a satellite (e.g., an L1-band C/A code of the GPS or QZSS). While the IMES signal
is the same as the satellite positioning signal in that a structure of a navigation message has
a 30-bit word as a basic unit, it has a delimited short frame structure to provide a shorter
25 TTRM.
[0116]
In view of the RF characteristic and a message characteristic, the signal specifications
will be described below.
(1) RF Characteristic
30 (1-1) Signal Structure
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assist the identification of the delimters, the 3-bit word counter
is configured such that it does not take the same value as that of
the higher-order 3 bits of the preanble, i.e., it skips the val ue.
[0122] 30(2-3) Parity Code - 31 - An error detection code (e.g.
parity code) having a given bit length, e.g., a 6-bit length is
provided at a tail end of the 30-bit word. The error detection code
is the same cofier sxmlata seminkl centar dirdqueneypid iS5t §.&hiMgz.singna PRNesmgeading

32, 26 ded h ] . Th i d i th .
dont 11, cat FERDHY PrOOrHE oarir e, wp bl Sl 3oablaiod {amgds ¢ BRAK
and Par ity @ieal pALOGHIA EJing) mofiSgTe error detection code

generation algofithmand e€rror detection algorithmas those for the
satellite pfHil¥) oning signal are used. [0124] 10(2-5) Franme Structure

FIG 5is a dkzgranlshomjng a frame structure of the |IMES signal
[0125] 5 ¥ Nember 0bBansels apd PBN Gadeegral nul tiplication of the

word, and has e.fal.l ow format. .The frane. having the illustrate
et are 1o TRRDYES e o BRI ke S BT il chd seiients of B
t he 1st wor t ' i AV, it length, e.g., an
8-bit |engt I,{Nacﬁgéﬁﬂéé%a?eg%@?%mélgné%%ag\%é% (gﬂf/\ sg@ﬁ@‘ssage- type ID (M D)
having a gi Wdm8pit length, e.g., a 3-bit length. Except the 3-bit

word counter in each word and the 6-bit parity in each 20word, all
t he remai ni ng bi-8xNaigatigaMeswiges. [0127]

10 A navigation message of the IMES signal has the same word structure, bit rate and

modulation scheme as those of a navigation message of the satellite positioning signal
(e.g., C/A signal).
[0119]
(2) Message Characteristic
15 (2-1) Word Structure
Omne word consists of the same word length as that of the satellite positioning signal,
e.g., 30 bits. For example, in cases where one word consists of 30 bits, one word includes
21-bit data, a 3-bit word counter, and a 6-bit parity.
[0120]
20 (2-2) Word Counter
Each word has a word counter. The FPGA 245 of the indoor transmitter 200-1 is
operable, every time each word is transmitted, to increment a value of the word counter by
a given value, e.g., by one.
[0121]

25 The word counter assists an identification of word and frame delimiters. In order to
assist the identification of the delimiters, the 3-bit word counter is configured such that it
does not take the same value as that of the higher-order 3 bits of the preamble, i.e., it skips
the value.

[0122]
30 " (2-3) Parity Code
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FIG 5 illustrates a case where one frame consists of one word,

anot her case where one franme consists of two words, and yet anot her
case where one franme consists of three words. 25[0128] Although the
| MES signal to be transmtted fromeach of the indoor transmtters
200-1 to 200-6 is standardized with the satellite positioning signal
in terms of a word structure, it is different fromthe satellite

positioning sigpal in terns 0 he nunber f wor ds nmaki up, one .
frame. Specifi For deieetipp &Prée Eﬁgﬂt Ry ISE%E shaﬁﬁ‘ﬁla B8 h’gﬁ?f‘% %239 6-bit
plurality of gWﬁg NYETR ha

of words |né?ﬂggﬁiu dgégt&hgﬁ% frgﬁgggﬁkg e sat F??%gggé%tigﬁpﬁghm
signal . [0128§e §2thé) ofPhe dabllie: positioning [dignal-da.t a B 2cpbaerpled hagethd toda.
| eadi ng end of the 1st word in each frane has a 5given bit pattern.

[ 0130] 'ﬁﬁ?§M§Vém85taﬁl§ﬂ@®§ﬁ€%@npﬁﬁ*ﬁt"?qf‘il gdmigh of the frame

delimter i@ rently froma bit pattern of a preanble of the
satelllté oni ng signal, the bit pattern of the preanble of the

S5 s e SRR B bR Lt
QZSS. [0131] ( ZFhé)saivesga0detctiipecddd delbrlion algorithm and error detection algorithm as
those for the satellite positioning signal are used.
[0124]
10 (2-5) Frame Structure
FIG. 5 is a diagram showing a frame structure of the IMES signal.
[0125]

One frame consists of an integral muitiplication of the word, and has the following

format. The frame having the illustrated structure is transmitted sequentially and
15 repeatedly.
[0126]

In the 1st word, there is a preamble having a given bit length, e.g., an 8-bit length, and
the preamble is followed by a message-type 1D (MID) having a given bit length, e.g., a
3-bit length. Except the 3-bit word counter in each word and the 6-bit parity in each

20  word, all the remaining bits are data bits.
[0127]

FIG. 5 illustrates a case where one frame consists of one word, another case where
one frame consists of two words, and yet another case where one frame consists of three
words.

25 [0128]
. Although the IMES signal to be transmitted from each of the indoor transmitters
200-1 to 200-6 is standardized with the satellite positioning signal in terms of a word
structure, it is different from the satellite positioning signal in terms of the number of
words making up one frame. Specifically, one frame of the IMES signal consists of a

30  plurality of words wherein the number of the words is less than that of words included in
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The 3-bit nmessage-type ID (M D) prow ded after the preanble of the
1st word in each frane indicates a frame I ength and a content of a
frame including the 1st word. 15[0132] FIG 6 shows a conpari son
bet ween a value of the MD and a franme | ength/content. A content of
FIG 6 will be nore specifically described bel ow. [0133] (2-7-1)
Content of Massage 20(2-7-1-1) Massage-Type ID "000": Position
Information 1 When the massage-type IDis "000", the frame |length
i s 3 words, orfthmeyd the satedite positemingisignplosi t i on i nf ormati on. [ 0134]
FIG 7 is a qiggram showi ng a frame structure when the nmassage-type
IDis "000"013YFIG 8 is a table showi ng respective exanpl es of data
contents in th § ﬁorrespondi ng values of a bit length and an
LSB (Least Sig Icant Bit), and a range to be expressed. Wth

reference to FT&ES bit edinile pRoSite@nh 9 Eiea{d ¥ hhe 1bewoldsitrdabiedakelawa
[0135] i) Floor Nunber 30The 12th to 18th bits of the 1st word
represe agif¢rolit pattarmber of a bui |l di ng where the - 33 - indoor
transmtter_js.installed, and a unit thereof is "n-th". [0136]
Thi s val ue Wégo]a bit length of 7 bits, and no code. The LSB indicates

the 1st floor. il'ﬁl@ Pﬁ{) Or%l%tasé?gts th %eﬂtlfééa‘ﬁgﬁ of the e a3 ' ﬁ'i@e@erﬁfy frombh Bit

floor to + 100 'S exp
paitern of a preamble of the satellite positioning signal, the bit pattern of the preamble of

the IMES signal is configured to allow the IMES signal to be distinguished from the
10 satellite positioning signal of the GPS or QZSS. |
[0131]
(2-7) Message-Type ID (MID)
The 3-bit message-type ID (MID) provided after the preamble of the 1st word in each
frame indicates a frame length and a content of a frame including the 1st word.
15 [0132]
FIG. 6 shows a comparison between a value of the MID and a frame length/content.
A content of FIG. 6 will be more specifically described below.
(0133]
(2-7-1) Content of Massage
20 (2-7-1-1) Massage-Type ID "000": Position Information 1
When the massage-type ID is "000", the frame length is 3 words, and the frame
-content is position information.
[0134]
FIG. 7 is a diagram showing a frame structure when the massage-type ID is "000".
25 FIG. 8 is a table showing respective examples of data contents in the frame,
corresponding values of a bit length and an LSB (Least Significant Bit), and a range to be
expressed. With reference to FIGS. 7 and 8, contents thereof will be described below.
[0135]
i) Floor Number

30 The 12th to 18th bits of the 1st word represent a floor number of a building where the
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5[0137] ii) Latitude The 1st to 21st bits of the 2nd word are
arranged on the side of an MSB (Mdst Significant Bit). Total 22 bits
obt ai ned by adding the 19th bit of the 1st word to the 21 bits
represent a latitude of the indoor transmtter, and a unit thereof is
"degree". 10[0138] This value has a code. The LSB is in the range
of 180/1022, [degree]. to 0.000043 [degree] , which represents - 90
degrees to Hndogy §W§@§§mﬁd$$E@ﬁﬁP@%ﬂ@ﬁ?fFonébout 4.8 min a
north-southﬂgggfction. [0139] 15iii) Longitude The 1st to 21st
bits of the*3rd word are arranged on the side of an MSB. Total 23

bi ts obtained hyisadiends & BR 1o it 18d n®bdde. OThé NEBhRdicaEy He 1 & fldde

21 bits represent a longitude of the indoor transmtter, and a unit
t hereof is Adeffsserl - 261401 is 28 Taridsa rasdend —24th fooc ete 100Fh BodrSBexpsestedl.
the range of 360/1023 [degree] .to 0.000043 [degree], which represents
- 180 deyrebd3fh + 180 degrees. It is equivalent to about 4.8 in in
an east - west diijfﬁ&l}&%” on the equator. [0141] (2-7-1-2) Massage-Type
I D "001": Position ITnformation 2 95Wen the nmassage-type IDis "001",

the frame | engfhe i1 16 MQf B8 oPRR Ildewbidodr® 6@RdeANdn he SRRSO APMSB (Most
information. [0142] FIG 9 is a diagramshow ng a frane structure

when t he naSigaifieart\BiR. | Dotals22' BiGIdhiaikedBy didingshe 19thihitenfaho bt egrd to the 21
respective I%ZL(SarglPrLs%rslt aoll;titqﬁtt: gf tﬁg inr;[dggg t?anisn%ﬁ%rr,] ﬁné 'g gnnithereof 1s "degree".

10 {0138]

This value has a code. The LSB is in the range of 180/10% [degree] to 0.000043
[degree], which represents — 90 degrees to + 90 degrees. It is equivalent to about 4.8 m in
a north-south direction.
[0139]

15 iii) Longitude

The 1st to 21st bits of the 3rd word are arranged on the side of an MSB. Total 23
bits obtained by adding the 20th and 21st bits of the 1st word to the 21 bits represent a
longitude of the indoor transmitter, and a unit thereof is "degree".
[0140]

20 This value has a code, The LSB is in the range of 360/10% [degree] to 0.000043
[degree], which represents -- 180 degrees to + 180 degrees. It is equivalent to about 4.8 m
in an east-west direction on the equator.

[0141]
(2-7-1-2) Massage-Type ID "001"; Position Information 2

25 When the massage-type ID is "001", the frame length is 4 words, and the frame
content is position information.

[0142]
FIG. 9 is a diagram showing a frame structure when the massage-type ID is "001".

FIG. 10 is a table showing respective examples of data contents in the frame,

30 corresponding values of a bit length and an LSB, and a range to be expressed. With

- 34 .



30 corresponding values of a bit Iength and an LSB, and a range to be
expressed. Wth - 34 - reference to FIGS. 9 and 10, contents thereof
w Il be described below [0143] i) Floor Nunber The 12th to
20th bits of the 1st word represent a floor nunmber of a building
where the 5indoor transmitter is installed, and a unit thereof is
"n-th". [0144] This value has a bit length of 9 bits, and no

code. The Ls&renedicBiGSs9eand10 soniegtsthereofwilidferdssaribed belgwt h f1 oor i s

set, and a fOE}Q e of - 26th floor to + 100th floor is expressed. [0145]
10Lati t ude he 1st to 21st bits of the 2nd word are arranged on
the side of anﬁl‘ﬁ%r%\f[lg%} 23 bits obtained by adding the 17th and
18th bits of the 4th word to the 21 bits represent a latitude of the
i ndoor transm Thet2than2Dthbitnofithé het veod repssént e dloeeriumbed 386 buildmphwisere the
val ue has a code. The LSBis in the range of 180/1023 [degree] to

0. 000022 [ diede@dlansmifipicip instafed gohe ynit thagofisge8es to + 90 degrees. It
i's equival e%@o about 2.4 min a north-south direction. [0147]

Longi tude 2 1st to 21st bits of the 3rd word are arranged on the

15 o o, MEETaLhat P U8 oS T 1 o
i ndoor t r anamoffsetbf — 36t flaorisisét, drtderrende df's 26teffroe e+ 100th floor is expressed.
[0145]
10 ii} Latitude
The 1st to 21st bits of the 2nd word are arranged on the side of an MSB, Total 23
bits obtained by adding the 17th and 18th bits of the 4th word to the 21 bits represent a
latitude of the indoor transmitter, and a unit thereof is "degree".
[0146]
15 This value has a code. The LSB is in the range of 180/1 07 [degree] to 0.000021
[degree], which represents - 90 degrees to + 90 degrees. It is equivalent to about 2.4 m in
a north-south direction.
[0147]
iii} Longitude
20 The 1st to 21st bits of the 3rd word are arranged on the side of an MSB. Total 24
bits obtained by adding the 19th to 21st bits of the 4th word to the 21 bits represent a
longitude of the indoor transmitter, and a unit thereof is "degree".
[0148]
This value has a code. The LSB is in the range of 360/10** [degree] to 0.000021
25  [degree], which represents — 180 degrees to + 180 degrees. It is equivalent to about 2.4 m
in an east-west direction on the equator.
[0149]
iv) Altitude
The 1st to 12th bits of the 4th word represent an altitude of the indoor transmitter, and

30  aunit thereof is "m (meter)".
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[ 0148] This value has a code. The LSB is in the range of
360/ 1024 [degree] to 0.000021 25[ degree], which represents - 180
degrees to + 180 degrees. It is equivalent to about 2.4 min an

east-west direction on the equator. [0149] iv) Altitude The
1st to 12th bits of the 4th word represent an altitude of the indoor
transmtter nd 30a unit thereof is "m(neter)". - 35 - [0150] -

Thi s val ue ﬁ% no code. The LSB indicates Im An offset of- 95 inis

set, and a r ar%%f)%%lue’ B2 Ortiﬁe Bs%ﬁcﬁca?%qgnesﬁ%dofﬂe? Pl 1b‘f %ﬁ R sbt, kndh

Massage- Type e massage-

"011", the &s _Iggngtﬂummmw@res@dad the franme content is a short
ID (Ins). [0152] FIG 11 is a diagramshowing a frame structure

when the ne®tdlde-type IDis "011". 10ln a frame corresponding to the
short 1D a 10;bit short ID nessage, is transmtted. [0153]

Di ffererﬁly f r@nd- iﬁé%&%@@%@bgﬂﬁ[‘)ﬁ% (type 0) and the
nmessage-type |§," " i ag][aqg

directly acqwir%gﬁﬁ) &%6%@% c %)ID 1P I tﬁyﬁ%ﬂggﬁé@ﬁg PQO@Q Hgm?/ ne
provi der cagayRiree{mgdef i ne an ID of the short 1D nessage to

{0152]
| FIG. 11 is a diagram showing a frame structure when the massage-type 1D is "011".
10 In a frame corresponding to the short ID, a 10-bit short ID message is transmitted,
[0153]
Differently from the message-type ID "000" (type 0) and the message-type ID "001"
(type 1), position information cannot be directly acquired from a content of the short ID
message. A service provider can uniquely define an ID of the short ID message to
15 develop a flexible position information service in an area narrower than that for the types 0
and 1.
[0154]
The short ID message is used for association with position-related information to be
provided, in a local server 204 managed by a service provider in units of commercial
20  facility, such as a depariment store, a station mall or an underground shopping area, and
used as a route guidance or a key of information delivery in the local server
[0155]
(2-7-1-4) Massage-Type ID "100": Medium ID
When the massage-type ID is "100", the frame length is 2 words, and the frame
25 content is a medium ID (IDy).
[0156]
FIG. 12 is a diagram showing a frame structure when the massage-type ID is "100".
In a frame corresponding to the medium ID, a 10-bit mediuvm ID message and a 21-bit
medium ID message are transmitted.

30 [0157)
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15 develop a flexible position information service in an area

narrower than that for the types 0 and 1. [0154] The short 1D
nmessage is used for association wth position-related information to
be provided, in a |ocal server 204 managed by a service provider in
units of commercial 20 facility, such as a departnent store, a
station mall or an underground shopping area, and used as a route

gui dance or a Kﬁa/nibﬁmhﬂfiprﬁi@dsagénlsd@hgﬂ@rm ufitd B chiamalcids eholkty, OO a
(2-7-1-4) Massage-Type ID "100": Medium D When t he
massage- t ypéepribmens stor@ Gt statmemali aren uadrygrtunds sl@pmg deca, amtiuseHdo farcespa

25 cont ent hsla medi um | glFIG. IS a du@g ﬁp1shomnng
a frame stri3& §rrEeLiEAs arfsﬁ ace O‘E@eﬁ pigsiof the ceppmercial TGy - 't 1 o
correspondlli?g EE]O the nedium I D, a 10-bit nmedium | D nessage and a

21-bit nedi I'D message are transmtted. 30[0157] - 36 - The

medi um 15D messggRificallyg g5t @amehld, N tiiver cofEspoBdiE € iaadonfodC bt WerveUhthe
as a departnment store, a station mall or an underground sho

p
area, and uetemnet sanegesdhs mediowalD swiver URkndafon Resowes Lpesto Epﬁ edeeal
inunits of the co rcial, facilit 015 5S eC|f|caI for
exanpl e, a EEFELE 28y '?aéwﬂﬂﬁsﬁnh@uﬁeax%%m% 1ot eereat pyRg I i D.
| nt er net @gﬂs the medium I D and an URL (Uniform Resource Locator)
of the | ocal server, as a database, wherein a user can access the

| ocal server uShugiHeh@sitesliinfoinhdbon [pBdBdhg apparatus (e.g., a mobile phone) 100-5 is

10  operable, in response to receiving the short ID message and the medium ID message, to
send an inquiry about position-related information corresponding to the messages, to the
local server 204 via a base station 202 and a network, so as to acquire the position-related
information.

[0160]

15 As used herein, the term "position-related information" may be at least one itself of
the aforementioned information identifying a position of the indoor transmitter (e.g., floor
number, latitude, longitude and/or altitude), “advertisement information", "traffic
information", "weather information” and "disaster information".

'[0161]

20 [Configuration of Position Information Providing Apparatus 100 (Receiver)]

With reference to FIG. 13, the position information providing apparatus 100 will be
described.  FIG. 11 is a block diagram showing a hardware configuration of the position
information providing apparatus 100.

[0162]

25 The position information providing apparatus 100 comprises: an antenna 402; an RF
(Radio Frequency) front circuit 404 electrically connected to the antenna 402; a
down-converter 406 electrically connected to the RF front circuit 404; an A/D (Analog to
Digital) converter 408 electrically connected to the down-converter 406; a baseband
processor 410 electrically connected to the A/D converter 408; a memory 420 electrically

30  connected to the baseband processor 410; a navigation processor 430 -electrically
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Thus, the position information providing apparatus (e.g., a nobile
phone) 100-5 is 10 operable, in response to receiving the short ID
nmessage and the nmedium I D nessage, to send an inquiry about
position-related informati on corresponding to the nessages, to the
| ocal server 204 via a base station 202 and a network, so as to
acquire the position-related information. [0160] 15As used herein,
t he term " pesiteciod g the basthandyprocayedridd 0;' andeeydifpdayainil 4lsdlectrivally cewiettedto
the af orenentioned . i nformati identifying a position of the indoor
transmtter ﬂ{‘eer?aﬂl.gﬁt‘qql?fﬁ?esmﬁg‘gr, | atitude, |ongitude and/or
altitude), 'rgauertisenment information”, "traffic information”,
"weat her information" and "disaster information". [0161]

20[ Conf i gur at i OrheGhenR$ 1400 @ik1udeE Qr pTadaliQNofFiéh i stbiring thREiarPHIMEaliBOSK pseudo
(Recei ver)] Wth reference to FIG 13, the position information

provi di n§ appepmt emsel@de wettdmbes des doi Wlentifyig @acll ¢mission sbiroe ki ddsigeramg
showi ng a hardware_confi qur,at i on?gf tge posi_tion i nforma'éf'k_on
provi di ng apiFarEt JEOT FERTPIEGR 625FS PheIS fves of 6Rei RGP At USEh npPE SYstRthdhe

apparatus 1 ' s 1 ; 4AN RFARadi ) .
ront ol rour oL 387 ndetoh B 485 o101 [TAACRY T KGR ING b, if e
down- conver hemb&MT thd §HEd bCdlé Pat€R REREHRS ihQedsbtE aRrgbr Qidibef bf Sidhd will be
404; an AID (Analog to Digital) converter 408 electrically connected

to t he downassoreden themeh@By 420. b Lomlvanely ghoveslso of the Gypes ettodk pattdmys may be
connect to the D, convener 4Q8; menory 420 electrically 30
connect df 1 8etthé VBlxE Jesa e @m@%ﬁa A5, a5y e (BRIeBAY e 03 3 Grsedyrase
electrically,s,37 - connected to the baseband processor 410; and a

di splay unit 440 el ectrical | y connected to the navigation processor
430. [0164]

For example, in cases where 48 types of code patterns are used in a satellite-base
position-determination system using 24 satellites, 24 identification data (PRN codes) for
15 identifying the respective satellites, and 12 extra data are stored in the area 421-1 to 421-36.
In this case, for example, a pseudo random noise code pattern for a first one of the
satellites may be stored in the area 421-1.  The code pattern can be read out from the area
421-1 and subject to a cross-correlation processing with respect to a received signal, so as
to perform signal tracking and decoding of a navigation message included in the received
20  signal. The memory 420 also stores therein a preamble pattern of the positioning signal
from each of the satellites and a preamble pattern of the IMES signal .from each of the
indoor transmitters 200. Although a technique of reading out pre-stored code patterns has
been shown as an example, a technique of generating code patterns using a code-pattern
generator may also be employed. For example, the code-pattern generator may be
25  achieved by combining two feedback shift registers. A configuration and an operation of
the code-pattern generator would be easily understood by those skilled in the art. Thus,
their detailed description will be omitted. |
[0165]
In the same manner, a plurality of pseudo random noise code patterns assigned to the

30  1st to n-th indoor transmitters each capable of emitting a positioning signal are stored in
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[0163] The nenory 420 includes a plurality of areas storing therein a
plurality of pseudo 5 random noi se code patterns as data for

i dentifying each em ssion source of positioning signals. For exanple,
in cases where 48 types of code patters are used in die system the
menory 420 may include forty-eight areas 421-1 to 421-48. In another
situation, if the nunber of the types of code patters is further

i ncreased, athpateget2imitbd?21-48. alfes gxammple.a nseudegandosundise copepatierpasyigned to

420. Conversgl .the nunber of the types of c atterns may.be 10
set to a var e itadssy e Es Hns crreiin dicaie SAST adh i S TR Sdoor
420, on a CapfaMiefARRilAR Sped OAOAL patemf Ol 6X BRI 8 thd Fr QSBSNRRL & is
48 types of code patterns a used I1n a satelllte-base

posi ti on- detgefatabket focairasyes thenndior ngndittedtiglshel @mandér thdietwd &1 maid afhthe
data (PRN codes) for 15 identifying the respective satellites, and 12
extra datha &ihdoosiignsseittern using:thg sarae gte pattqre avppt Bgated withiniageeeiugble range of
exanpl e, a pseudo random nQi se code. patter.n for first.one of. the
catel | 1oe MEgPBeE g AEcPIop REoRhEian iRt AReriste: e Brfesduhpaible o
read out fromiing aﬁﬁ@reﬂ?d%mluaﬁﬁtit&&gbr&%&mﬁnﬁf,qn HeQ3he P86 SR budlling 130.
processing wth respect to a receivéd signal, so as to perform signal
tracki ng andotiéjodi ng of a navi gati on nmessage included in the

recei ved 20 signal. The menory 420 al so stores therein a preanble
pattern of the Ppessbasehsnd pepcessgnall comeprisen owglatpheecon 412 pdapteddp@cegpt a

preanbl e, pattern o e | NES,signal fraom,each of the i 0, )

Pr anom ¢ Vor o 5b otiant Ry eaal diRenst b P cBaftly Sen o2kt surplingyen
patterns hasyjegin ShaWRoASlaRP sQKBTRI L and alRERRInHE B orIAIRo Al B Ehi%RE &n
patterns using a code-pattern generator nmay al so be enployed. For

exanpl e, thesnistienr patceef a pgstieniag spnarbyse en Astaawiyive front thy caobsatiorg4i4.
two feedback_shift registers. A configuration and an qperation of the
code- pat t er n e HAVEHIN RENGFEOH &3R aSQmEBISeHH A8y SHGBRF DYSitiyBR SeRtqn dd2 i fer

the art. Thugc el el ahl st deseriaLan, Wrblohe, o edeok B10Rl, besed
In the sane nanner,”a plura |%_y of p eudo random noi se co B patterns
assi gnedist o dnesigdl Siltphirdi the delERiIAMe sEdE 116,108 Sn BRIGEr FRRRBING s&tion 434
emtting a positioning signal are stored in - 38 - the areas 421-37
to 421-48. Hor desieinplinformatios cindicativanefom mwsloge pesitien pétthe positers irformdtion

to the 1st indaqQr transmitter e stored in the area 421-37. In
this case. wHPYEMEHETRUID. bt dits St ot B S Be st e
patterns car[op(? used in the first enbodinment, it is preferable to
arrange the in gor transmtters in such a manner that two or nore of
the 5 indoor trHrsmtinneds? iscapable bE reaivimgaespectpatjostiioniag eignalt eindredt firdn
within a receivable range of a sane one of the position informtion

provi di m appardtuseeliteynils, dhked!?. tand o psgitiening signak amjtted Argp the drdoor
i nd t itte l.e, i h o f .the huil di

150- o166] tBE 2tk SFBER L sreen phoR i Prcise BrorBpid Hpdiing dopans
412 adapt ed {09 igemBBdiedasl? nﬁbﬂ@ﬁ%clylﬂyﬁﬁ%tei)ﬁ@%é Realdy LpTe Ve irhfinitiilS and

a control section 412 for controlling an operation of "the correl ator

section 412, reaindng adigpalr for miirelpss etdcommuditftidnoor dhet eorminmicegioanin addition to

em ssion source of_ a positioning signal based on data output fromthe

control sectth%ﬁcﬁiwgog'%a%‘@ipﬁﬁ 1PYRE pEMBssor 430 conprises an

out door ﬁosi[lbié)gTi ng section 432 for determ ning an outdoor position

of the poésition-information providing apparatus 100, based 15 on a

signal output fTRMREREndELEE B0NsRGeraBIe ! ih 96tpdrk® to Adeeptaly d SiEHADfeceived by the

positioning section 434 for deriving inforimation indicative of an

i ndoor posi tantmna402, kepepivei finoise ramfcyrihpbéessing row fiiemg EpEasieg fos odtpdfing

based on data, output fromthe determning section 416. .
only a signal having a predefined bandwidth. A signal output from the RF front circuit

404 is input into the down-converter 406.

30 [0169]
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[0167] The antenna 402 is capable of receiving respective positioning
signals emtted from?20 the GPS satellites 110, 111, 112, and a
positioning signal emtted fromthe indoor transmtter 200-1.

Further, in cases where the position information providing apparatus
100 is enbodi ed as a nobil e phone, the antenna 402 is al so capabl e of
transmtting and receiving a signal for wirel ess tel econmuni cation or
dat a communi cat lendowmcenyditeri 496 is oparitde e smphifyribe signal lvgtpabGom the RF front
positioning sign . 2p[ 0168 JIhe RF front.circuit 404 is .

oer abie. | riiteB A0%s et brtatcip e AT sichplods P b ettt eaiieied isgha The
402, to perf Fela] Halc j i i N r OHESS)|

for outputt ilﬂgemlon lf}glgg .%‘ﬁ%?& alvllpﬁ g%g? g%eéﬁ?]g%j‘%g%ﬁgdt %hgﬁgi ?}3‘3 g
out put from 48eis Rpefablent sabjectuhé ifterneldBite-figaptndyndignal irgutl ehsreintony ar digital
406. 30101691 - 39 - . The down-converter 406 is operable to

anpl i fy the eonyersipn pracpssingf tocrenyereit| ihe digignhtdaigi r Ehe disgtdadata pidinpuft ipte the
the anplified signal as i nternedi at e-frequency signal. The
internediatgﬁ?&ﬁﬁggﬁg?mgggﬂal is input into the A/D converter 408.

The AID conwggﬂgr 408 is operable to subject the

i nternedi ate-frequency signal input thereinto to a digital 5

conver si on pr ociasthé hgseband provesdr 410, thet @ndlagr tsadtioflad1a. is bperablt gb tpatform a
data is input into the baseband processor 410. [0170 In the
baseband pr c@agktien aroessing bewsen dicaresived simploand4h cods pofiern apideout from the

perform g, correl at rocessi ng. be ep the receive igpal ,and th
Dottt pat fter b o0 By B RE R AR tse T Bor S i iR st 4 B8 obfifble
414. For exapRksidd e t?]?f,@t bOwoSGGhé $fofl DdOPRTeRR! BrrtrehiRh ¥dedthabe By 1
types (or two orlnnre ypés) of codgﬁgiﬁﬁwns ifferenf I'n coéﬂﬁgﬁﬁgz
by 1 bit, andt, tixkthe oonradhtat seeticetiiioopaddile fopecfpei abtoeessing pé niatwhinmgahe code
processi ng of matching the code patterns with the dgﬁital data send

out from t hePakeins wish vl digital desg sendiput fam the AD eqpveidsr 48y Busthes, gie agurplator
i s operabl e, ed~opn .t cqde patter tra pQsi:ti.oni.n .
signal recei ¥ egb%l‘g‘zﬁg op %%bl%g)s?ls%dl %1nttni3 ﬁ?%dr I}?gt? " ’ntog}rgggﬁ??%{gl&ﬁ%%%g%l 5%°elved

100 and ixendy thy pesiGorOihfdreticostevilR lagparSudiE ihdiaentFy Bihd ofS1BE YeRGRtterns
identical to that of the positioning signal. In this nmanner, the
pseudo randomiiglohssea bio dejupedet identicalstoithi rof ithd paditiomingssignehe Ip 8u$ miaorer, the
i nformation proyidi apparatus 100 ,can,.determne fromwhjch of the..
satel lites trﬁauqoéeﬁogwﬁ%o@ﬁ? PEHIRTHE lg?naﬁaq?- vt i, RO R O PBRIoRER idipe
t he receive it h e j L6 Jut £ i - 2Q: :
tranom cter Skt 1BPLANCARR fidod pblcALT Bl B Bk Aed ARABIE el i
i s operabl e, trdnafiidd,oor Whehérddpteidied griienpgtd@ianis iransafitedfibat e tihdvor

posi tioni ng signal and decode a nessage therein. [0171] More
speci fi cHl | yiranpiister] e tIdeni the prsitsadeiopnatiwn@reddinparramtus 108 ipemerableabasié on

above 25 detgrm nation and seng) ut%f a_ dependi.ng on th
Geterm nat i Ot NeBEHECHEeGEET Bosmortad iF TSGonR el i fospieye messase
section 416 #gegperable to determ ne whether a preanble included in a
received positioning signal is identical to a preanble assigned to a
transmtter [LHgr than the transmtters nounted on the GPS
satellites.
More specifically, the determining section 416 is operable to perform the above
25  determination and send out data depending on the determination, to the navigation
processor 430. The determining section 416 is operable to determine whether a preamble
included in a received positioning signal is identical to a preamble assigned to a transmitter
other than the transmitters mounted on the GPS satellites.
[0172]

30 One example where 24 GPS satellites are used in a position determination system will
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[0172] “300ne exanpl e where 24 GPS satellites are used in a position
determ nation systemw |l - 40 - be described below. In this case,
36 types of pseudo random noi se codes including extra codes are used.
Further, in cases where a PRN-ID is included in a UPS positioning
signal, PR NO1 to PRN-24 may be used as nunbers for identifying the
respective UPS satellites (PRN-1Ds), and PRN-25 to PRN-36 may be used
as nunbers figrdesddi®ed bdlyw NJnThisc@EPSE h?uﬁoquséﬁ@ 188dodt hoisecodes! MEBNE leRira
satellite neans a satellite which is further |aunched in addition to
an initial | ywofesuare el s Fushdri fre casthevheset 3 ERYakRY inchidpd in aublR$ edsitiening
repare for possi f ai of the UPS satellite.or .the transmite
G ot her o ok ZANCYT ReRRd Moy BF waeckes ey fof it fspecave Crs
exanpl e, 12 RNPER r J e r F -
o Ty ansm taras PRNERY R DS, (e 36 365 RO At Er Ry AR fne
the transm trégective ¢t shtalies. herHdRzns aitellitd hems awheligd Whidh 1D Ger launched

different fromthe PRN-1Ds assigned to the satellites, such as PRN-37
to PRN-48, aneddiswiigradnitially leumibed saidliisn e Shofxtratsatetlitaisdatinchasi te prapare for

ot her words, in.thi.s ex I there are 48 PRN-I Ds, For exanp]e, .th
PR 37 o PR St o HB<RcHclly Shibel HugBtet A SlER BRGTi e CPS
taking accoypt;#f an arrangenent of the indoor transmtters. Thus, if
atransmitter output is set to a |level capable of avoiding
interferencgotmiween signals emtted fromthe indoor transmtters,

the sane PRN-ID nmay be used in two or nore of the indoor

transmi tllers. Bautber, 6 cxaropleal tynefesfenseudotramdony amsmiode pritersoare besigned tp
in a nunber .greater than that of the P Ds,assigned to transmtters
for “use on SRR Gantke TROE RATATHS Bk T-be TR ab e Bt SRS o0
they are in L0 - | ERNDER QL ).t :
as nunbers ? %fé?%éﬁg}‘%éﬁﬂge t éﬁpg%ggﬁe?e\?gﬁigﬁd%%r tranggnﬁlér{egﬁi ?He[%%t}%s’
The det er m BiigasSERN-3D 1o BRE-48S aepefigitdac ravpédive ehar @nbetrdimniities. pde other
random noi se 25 code patterns stored in the_nmenory 420, to determ ne
whet her a coWEds i thisrramplguibesre & RRY-IDsc eFttcrapplsi the SRNTY7 & IRM148 aze
identical tq the.code.pattern assi to_each of the |ndoor .

tr ansm dper asa i B8 ot SaRngRSH MRl g Rt of Ao BEHn f o ndoor
the determ RdafigniROS! | PihisAE R nedBnGFEA Bt Ishel tohvel Epab1Y 8FaRRENS inRPfeRAce
signal is transmtted fromone of the indoor transmtters. |f not,

t he det er nmi rvetveges eighalp amite8 foew drenindes ttansnittetsethe some \PRIN-Id siayi benised) in

. two or more of the indoor transimitters. Based on such arrangement, the transmitters can

be used in a number greater than that of the PRN-IDs assigned to transmitters for use on
20 the ground. Further, the PRN-IDs may be used such that they are included in respective
signals from the indoor transmitters, as numbers for identifying the respective indoor
transmitters.
[0174]
The determining section 416 is operable, with reference to the pseudo random noise
25  code patterns stored in the memory 420, to determine whether a code pattern acquired from
a received positioning signal is identical to the code pattern assigned to each of the indoor
transmitters. If the two code patters are identical to each other, the determining section
416 determines that the received positioning signal is transmitted from one of the indoor
transmtters.  If not, the determining section 416 determines that the received positioning

30 signal is transmitted from one of the GPS satellites. Then, the determining section 416 is
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30 signal is transmtted fromone of the G S satellites. Then, the
determ ning section 416 is operable, with reference to the code
patterns stored in the nenory 420, to determ ne one of the satellites
which is assigned with the acquired code pattern. Al though an exanple
based on the code patterns has been shown as nethodol ogy for the
determ nation, the determ nation nmay be nmade based on conpari son of

ot her dat a. dpomblexaitiptedcrence tpthe icsdepafiemt stoted iPHRRMeDBYH30, edatgmthef ame of
the determ nation. [ If a received signal is identified as a

0175
e o 7 anahd st A biscaspEnin it SWrd FoBapatiene JIPEVSH B Rgmpe

Srgnar 1o eSO R ods 8D R honclpPa S Palhcicel I dSachGiRalion. e
from the i depichhinionaPbainfte babd dilemupfi R 6kl @, MBS Gfple, comparison

O herwise, if the received signal is identified as a signa

transm t ed o terARMEDOMaY euded daralic datamsnxivi.er s, for exanple, the

i ndoor transmtter 200-1, the determ ning section 416 is operable to
send out datl8lZ2dquired fromthe identified signal, to the indoor

posi tioning segtiaon 434.. This. .data .i.s_coor,di nat. | ues - as 1
fata for i dent oG Al et gfiRe oha SR SoPot st Botna BE 86375 A
certain sityg! HQBmifRg Lectiddes fsi GREdbRN 1 SRR ut %tat:ilgr?ﬁrédr BHRMhE i@dntified
may be used. [0176] I'nthe navigation processor 430, the outdoor
posi ti oni ng simell itonhed3dod msttivaink esectivms43L. oMht kietadatairalefibmotht ifenvified
the determ ning section 416, to performa processing for cal cul ating
a positildn otentlhisclydesia nayigation messags: orPtheresedif thy ragnbved sianel isadentifipd es a

20 i fi Ly, . the. d jti i fi 432 | bl .
based on dat Bt oAt nddhiee wlPoi RSl i fagnuf, GERUSS Emsmiter
(preferably,208quhe @Eteﬂﬁhﬁak_s@ﬁ%fﬁ% gslnd ' ltag‘fé,to g&d%ai & @h?uéde@&ﬁ%ii&&ﬁﬁed

propagation tinmes of the signals, , based on the cal cul ation
result, to cighelitatie ind@ogotiionngfediion 434si ThioKdatari$ ovordinate nvapies predieh gs
apparatus 100. This processing isf performed usi ng a_caqnventional
satel lite pdSrPoREpEymgaRhsHive. of th wdpdrdrasaitpg s Yl dn astsdaigaiipaipn, an
under st ged : I I . its description wll be
om tted.q%[ 0 %E'?}lﬁ&ﬁﬁn?lﬁh#%:&rtlﬂégtlr%{a%ﬁng%&%a?&gggesdbr 430, the indoor

posi tioning [8em)ion 434 is operable, based on the data sent out from
the determning section 416, to performa processing for position

det ermi nati on iin thasewgatlvar proedseor 39 tlicoputiont qositionivg spetioni 4H2nig operable,
apparatus 1Q0 i.s | ocated in 30an jndoor .area. .The. jndoor. transmtter
200-1 1 5 opdreias B dupseit bub BOR B ARG Aeaton A D AP LRGPP BE fo
| dent i fyl NG cfioRefhid 1a0BodRAS bt I podtEBA | ihieE AN ofudlSSa0bOCHfore
| ater. Thus, the position informition providi ng apparatus 100 can

r ecei ve 20he spa#fidallpnihe guriognpdsitionthgeseci@c 432 &t @petabld, Baked dnnddtdéncluded in
signal to identify a position of the position information Brovi di ng
appar at us 106&nH8 savftednirarn shresc or metee@raferelly. fPhron mewd CPS satetlitesn toneplculate
section 434 5 perforns this .processing. ta,cal cul ated b he
outdoor posTEPBIhcPURAEE I PS5 5 D ATEpPe R di-clie by i SPiralsgn tesuls, to

posi ti oni ng cREhi.Ahodditn io§glgzﬁghiw{nfmﬁbﬁymefau{g%aghﬁph@oz l’l’?ﬁstlfréél?gsing

More specifically, these d are incorporated rn data for displaylng
a screen | magperfoomednsinga eorventiomabetdlidie posidonisg tectmiquenedbis pagtessing would
position or an inage for_indicati ng a read fositi on (e.g

L,oan
i nst al | &5 orbereaiirndarsterd phibosernkilisd in haAgnm Thusritsxisecripfion illibe pritiedrage
IS

[0177)

In the navigation processor 430, the indoor positioning section 434 is operable, based
on the data sent out from the determining section 416, to perform a processing for position
determination in cases where the position information providing apparatus 100 is located in

30 an indoor area. The indoor transmiiter 200-1 is operable to emit a positioning signal
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10di spl ayed by the display unit 440. [0178] The position

i nformation providing apparatus 100 further conprises a conmmunication
section 450 for performng data comuni cation with the outside, for
exanpl e, the local server 204 functioning as a position information
provi di ng sewer, under control of the 15control section 414. [0179]
In the configuration illustrated in FIG 13, although not

particul arl ynchidimgtdadh foo ideh@fyingl 4 paditih, (position hlegtifidatipn ALE)S ¢ deschBddRRA
the reception of a position signal and the generation of display

i nf or mat i onTheséeaesitiom tpforgption providing snpatatusi 108 g regeiys thetpesigigning signal
down-converte 06, and. t D,converter, 408 are. forped by. hardware
and a proc e?g{ ?i‘g‘a‘ﬁh‘%é%ﬁ&g?ﬁfh‘é‘e égé’@fofg’n’&e’fz} BR8P @@eal?%mtoﬁénfl(\’%naﬁon
navi gati on f orgi Y-

stored int @ mero g}m%%gl Wl—%av?gsg??{ei ér%&rgggdagﬁﬁt oﬁfgq%drorggggsél r’n’%%r S%&EOF%‘M
correl atdr patirinethidjideesting dO4ts ehlailaed $¢ dhsl @utdodl Bosiioninesectiuaf 430 Wi elgta

to achi eve the processing based on hardware, instead of software..

25[ 0180]  readyoutbythe indeprpositionipgGectipg 434 ivwesed e dispharan the display phie 440.
position infprmti rovi di,ng apparatu 00.wi Il he.described. .FIG
D2t s ot onErE e Ol Mirs¢ (R B RR oSt bl oro BEUASEE p PG ES o
t he basebang. : : i I O - t:h
D0Si 1 on | nF et o antge do el S e bbb TR 1Rl rad
Step 8610, pdssriopoeigt,iaarinstaifaciomibdchton pf oiiitdoog tappattet 2089-1)0éhdaghel kinb@&Sis
(tracks and captures) a positioning signal. Mre specifically, the
baseband0 pr dieplaxed by depligpayepit€48n i nput of a received positioning
signal (di g'g%zé]-converted data) fromthe AID converter 408. Then, the
baseband pr sor 410 generates, as replicas of pseudo random noi se
codes, a 5 pl umg hdsidalinfeRERioRJrddiAS aléb%i’dttﬁgm@'ﬁfnft}ﬁf Eathpriseds c AR RSsation
reflecting a possible delay, and detects the presence or absence of
corr el at i onsdogénwEhior lperforaried ded cpmeduhicatidngith itignadtsids) doreaamphd, thchipcal
code patterns. Fqr exanple, the nunber of code patterns to be _
gener at ed | €SOt ifvsdioningjas acasitongpiomaian propiding servsy, usderpgpatrol of the
exanpl e,z in e a chiprate is 1023 bits, 2046 code patterns
havi ng %15 se&@@?ﬁ%&‘m&@?ay or code-phase difference of 1/2 bits 10 can
be generat ei7djhen, a processing of correlating each of the code
patterns with the received signal is perfornmed. In the correl ation
processi ng, if Ithequnpauratipavilingrated innkléndit glteygiamot partieulaylyelimied tohtha

def i lue.is detected i f the code patterps, th
abcband pr GLBGLH ih o g, AOERTEn BBy traeeaRn i EPUBR FiEpomd

baseband pr BCEYYEr Pt 20" Ekh § FERPY At PPEEE
he Tocked Eadaah o P BEnIERT (e LplRR] W0B URIRE, B0R, prls 200,00

code hagt ngdewhidnvereg4eher] Bt A/Decohagteed0s addomrt behardwhiySnd & pRSEIE
random noi se code used for formng the received positioning signal as
a spread spEceeiuehtbhbasehadd progesspr 414 dnddhe navigation progssr 430 may b iperformed
processing of correlatin recei,ved and quj,red si.gnal with each aof
b pl ural i Ty S0  8grean gted B TBrREY doltor Hpwtrer iR e ihe FRUEIIEdR
| nfor mati ongRreGMLidioR SechBR AT A U8 cAADRITR Yo A1DGnACH EHBZuRE 18 achieve the
paral | el processing, as descri eg | at er.
processing based on hardware, instead of software.

25 [01R0]

With reference to FIG. 14, a control operation of the position information providing
apparatus 100 will be described.  FIG. 14 is a flowchart showing steps of a processing to
be performed by the baseband processor 410 and the navigation processor 430 of the
position information providing apparatus 100.

30 [0181]
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[0183] In Step 8612, the baseband processor 410 identifies an

em ssion source of the received positioning signal. Specifically, the
determ ning section 416 identifies an 25 em ssion source of the

recei ved positioning signal, based on the PRN-ID associated with one
of the transmitters which is assigned with a pseudo random noi se code
pattern used during nodul ation for generating the received

posi tioni ng si dnaitep( 80ld, theywkitign ddbranation pediding dpperatmsnitd yacdidfds i(inacks &ad
13). If it is determned that the received positioning signal_ is
emtted froffERed A BRsgionggaignak nMarg spscicallp dbs brschagd prpcpssey 4 thacaertpan

om tied i n AP Ao SPLEChARRRd Yol O B Gl VERaNER) AN AR e s

Step S630. @HBErHé 5&ebdnll éﬂ:éceés& IR S8 ast Aflicat B pdeBESCBSIn noise codes, a
positioning signal includes a plurality of positioning signals
em tted Bromphbdith of vedo pettbowr haxingadiffadnt relei pidowrrefectiag at fresiblendetay] and
routine is shi ft%ga to Step 5640. [0184], 5l n St eBFSGZO, t he .pgsit.ion
i nformation dﬁﬁeﬁt\?i MESCRP A rAAEHET 2P0V Getaieas H%Ceﬁ’@é PP?‘B‘PH%S@“&I and
signal to acgui Lncl yded therein., Specificall e _qutdoor. ..
posi tioni ng%géglcéfﬁ%%%é%zp ac@)t_% m?‘helg Or{ae\)/('nﬁ%lfb i %lﬁ “EP%?:%%@"??? ° ﬁ%t&wetﬁg)%ﬁeg?rétgd 18
the positi omyhginfes @H cosd S¥hé BR paRgss. pan_lstcﬁkrexhﬁ?mpﬁwagdsxvm@é Rlpirite is
the nenory 420 (the code pattern | ocked in the aforenentioned manner;
her ei naf t er 1027 bits; 3e#G wdapattchshvedg e salpentad telayndr) cotle phase diffesenae a0l /2 bits
navi gatign nessage fro sub-franme, constituting fhe positioning .
si gnal . e fen gﬁg@%ﬂg«s il?mtwoeiwa_%@? c%@atﬂgo?ﬁﬁhg?g@cﬂde Patiegps with the
subj ects 4 QL. 1Rk %i@%ﬂw B&%rﬁ%&.' tfn,O{He“&)P%la%Bﬁ"p?oéerérg, rl?\éhgtﬁtl]:nﬁrhavinﬁ an
nessage processing as a preprocessing of position ermnation, T/ a
convent i onalintffefual fOdrShdatel W predefin®l Audi Létcctbd Fbshe O 1R do8S Phterns,
of the above Processing, the outdoor positioning

the baseband processor 410 can lock the code pattern, and ideniify one of the satellites

which emits the received positioning signal, based on the locked code pattern. There is
15  only one pseudo random noise code having a bit sequence of the locked code pattern.
Thus, a pseudo random noise code used for forming the received positioning signal as a
spread spectrum encoded signal is identified.
[0182]
The processing of correlating a received and acquired signal with each of a plurality
20  of replica code patterns generated inside the position information providing apparatus 100
may also be achieved as a parallel processing, as descried later.
[0183]
In Step S612, the baseband processor 41Q identifies an emission source of the
received positioning signal. Specifically, the determining section 416 identifies an
25  emission source of the received positioning signal, based on the PRN-1D associated with
one of the transmitters which is assigned with a pseudo random noise code paftern used
during modulation for generating the received positioning signal (e.g., using data stored in
the memory 420 in FIG. 13). If it is determined that the received positioning signal is
emitted from an outdoor area, the control routine is shifted to Step S620. If it is

30 determined that the received positioning signal is emitted in an indoor area, the control
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section 432 perforns a processing for calculating a position of the
position information providing apparatus 100. For exanple, in cases
where the position information providing apparatus 100 receives
positioning signals emtted from4 or nore satellites, a distance
calculation is perforned using satellite orbit information, clock

time informati on and 20 others included in navigation nessages

denodul at ed fontim neshified i weSIEPSP0si Otlomwisg, i gnisl deterni@6that the received
QG herwise, in cases where, |n Step.5612, .the position infor ion
provi di ng apRRStiapiRg sieng iRgpden g uraling g Pfealwrfggﬂ%qa%ﬁ&}m 7<% B gidoor
e oAt el v cied AR AN oG AR ALRIALA RBPsEIONAl from Lhe

i ndoor transmtter (1'ndoor signal), the position 'nfornmation

provi di ng appaggt us 100 denodul ates the positioning signals to

acquire data included therein, in Step 5640. Specifically, the

out door positi ol Rgps¥E0j the pBRiodeinfadmbtinne provivengpargiatatisn] gdenayhndies the
sent out from the baseband pr.ocessor, 410 usjng the_|l gcked cqode .. .
pattern, to RASHiGRng steaploiapduiredat npluthel B | tSB?‘iﬁr-‘fﬁﬂ&a f OBfflogr pesitioning

posi tioni ng §j " I S,et ! i i .
provi di ng ap%gt?daﬁ%% ofége %%’é?a gﬁ @Z’Fﬁ‘:%% ijcg)-e%egrﬁ%g%lwg h%yénﬁqsgfoﬁgesfgﬁal- i< the
because it r@_@@iﬁéﬁ&nb_@ﬁlﬁloﬂaﬂ? PRfekt inOfhe NblefibigNA0 {the Bolld Patierh Gbdliell 6in the
and the positioning signal fromthe indoor transmtter. Thus, a

navi gat i on naswsmgeiidney inpnert deiciraftererefiated fosasaigelied eddé pattara'hego acquire a
positioni({;g signal fromthe satel]ite, and_da&g havi ng E).ositi n .

i nf or mat 1%on BYEAUYSIEHASCBONH Filt gopgauting the pAsiHEIYNg pighalt hhen, in Step
positioni ng & . i r i . i f1.cal

PR St ep 5642 U enae ouiga batfioniie sBiHR3) SRR 4 b buord B ARRRHbhGR ekl
processi ng ob Aaggdtion gnékeded, prédtedingiss @ pre@0desHTBE hosifodl détkimifkRionAin a
| ongi tude and an altitude, fromthe positioning signal emtted from

t he indoor tdcavewpPRal @@np®0- 1. Further, the indoor positioning section
434 acquires OZ%é]aVi gation nmessage fromthe positioning signal emtted
fromthe GPé ellite and perfornms a navigation nessage 10

processi . ThePpent AES1GPEA0basE LY 4 REult §F tﬁ? hiidv@ rdcOssRieCilic 8l dor ﬂo@illioning

Step S624, an operation of selecting one of the positioning signals
to be used isctidnedi2osirforon a pedoessingniat icalouladinge pbatioredf thayesitiod dformation
exanple, on respective intensities of the indoor signal and the L
out door si griPVviding apraatvgid).  Fer exampleningasgsiwhest the pesitiondiormalion papvidiag

greater tha %1_ gt%-o Qer -Si gnal l‘{,%i c%)rsi nal,.i .
Seroct ed,  angrines A00paEngy 008 R S8Ry chite; PRtk Tushiey g digance
are used as q@lcARGbt i pebrmich CusS bdlB drBft AhBhAtA, RI0AY ithhethformation and
apparatus 100. [0187]
20  others included in navigation messages demodulated from respective GPS positioning
signals.
[0186]
Otherwise, in cases where, in Step S612, the position information providing apparatus
100 receives a positioning signal emitted from the satellite (outdoor signal) and a
25  positioning signal from the indoor transmitter (indoor signal), the position information
providing apparatus 100 demodulates the positioning signals fo acquire data included
therein, in Step S640. Specifically, the outdoor positioning section 432 demodulates the
positioning signals sent out from the baseband processor 410 using the locked code pattern,

to acquire data in a sub-frame constituting each of the positioning signals. In this case,

30  the position information providing apparatus 100 operates in a so-called “hybrid mode”,
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O herwi se, in cases where, in Step 5612, the em ssion source of the
recei ved positioning signal is an indoor source, and an intensity of
the indoor signal is equal to or greater than a given |level, the
position information providing apparatus 100 denodul ates 20 the
positioning signal to acquire data included therein,  in Step 5630.
Specifically, the indoor positioning section 434 denodul ates the

posi tioni ng tstawalt reeites both the positiching szseldeom thersatiibs and thi Positisiingsignal
the | ocked code ]?at‘ rn, to acquire a nmessage data in a subp-frane

const i t ut i ngramehe, dudopr dransweitten g Taps. arRAdETHo8 SrEfEagea Ravings cbﬁléltmfeéafﬁ s
a positioni L.gn e 0 t (-
substitute %g?ﬂe%eﬁjﬁglv%ea%%tﬁgég%ﬁ r}lgl (gl[s;!ﬂll (r%ié u%%gﬁgnglﬁcﬁéjmﬁogia l?%r? Oﬁltion

si gnal s em tiaRenidcAButings ®etsdrhinke sfalués% @8qhired frohl@8 poé1ﬁoz§§§ﬂg1§@ %%m the
t he i ndoor positioning unit 434 acquires coordinate values Tromthe

message dat anddor ézapsnaitiepi Mige d&cﬁicﬁkb,\r m($mpt$6452; thg iadodr petitibling setion 434
| ocati on of the indoor transnitter a floor nunmber, a | atitude,
a | ongi t ude PRHEMRSR @P%Wlaaeli 3Cqu19&5é@&lféﬁh 752 flagy mlw@erp 8 datiuge, 3 longitude and

shifted to e 0 9 o i nf

orovi ding agbeRurde 16 A eyt S, cpich ol oBt ahdn' Rledhlf 120
nmessage in $u@BerSGRO indode p@élﬁbﬁlhg)@edti&flﬂiﬁabdqﬂﬂeéﬁ)hoﬁ{dvﬁ’gaﬂ&l FRRHBL MG the
100 denopdul ates the positioning signal to acquire data included

t herein, i n pBsiipniBe 3iEnailbhmitted foor NheSGPS &63Re andepepioemd iaaravigation message
i nf or mat. on provi di ngqla pparatus 100 transmts the short |ID nessage to

the | ocdld sdrerersings Thea the soptraloprinepnghéirddn quﬁe? %m P (Rl ageration

ﬁggsg ggel ve%é%]g@ ﬂgS&e pg'%g{gg‘?otsjo‘aaglgg% o%ﬁ&%p@g’gh t%u{: gosgtgosnl {letérﬁmatmn is

det er m nat i QRsfoinidd Bed¥d, g@&leezan?kow&éspectﬂ;@ As%ﬁs:ﬁ@sr b (¥ indodd! ng S Ghe
for displaying the position information on the display unit 440.

Speci fical |l wut®he51m| garievample.otibs stansit3of the indpert segnal imgrpatet tinm thiabef the

indicatin th oordi nate. or, data for indicating the
 nstal | at ofb5e5 T ﬁ‘r- oo it et e copiFInRle Yiees SRf{pded i the

the df'it 5t 0 b d¥r Qgﬁgh@ﬁsbﬁlésta Stfion @?&@g?ﬁ’ﬂh 1Hﬁ)nﬁ9ﬁ691 r&\n ]pg'a%}zﬁtys 140i t

440 dIS ays t he Ition 1 nformation e p05|t| tion
provi di ng agpeR7at us 100 on a 15display area. [0191] Wth
reference to FIG 15, a display node of the position informati on of
the position i riPBeEmGss on %ﬁ‘?ﬁvw 1R inaSfsar 8017 thoemissian W@egé thep eggeived

FIG 15 is ada oW n sScreen on uni t

of the posi POIOHR SRt 5h ePeCuRRy B ap B bob matd { fabarte S
DOSI tion i ”fg?éaf’é?tﬂhéﬁrh Bivey le%l”%e%@ﬁbﬁiﬂi@mﬂa@@n bﬁﬁ?dlﬂ@ﬁ'pﬂa&%lst 1'0@ r!!eﬁﬁduiates
signals emtted fromthe UPS satellites in an outdoor area,

di spl ay Ani tthedpeititingyy sigrsal am acquire daGOinclndidcthtieiny in Satp $ﬁ391 t Spnmﬁcally, the
i nformation hia% acquired based on the GPS positioning gnal s. Then,

when a user 'OOF RESIHERPE iseetionntyr Ham%liﬁtf‘;ﬁr@mmsw@n@gpﬁm a%nflfm rey0 he
to an indooy &'bgr?d P}oﬂeess&oz?fot L9 oY RERRLLRA0 REQY! & NuBPRALAMR 00 a

becones unab ECEl
sub-frame constituting the positioning signal. This message data is included in a

positioning signal emitted from the indoor transmitter, as substitute for the navigation
25  messages included in the positioning signals emitted from the satellites.
[0188]
Then, in Step $632, the indoor positioning unit 434 acquires coordinate values from
the message data (i.e., acquires data for identifying an installation location of the indoor
transmitter (e.g., a floor number, a latitude, a longitude and an altitude)). Subsequently,

30 the routine is shifted to Step S650.
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25 positioning signals emtted fromthe GPS satellites. Instead, the
position information providing apparatus 100 recei ves a signal
emtted, for exanple, fromthe indoor transmtter 200-1. This signal
is being transmtted in the same node as that of positioning signals
to be emtted fromthe GPS satellites, as nentioned above. Thus, the
position information providing apparatus 100 perforns a processing
for the sigf@lg9 n a manner simlar to a 30 processing to be perforned
when positioning signals fromthe GPS satellites are received. - 47 -

After the posi tf Bf PPHEY FermaPnTeVitiar appapaltraccives @ shahll message and a
iti i nf ti f th [ | .. the.dis, it 440 will

bt o AT S8 AR S5 0 R s 10

acqui red bag@dodilité thé ghRiorP difhlltd 4@t BRRME] ’Eh%feiri,_’ﬁ?St%b'S%@’O.i Nrieh,

i ndoor area. 5[0181] As descri bed ‘above, in a location where it

i s i nmposS§i bireStep $63Eeiheepasitidn anfoandon Fovillingsapasratugn 100 eraaseiss the short 1D
bui | di ng or an under ground sho%)i ng area, the position information
provi di ng aplsasge trsthegocal semvpel¢4 vidta astmeth e dnsthe peadim &D tessage, and
receive radig waves.emtied froma transmtter ifdstalled therein
(6.9, one STURPTHGEGOTAI ARt e PornIFSa8E 10 one of the
i ndoor tranggyghters 200-4 to 200-6). Then, the position information
provi di ng apparatus 100 is operable to acquire information
identifying a poSicpiS650,bhsetlba atresmiisifitiet pasitibe dgerminaion dthaadvigatiah pesesosr
mai | address% and display the information on the display unit 440,
Based onlt h&3Qpsfrmy aprqcasstetat displaying teapsiien infrmstien en t display unit 440.

i nformation LA ar.at us 100 n._know a current .pasiti on. .
Thusr Tt beshrateelat SRAAHEN BboditrrR ket HREh ool ek s R Riek Wiaspired
a location vwhediBatk tor iatal EPRERhIMLHE tsHILEGT lo¥atlBCHT NS ind8dratdnithRler 200-1,
positioning signals. [0193] his makes it possible to ensure

st abl e si gnaid seadebwti the data tathel disiigr vt ¢4). Raskdpmothie distaptsidisptay unit 440
information with stabl.e accuracy of., about several neters even in _an

i ndoor ar eaﬂlsaleyi%aga?twn qunﬁa%%mi{th%mm%?nev ERatton peevifing ﬁ@%&ﬁ@ ona
(cl ock tlijrredgélﬁgmte?_ansmtter such as the indoor transmtter 200-1)
and a clock t of a satellite may be i ndependent of each other,
i.e., are n@lgtequired to be synchronized with each other. Thus, it
beconmes possible to suppress an 25 increase in production cost of an
i ndoor transni Wi refarence HeFIG. tiRer displey mode ebthe positgmistormationeoighepesition

times of a IuraLl.it of,.i ndoor transm.tters,. vﬁeﬁlﬁ:{l} facilit.ates st em

managenent . Toaap ronding Sopeyp BB RN o ShtipfL B Pl ifgRRgRERE S

instal | ati ogerdACRiNHbnahe £8Ay Bt @dﬂﬂiﬁ@%dsftbén‘?ﬁfo?h@a&oﬂ AR ding apparatus 100.
transmtters is included in a signal to be transmtted from each of

the i nd@6r WhéB the position information providing apparatus 100 receives positioning signals

emitted from the GPS satellites in an outdoor area, the display unit 440 displays an icon

710 indicating that position information is acquired based on the GPS positioning signals.

Then, when a user of the position information providing apparatus 100 moves to an indoor

area, the position information providing apparatus 100 becomes unable to receive

25  positioning signals emitted from the GPS satellites. Instead, the position information

providing apparatus 100 receives a signal emitted, for example, from the indoor transmitter

200-1. This signal is being transmitted in the same mode as that of positioning signals to

be emitted from the GPS satellites, as mentioned above. Thus, the position information

providing apparatus 100 performs a processing for the signal in a manner similar to a

30  processing to be performed when positioning signals from the GPS satellites are received.
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transmtters, which elimnate a need for calculating position
information fromsignals emtted froma plurality of satellites.

Thus, it beconmes possible to derive positioning signal based on a
signal emtted fromone of the indoor transmtter. [0196] 5Further, a
signal -receiving position can be identified by receiving a signal
emtted fromone of the indoor transmtters, which makes it possible
to nore easiAfier &elyosivien amfp@fitibh 9 vidHOpRBRRIGONOPhired RBitHyShefhABn from
conpared with the conventional satellite-based position determ nation
syst ems, sudle signalhtheUlisplay 009 ARO ngillndisplay podean 320 ineatingthadrthe position

provi di ng apparatus,100,. har dware achi.evi.n he conventi,on posi ti pn

et er i nat | OHOGATOR ol HEbhe DEmH SRl & PR e i aled i n indoor

fromthe iangy transmtter 200-1, without a need for dedicated

har dwar e, and a signal processing can be achi eved by changing or

modi fyi ng s¢figmpre. Thus, there is no need to start design of

hardware from zero to use techniques related to the first enbodi nent.

This 15 makes iAs qesgdiedlabovepinsailopativnsvhsre it ircimpassiblé ko ogte wiliotwaves, such

position informtion praqvidi apparatus 100, which facilitates, )

bopul ar | zat PORN G rietasie: Qildihe o eb SRR BIOHP hopPaE AtF>elip APSibers nfostpation

Further, it oRESBAPSHRRRRIIB0 % (8 b QbR Shditilliol BINCHRID Whves emitted
Bparat v G'7E

provi ding a capabl e of "preventing an increase In CIFcui

and conpl exifioyh 4 Gagsniigeti ihst4lRAfthedein 3é.5.06ne H0hO LRBbr transmiREL200-1 to 200-3 or
specifically, the nmenory 420 of the position information providing
appar at U§ 100 pothg sndopetranseditsts 20044 RRIGOFMs  Bheh, theepositige infonmation profvisting
t he i ndoor transm N ers angﬁeor the satellites, .i.n assocj.ate

rel ati on. THEP 0 i5 appe r}gtaF%reF}P Wﬁf%da%%p%fi@gsx&% ofj the fransmitter
operable, a r gl 3 j: . .
ot er i i ng et e g VALl BORATadl0:oh ahd Afle? IR BRSSP0} Be foplay wni
satel | i te od4d.heBdsationrhd digplayddt ihfotmathons @disaoft the pbiierd BormbHoss providing
programis achi eved by a processing unit, such as the baseband .
processor. APRaEtHR(0AN know geuerd ppsiven. i et ndecenesnosyblditnprovide position

et or m 3t SRoRRg? el i, LSRR vRAE B mta TR bl o e s

achi eved by phdigoigsmm 30[ 0199] - 49 - In cases where the

position inFornation provi di ng apparatus 100 is enbodied as a nobile
phone, the §&3lred informati on may be held in a nonvol atile nenory
420, such as a_flash nenory. Then, wh a.call is sent, out fromthe

mobi | e phone, 1S T83fes 1ROrble fp enswre figRlsrsienabigeqiwpe Banipdaes Alepradd preyide
recipient. i'pB‘si%iéH fdifafon PAR stabRMcd %c r&%h&% %et?rg’ e{réhemcaﬁ' ih Jgr area.
i.e., position Infornmation acquire om the Tndoor transmtier by

t he posigbi on information providing apparatus 100 is transmtted to a

base station relaying the call. The base station stores the position

i nformationl[@@dkt her with receiving date/tinme as a call |og. Further,

i f | i ) t act . 0., 110 in J .
pos 1 o | nf or FAEHBETb SRR SERaRe HRYPBEGK Aty TABERAE e indoor
the not i 11 chhdua1208.153hd £H1abl S B 0udTRBILS LE B RAN BB e

same manner as t in"conventional noti ion o I'er fromd
fi xed- phone pdiequigdense gatlaynieaiwitic tach other.  Thus, it becomes possible to suppress an

25 increase In production cost of an indoor transmitter. Further, there is no need to
synchronize clock times of a plurality of indoor transmitters, which facilitates system
management,

[0195]
Information for directly identifying an installation location of each of a plurality of

30  indoor transmitters is included in a signal to be transmitted from each of the indoor
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[ 0200] In regard to a transmtter to be installed in a specific

| ocation, the position information providing systemis achieved by
use of a transmtter capable of emtting a signal simlar to 15 a
signal to be emtted froma transmtter- mounted on a satellite for
position determ nation. Thus, it becomes possible to elimnate a need
for newy starting design of a transnmtter fromzero. [0201] In the
posi tion i nfranssitterenwhich\dlidiinege syreeé forl Calawatigdpasgionoinfommatian fbm signals
enbodi ment, a.2Qspread spectrum si.gnal_is used as a positioning .. .
ol gnal |1’ RS R Ao liBag Tt eramessgaios 4 B prptioning
power per fr YISV : %F]g with a

conventi onalsﬁg{% tag,oﬁ%;}%églegﬁlgﬁ%@{g 1P§§?§m&aﬂ@88§mu &come easi er.

Thi s makes i[#19pssible to facilitate establishment of a position
information providing system [0202] 25In the indoor transmitter

200- 1, adsetti rigrtherr arsignekrecaving gosgitiom gadbafdestifi¢dby adckiaingomn sighad reangfted
Thus, for exanple, sition identificatjon data for identifying an

| nstal | at i onORbEM PHSARIPE deETTER: wﬁ@yn?l@m pasaifle-ipyEpTe gheily achieve 2
install ati on,. i it iLhl e t LAl ' - '
process. FuPPHasH SERISR polichRRSelts’ QuitpllE i 1R g RRE el SR based
"adverti senmpoditisttdeterminatibdyistetas] UERAS@E GP. , " weat her i nformation”
and/ or 30"disaster information (e.g., earthquake information)" can be
provi ded tol@%kceiver while - 50 - being rewitten in real tine.
Thus, vafious seryices.can,. he achieved.. Additional |y, in the indoor
transm ﬁb er 2081-" 1%31‘?93%& B ?ﬁnaflﬁ‘é Hf?’@n§4@wuspéb¢cohﬂ$‘ﬁ§eaa@ﬁdﬁlﬂ the
processing Qé’lﬂr_eﬁfongl E&%Edﬁydel% aii%x??ystc-ﬁtkucs&n eh@se&%?ec@i% q Il ﬁﬁ%nﬁﬁed
used in comunicati oh schemes (nodulation schenes) in various

posi tion defemnihvdidodn taysiifes200F] rwillent atmeel forukeicattd hivdwatlephidd h [Rignal
message and the medium | D message nmakes it possible to acquire

vari ous pospiicesiingspmberhievedbyrehansing pr wdiyiag sofbvedre. s diys thezeis no need to

0203 FI RST | FI 1] ON RECEI VE | | f t fi. ti
b0 oe sor 1 S datybe & Zeraah el Tos Bt o Jh e Mesc RbuMen e 1A

15 makes it possible to suppress an increase in cost of the position information providing

apparatus 100, which facilitates popularization of the position information providing
apparatus 100. Further, it becomes possible to provide a position information providing
apparatus capable of preventing an increase in circuit size and complexity in circuit
configuration.

20 [0198]

More specifically, the memory 420 of the position information providing apparatus

100 holds the predefined PRN-IDs and the code patterns for the indoor transmitters and/or
the satellites, in associated relation. The positioﬁ information providing apparatus 100 is
operable, according to a program, to perform a processing for determining whether

25  received radic waves are emitted from the satellite or the indoor transmitter, based on the
PRN-IDs. This program is achieved by a processing unit, such as the baseband processor.
Alternatively, the position information providing apparatus 100 may be configured by
changing a circuit element for the determination to a ctrcuit element including a function to
be achieved by the program.,

30 [0199)
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10 information providi ng apparatus 100, a plurality of correlators

may be used. In this case, a processing for matching replicas with
positioning signals is perfornmed in a sinultaneous parallel Jamrer,

so that a calculation time for position information can be reduced.

[ 0204] FIG 14 is a block diagram showi ng a configuration of

t he above nodification of the 15 position information

provi di ng. appariatdiseslWhbre [H2208ikHon infolnAR8i fro@aing HppAraas 100 isdEadddHdg a
apparatus 1000 according to the nodified enbodi nent conprises: an

ant enna 101@nobilephore. guseqyitef idprmiation may de heldda kingndaiememeryt420; fvsh as

t 101Q; ., a | i lifier.1030 trical. :
he. band- paddlefh FREPR20 TREB0IeS 2 LU AVLRO8 P DRI LIHEET A idin t

connected t gnlﬁﬁ.%;l [ L L a D

el ectricall 3“ con gg%n%?t%q{aﬁgm%%%fécéﬁﬁ%érm?g%%a&g%g%ﬁ@ %Igcrnn\?é{r? e?bom
1060 el ect r itletdllgr, dennpesities! iffeniation bapited&dm fhelibdvor HOERitE Wathalpbsition
correlator 1070 conposed of a plurality of correlators and

el ect ri cal | ynfenratioateeyiding aperans DOQ srivasmisted Ip6berse stafioroskyingthel@80 The
electrically connected to the. parallel correlator 1070; ,and a
>smerory 1098 eRsiaRes b PeishdePmpAtio tpeRbies MaeEing e 6pp 6yl log
The parall el r t i re 1 -: 070Qz:
The correl athﬁg&é?t%oggeﬂreégggfl %g%'g%ﬂ%gn&g&g{)rﬁﬁfﬂrngFrogel?%thw&ét%8?‘61‘ }gs&]ﬂm
t he pr ocessaifoldiidn of thepellidr @iapba dift@yenttied husBbEhiufigat®R ahlled from a
plurality of received positioning signals with respective 30 ones of

a pl ur allt y mstbile saebpaghieved i he pamenather s Gahipdaireantonah sotifipstion ofd eajler
signal, in - Séx- si myl t aneous paral |l el manner [02071

Speci fical | y°T# ﬁ%@ggwgfﬁgﬁgep Y H&hbl e to give an instruction
for generat i[@@()? plurality of code patterns reflecting a possible

del ay occurring in a pseudo random noi se 5 code (having sequentially
del ayed code pHasgsjd ha ttahemitter to bk atstalisd of a $peeifip focatidre thepositiel mf@mation
1070. For exanple, in the existing GPS, this instruction corresponds
to the memb@FOVHHINg sxstm jspghicved by use gbatramsmiier gangplepl sautipg? pigppl similar to
noi se cqge e ccarding.to the inastructd.on . given to
each of qg hegg%eﬁﬂrgg &%%Pgﬁ%ﬁqﬁéné&r% ?rerfmgl(gerﬁo?nazt‘ %artel%%‘,& tL“!rtfgn Sgcre%l?lf‘%t}on'
correl ator HBd$) igBeremdt @sssbldtoUdlmhihdty aGlee® Gstenciady L@MHIAE ddkikh of @ Mankiitter

code phase
from zero.

[0201]

In the position information providing system 10 according to the first embodiment, a

20 'spread spectrum signal is used as a positioning signal. In transmission of the spread
spectrum signal, an electric power per frequency can be reduced.  Thus, as compared with
a conventional RF tag, management of radio wave would become easier. This makes it
possible to facilitate establishment of a position information providing system.

[0202]

25 In the indoor transmitter 200-1, a setting parameter can be chanped after installation
thereof. Thus, for example, position identification data for identifying an installation
location can be collectively rewritten after the installation, which makes it possible to
simplify an installation process. Further, among information to be trapsmitted as
messages, "advertisement data", "traffic information", "weather mformation" and/or

30 "disaster information {e.g., carthquake information)" can be provided to a receiver while
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10 using pseudo random noi se code patterns set in the satellites.
Consequently, in the entire generated code patterns, there is one
code pattern identical to a pseudo random noi se code pattern used for
nodul ati on of a received positioning signal. Therefore, the pseudo
random noi se code pattern can be instantaneously identified by use of
the parallel correlator 1070 made up of a plurality of correlators
required forbeperketittemnin Ralmadehi Tigs,IariptosRsisésngnUri Afictde @@dRionally, in
patterns. This operation can also be applied to an operation to be
per f or ned wibhindens tygashittend{0r hfignyrare iod thegiPGist Hrgr pppamig@signeloprocessing
receives a sigg al .frﬁmthe indollq]gj transmtter. In this case, even.if.
2 user of t BT HBsHTSHR EHREFhac iR BF OOrE: MO iAh P HeusFhGh  commpmnigqtion
i ndoor area, Jo bl b i : ' us

ncqui red. 20 Bau eBub PR  tn ER e RR R ph A AR iy e
can per f or musef it sortnid) pressags sndithefragdiah [IDohedshge pslely do poBIbEOM acquire
noi se code patterns set in the satellites and the pseudo random noi se
code pat t er rigrigustpopition-Frlated gy mationafremnitheriogad servas 284.si nul t aneous

par al | el mag@gd'g at its best. Further, even in cases where the

mat chi ng pr 1i ng is not performed for all of the 25 pseudo random
noi se code pat tgRSTIRD mchljﬁm@jm&]lgm@nd t he i ndoor

transmitters, in consideration of a relationship between the nunber

of correl ators Iangadehef thendeafigurationpse ddocaraitiaMminiol $2 pastlied datthe position
assigned to the satellites and the indoor transmtters, a tine

requi r ed 0f orinfaapationipsryi¢ing prHagsiusi 1900z pharalibholcgrelstorsingnbg issant Inythis case,

reduced based on t.he.si t anequs al l.el .processi ng.using the

bl i ol 1ty oft RGTERD PR IESS B Bosifon Bl SERRGH Phedtied ot drmbrmeons
t he satelli tp@ﬁﬂlé‘lﬂﬂmﬁ@@sé ﬂﬁ@@éaﬁ&ﬁa@iﬂﬁ Eﬁnfetf@lfp%sﬁ%ﬁi&féﬂﬁ%h _Eatn'BBQe(ﬁicQﬂa' S

in a spread spectrum schene, i.e., the sanme conmmm cation schene, so

t hat pseudo [BZHdom noi se code patterns belonging in the sane category

can be used as those to be assigned to the_satellites and the indoor
transmitters. TFH{s !4 ixfeblpsk dpgram showige aeonfigirationpfile thoug rogiicaiinnpfghe
si gnal fysom %Qiﬁ{?nﬂlffom*aﬁoégﬁ'dlﬂgtaﬁﬁarﬁ{}sdl0’%).S' gnal fromone of the

i ndoor transmiters to performa’recelvihg processing in a

si mul t aneougoygial | el manner without particular distinction between
the signals. [0210] Although not particularly limted to the

follow ng, in thepgsdivnt igarmatipnr pravidipg apaptesy i 1809 gacapdingata shed 00odified

JEERCHNE ARt T,
band- pass figd Shenh@3610; _tah@w—igo{s)e G l\fﬁ!{rtlgﬁ%g-l?&ﬁeal@%nﬁé&%d?@ﬁ@lﬂaﬁ&?asg filter

correlator 1070 for a signal processing between'the reception o

posi ti or0si go2d; atdewit-benvgaerel B0 devtrinklly rbmteord itonhd wheoist applifieed 080t a
a display unit (which is not illustrated in FIG 16) may be forned by
15 har dwar e,baggdpess filierol058 slesticalht copaentad te thegdavar-epnmerter ééﬂi% #h &/ sarvester

7080 accor di R RSBl gPATRCER iPue A O 0 2ab Pepe f TS

MODI FI CATI ONofabodglr ol aVEITralig0 6f 86FeRsks MRdi cdidcaet; OHeBRM o e ANS clonverter

receiver according to the present invention will be described bel ow
The second noad;fa ethcessbod 8@ riectrichlly benmdesd rto kel pamtieldcorelaor &6 yEnd a
where a nobil e phone is used as the position information providing
appar at (&8 1@eemary Q98 electrically connected to the processor 1080.

[0206]

The parallel correlator 1070 includes n correlators 1070-1 to 1070-n.  The correlators
are operable, based on a control signal output from the processor 1080, to perform a
processing of matching each of a plurality of received positioning signals with respective

30  ones of a plurality of code patterns generated to demodulate the positioning signal, in a
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Z5ATposi tion i nformation providing apparatu$ according to the second
nodi fi ed enbodi nent is obtained by nodifying software of a
conventional nobile phone. In the position information providing
apparatus according to the second nodified enbodi nent, when a short

I D message is transmtted to the | ocal server 204 as an apparatus for
provi ding informati on about an indoor transmtter, based on a nedi um

| D nessage, | 0. efi identifying a position of the position
infornationsgﬁgéﬁ%1ﬁ m%%%&?%?%é based on data - 53 - included in a
signal from[gdeg]indoor transmtter, a process of acquiring position
information is performed by comunication using a portable phone. In
the second nodiSpeaficalybtui precessor d0pd s operadbleoofo give anvintiuetiquhion geneaaiing a
al so be identifjed_based on a short ID pessage and. a nmedium D ,
message. Pl ,985?42 RsffemE reflepiing ¢ e%ﬁfﬁ@e?wsonsug@aép A Rsghdaderdom prise

as an area i [,Gh i i an em

The mobi T SSALRARE s XhBkiofP bl tod? Bnds 5 ) HES o BlR H R o 0
enbodi ment  qgyy. deop eRdnifle, an IRSASBB GHS, (S i¥B0Et R RRREANEY BohéE mefder of
exanple, even in a local region where there is a few nunber of base
stations, | satBébones? podidbllendtp cdcx praklel mndtet ewisenepda pittent foohe afked).
nobi | e phone based on a short I.D nessage and a nmedi um | D nessage.

10[ 0213] Acr-?ratrw‘éo dRTHYCHRIBITS SR e@ﬁ%‘b’?&ﬁfé’ﬁ?’,“‘ﬁs eighe p@'@#ééﬁ?l?fgat@rr1070=

process for 4pe i | 4410 i j S iti.oni

G anal s 1 roftaral LARIRSEldn Atk eE BPRLY OF SRGHCAR ARGt B phese
Thus, angopesial pSdé CundemReist QbdEshitdiAS Betdn fHRQhfeliids. @%ﬁ@g&nﬁ?ﬂn &he entire
medi um | D message are received froman indoor transmtter will be

primarily deswsriteebdt Podrnsythef@d bag code pafi¢rG.ideb¥icdldo a pskiudg randosimoise ggde

a usage state of th osi tion informatiqn provjdin rat.us
accordi ng t 87H¥R ‘@%‘gg‘ﬂ'd B 8 BT 10oRNg t | ORTSFothialSElP

provi di N9 _APRRALA! Hsjsd %o%%@%gg;baegfng%&ua OfiEnlOby T0E 7R ldﬁrallel

phone 1200 is apte receiving a positionin

signal em t tedelhktvp MO ANMARAGOST & pRALIEH bft @irelatokd reqliied ¥9?dREHrming a matching
transmtter 1210 is connected to the Internet 1220. Further, an
i nf or mat!P on PEIcessing ustedks sase patrezos. ( ddiisi opalation canpalshiee anplied tosanaperation to

in FIG 1 f i ding inf ti t the i : . .
SRAIEAC 1 R L I R A
descri pti on g thebRdfBrdearSRitRR a8 SHRPLEOevERSE a2usBl W &ld f)déitﬁaﬁl iﬁﬁ%}ﬁu&tion

| D 25 nessages and position-related i nfornmati on associated wt
respective omogligd apperatehdf isOnmesdadpes acee postjiostiafedanm deteabase be
of the information providing server 1230. Further, a base station
1240 comuni®sErRBeslyiacaiiftde nobi | e phone 1200 i s connected to the

I nter nety, 12%&081 0215]

In other words, the parallel correlator 1070 can perform the matching processing for
all of the pseudo random noise code patterns set in the satellites and the pseudo random
noise code patterns set in the indoor transmitters, in a simultaneous parallel manner, at its
best. Further, even in cases where the matching processing is not performed for all of the

25 pseudo random noise code patterns set in the satellites and the indoor transmitters, in
consideration of a relationship between the number of correlators and the numbers of
pseudo random noise code patterns assigned to the satellites and the indoor transmitters, a
time required for acquiring position information can be significantly reduced based on the
simultaneous paxallel processing using the plurality of correlators.

30 [0209)
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30Upon receiving a signal emtted fromthe indoor transmtter 1210,
t he nobil e phone 1200 acquires a short |ID nmessage and a nedium ID
nmessage fromthe received signal. Based on the nedium | D nessage, the
nobi | e phone 1200 transmits the short ID nmessage to the information
provi di ng server 1230. [0216] 5After recognizing the received short
| D message, the information providing server 1230 refers to database

associ ated wi t hyt bfs SHodified ReifRrAgE aRd sét;?_lﬁflé, i tl?@sihéléo?nfréx?s}rr@?e?@ are

i nformation associated with an ID thereof e information prov ng
server 1230 ttanamistinigtsiprialyen dapraad spetthen behsme dteq thealamt 2dMmuaitatidnivehentd) €o
base station 1240 transmts the data. After detecting incom ng of the
data, the ndbitinseysiadardonppeise sedeapataims delongiag it tisnsamy leservecanigased as
transmtter ;121 nd_infornmation, relate o.the posit.j.on sed,on_t
Fecer ved datdott dac: ool B s PRl Rerd b st RO RS HBtraR
phone 12G60. d,Gdkt6} can beWskbd idr®b ra?ﬁglfabfrgm%%gﬁ ofkfe sﬁelﬁ‘t@?%[?cgdj{(@{éﬂ RBmUne of
'l be I bed. a ocC

t he nobil e phone 1200 w esc FIG 18 i1s I agr am
showi ng a hah¢indse taamhitign tapérimef reédvengplotdssing hongmhRiouslfaralleEmanner
mobi | e phone 1200 conprises: an antenna 1308, a conmmuni cati on device
1302, a CPU withogt pagticulns distinetion boieenhe 32@s. a canera 1340, a flash
menory 1344,0 M 1346, a data ROM 1348, a nenory card drive 1380, a
voi ce- Si gnal[ cessing circuit 1370, a mcrophone 1372, a speaker

1374, a displa | i del -Eskitd devigee 6; :
dat a comn?ca%/j%lg{r?\’h%’l?:%%g 8{:lrt gcﬂﬁlkng ér(g%rtﬁéf?{@gﬁ%i I‘(i::lhﬂ’{:;ter %054&71 infStmation

el ectri cdl | yreviding apgeiatad 106D Bhetated eFIG. [ 182 1] antenna A 0$0,0tha (batidspak \itdr
by the antenna 1308 is transferred to the CPU 1310 by the
comuni cat i df2@eke w-nagpamplifier GAAL 3039, the deparcapyester 040 thedfand-passdilter

signal to t ol ce-si gnal _ pr. SSi circuyit 1370. n, the .
voi ce- si gnaﬁ%gqf’oth%g\éﬁn‘%n&rfegd%&f?‘?gﬂ? garag%i 088‘51?15)&lgwgofs%mgggtpr{:q?ésmg
signal to a h@a@é@fm@@&egﬁaﬁ%k P pOGHEHS bigﬂal ARk "eReS85 of NBrRRARASReHe
signal to the speaker 1374. The speaker 1374 1s Operable, based on
t he processadibphiyghah,a tizplaptymit (whitte és. n¢tOb8tated in FIG. [H)emag e dpfeedeby
1372 is operable to accept voice generated toward the npbile phone =
301200, land hetdvaer 2Bd 8iRpeErsieh o FpdRR dRgRiBatioRe(thyetratak Brcssiilkistreted in
the voi ce- S'ﬂ&?ﬁ)_m%?'bé performed by the processor 1080 according to a program stored in the

memory 1090,

[0211]

<SECOND MODIFICATION OF RECEIVER>

20 A second modified embodiment of the receiver according to the present invention will
be described below. The second modified embodiment will be described based on an
example where a mobile phone is used as the position information providing apparatus
100.

[0212]

25 A position information providing apparatus according to the second modified
embodiment is obtained by modifying software of a conventional mobile phone. In the
position information providing apparatus according to the second modified embodiment,
when a short ID message is transmitted to the local server 204 as an apparatus for

providing information about an indoor transmitter, based on a medium ID message, instead

30 of identifying a position of the position information providing apparatus based on data
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processing circuit 1370. The voice-signal processing circuit 1370 is
oper abl e, based on the signal, to performa predefined signal
processing for call, and send out a processed signal to the CPU 1310.
Then, the CPU 1310 is operable to convert the processed data into
transm ssion data, and send out the transm ssion data to the

conmmruni cati on device 51302. The conmuni cati on device 1302 is operable
to transmt the signal through the antenna 1308, and then the base

station 1 .9 r r 1 t ikanal, . 0 <o ThE s
Fl ash memaiiidrd SPE SR ' 6 Shidor BETARTL plolA N acquiring! Wity
1310. Revéifs@hafion tib @efiblcheli38P comnBpRapdd Bsih® ar pathbluphodal alnsther &dodd

the flash menory 1344, and 10 perform a predefined processi ng usi ng
t he dat a. nfogifedjembodineng apsitipg 46 the mabidgplade toan elspbsridentifipd Sesed en 2

th i d t ed the CPU 1310 L di 1. )
e ot onhel REEGiE Snd b g 10 BiddPhe, A RIS hialiSe 3t Tactals phorgyis
1348 pee- ' : DG, & '

oo o3 S0 gt deREhfieR o 8 ALbr M SRRATHARR hi) 10U Qth Gty B From
oper abl e tie #mebilk pHode,daé aobdile iphenePicagrdiiy thriensédoad aaldiieR@bbditiznt Gan

al l ow the nobile phone 1200 to performthe gr edet erm ned_operation.

[ 0222] Théstamring ¢ Resitidn df i the mbBde pheneaitiglt efon exampleepremin sdeliahgeedin a
menory card 1382.. 20, The card drive 1380 . er ab r ead
out it o SR 5 Ak opao thes A e eampostinlg Wit idytie a
readout d : 1 | : | SO

oper abl e %ﬁtrl%@gra Elg(fbgig \/&\ﬂ/r‘ Ite é?t%%oﬁgg?ﬁé%ﬁgﬁ &é@?@%ﬁ IP%S dat a
storagé afed3pnsured in the nenory card 1382. [0223] 25The

voi ce-signal processing circuit 1370 is operable to performa ]
processi ng f&® the seegnd|medifiese eppbediment a penfigyration Lr ngraedsd derd perfowing

The CPU 1310. he voi ce-signal . ' i reuit. 1370 b
!t ogr at elOTAGRHER | goipd o BobioR G R A p i i e Sgme B ip

based on dak amBbdiRkeht. f MM, LA &R &0 pdirlied RinRY a:’sg?ﬁ'}Di e and a
defined by the data. For example, 1n cases where the flash nerory

1344 st or eediunbB) message are received from an indeor transmitter will be primarily described
15  below.
[0214]

FIG. 17 is a.diagram showing a usage state of the position information providing
apparatus according to the second modified embodiment. The position information
providing apparatus is embodied és a mobile phone 1200. The mobile phone 1200 is

20  adapted to be capable of receiving a positioning signal emitted from an indoor transmitter
1210. The indoor transmitter 1210 is connected to the Intemet 1220.. Further, an
information providing server 1230 (equivalent 1o the local server 204 in FIG. 1) capable of
providing information about the indoor transmitter 1210 is connected to the Internet 1220.
The following description will be made on an assumption that a plurality of short ID

25 messages and position-related information associated with of 'respective ones of the short
ID messages are registered on database of the information providing server 1230. Further,
a base station 1240 communicatable with the mobile phone 1200 is connected to the
Internet 1220.

[0215]

30 Upon receiving a signal emitted from the indoor transmitter 1210, the mobile phone
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therein data (e.g., URL) for accessing the information providing
server 1230, the display unit 1350 displays the URL. [0225] The LED
1376 is adapted to achieve a predetermned light-emtting action
based on a 5 signal fromthe CPU 1310. For exanple, the LED 1376 may
be configured to be capable of indicating a plurality of colors. In
this case, the LED 1376 is operable, based on data included in a -

si gnal out pabo Eéf{i’lmsi Behs D hBdkage tadd @NMnbdilun I mékshe FoOh®feceived SIg;nal
associated with the data. [0226] 10The data conmunication | F 1378

adapt ed t o Reseskqt thamediumalfhmessage theematals! phoho t 200 dtaasmitntiva shartiD D‘nssage
The dat a comgﬁuénfcatlon |F. 1378 is 6‘,m',g);arabl e to send out a signal

out put frof? eRation providing eREr L339 ¢ attached thereto. The data
comuni catl gy F 1378 is al so operable to send out data received

t hr ough thé ca le, to the CPU 1310. [0227] 15The vibrator 1384 is

adapt edst 0 gengfsatrecoghi é%tth@@ecaive@ smremtrﬁésganeedjeflﬁﬁ%ﬁrbﬁyprb@aﬁg BFep
signal output fromthe U 1310. A fundanent al operation of the

nobi | e phori@3d24gs wolatadbakasweamiddyvitnte slmrt(im:lbgsageme ecagk ObtIpesitiomrdldted

art. Thus, .its detail ed descri ptlon will be omtted. [02281 20The
mobi | e phomRfoRgn 13Feckiid Batfpit Jesthareplosi teomiTrausmy REVItRE SFYFH 230

ant enna 1946806 A R0A! A0 3N Phad SRELLNR: DS ENTaRPRRIAR: e

1314. [022 € posItioning rec¢erving Ion
conprises i@, antiendigectt mc&r’ﬂﬁlgalfﬂfer e tHel heBille tphdi41 200 Ren ac gulre a position

down-converter 406 and the Al D converter 408, which have 25 been
descri 3éd afthedwisoneasmittes 1BE) mhnfbmmyelhtad tivithe positiont Hasedyostht reoeived
| nformatio rAajca, according a viewing operation by a user of the mobile phone 1200.

{0217}

With reference to FIG. 18, a configuration of the mobile phone 1200 will be described.

FIG. 18 is a block diagram showing a hardware configuration of the mobile phone 1200.
15 The mobile phone 1200 comprises: an antenna 1308, a communication device 1302, a CPU

1310, an operation button 1320, a camera 1340, a flash memory 1344, a RAM 1346, a data

ROM 1348, a memory card drive 1380, a voice-signal processing circuit 1370, a

microphone 1372, a speaker 1374, a display unit 1350, an LED (Light-Emitting device)

1376, a data communication IF 1378 and a vibrator 1384, which are electrically connected
20  toeach other.

[0218]

A signal received by the antenna 1308 is transferred to the CPU 1310 by the
communication device 1302, The CPU 1310 is operable o transfer the signal to the
voice-signal processing circuit 1370. Then, the voice-signal processing circuit 1370 is

25  operable to subject the signal to a predefined signal processing, and then send the
processed signal to the speaker 1374. The speaker 1374 is operable, based on the
processed signal, to output voice.

[0219]
The microphone 1372 is operable to accept voice generated toward the mobile phone

30 1200, and output a signal corresponding to the generated voice to the voice-signal
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provi di ng apparatus 100 illustrated in FIG 13. Further, the
processing in each of the baseband processor 410 and the navigation
processor 430 whi ch has been described as a processing to be achieved
by software in the position information providing apparatus 100, can
be perforned by a position-determ nation processing circuit 1312 on
the CPU 1310 30 according to a program | oaded fromthe flash nenory

1344 onto tiecelid dicedi. 1370 t THeSvoicedslgml poeking Wirakit 9870 ishpeeble] Blsad ok
section 412 may al so be configured to achieve the processing therein,
based on haheivand, to pesfoonc prddiord wignal privessing for qaHeanshsemd roat dlwpaeoessed

or ovi o ng. oAl 48 CRoDb IR | Bk AP Aol & Jpebey ae” BE Petsge dan

5[ 0230] A | e : T4l ' i :
the i nf or maforsPEyPARGS Hk el G, B v AeRREEh 0hfs GRA LSRRy Yovieq
bl ock disagriagl.shpw sgmautictidnakeice QB2 GubRidbhn toofradsht thef dmaBthir@igh the
provi di ng server 1230. For exanple, the information providi ng server
1230 may benteaha B3o8dangythen the base atatioh E40dsenseabés to ggastvee sigfab231]

As maj or hihgﬁﬁre1 the information providing server 1230 conprises: a
CPU 1410; put device including a nouse 1420 and a keyboard 1430

for accepting fp fi%gg—heng&%kr&%z.ﬁgd#%dato%ﬁé t&frei{a NGtal QLOEBRL ORPU 1310.

provi di ng server or tenporarily storing t

dat a gener sReversélase COU 131Pisapeableas e barkdapystébe ifiRbdshliPerndry da44 and
i nput 15 through the nouse 1420 or the keyboard 1430; a hard di sk
1450 stldr i ragriomes piedefinet aragessinglugivg thefdaghat a in a nonvol atil e manner;
a CDRC]\/Inm%ict D sk-Read Only Menory) drive 1460; a nonitor 1480;
and a co tion IF 1470. These hardware conponents are connected

to each ot her RARR @gm%
drive 1460. 201[%5232] ﬁAﬁglr)ig?g%pg?ngi n t%aﬁﬁ%g#%&ﬁgéﬁg}gf%%%gyﬁ%%g@ﬂ

t he i nf or nelBil@racpordivg b 0 gasel ¢peraticd3@rioanaiciphimwiatle byersttva thaod 1W20e ahe
software to be executed by the CPU 1410. The software ma

pre- st or ed Joi ROY 4B Pressigies thesan datp op p parerare for, allohingstbe %lmgﬁ‘éph@? 1880
ﬁet:lly E(ran l\gg J gQ pi:r?orﬁ‘;[ £ {ar%getglgﬁﬁéaeopg%ﬁw ’ﬂh%qulﬁ) "3 Q%‘i)erggl% %o 18 %ed(ia?agor the
program from the data ROM 1348 to allow the mobile phone 1200 to perform the
predetermined operation.
[0222]
The memory card drive 1380 is adapted to accept a loading of a memory card 1382.

20 The memory card drive 1380 is operable to read out data stored in the loaded memory card
1382, and send out the readout data to the CPU 1310. The memory card drive 1380 is
also operable to reversely write data output by the CPU 1310, in a data storage area
ensured in the memory card 1382.

[0223]

25 The voice-signal processing circuit 1370 is operable to perform a processing for a
signal to be used for the call as mentioned above. The CPU 1310 and the voice-signal
processing circuit 1370 may be integrated together.

[0224]
The display unit 1350 is adapted, based on data output from the CPU 1310, to display

30  animage defined by the data. For example, in cases where the flash memory 1344 stores
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25 commerci al |l y-avai |l abl e program product. Alternatively, the
software may be a type which is provided as a downl oadabl e program
product by an information provider connected to the Internet. The
software is read out fromthe data recordi ng nedi umby the CD ROM
drive 1460 or other data reading device, or downl oaded via the
comuni cation |IF 1470, and tenporarily stored in the hard di sk 1450.
Then, the siértivalaer @¢., I SREPRE acdatsify teniifbendtian eraliidike 1460 1030, the dishlay
1410, and stored in the RAM 1440 in the formof an executable
program THeiid3p0 disnleystbe BiBér abl e t o execute the program [0233]

The har dwars@ ‘,&é the conputer system achieving the information

provi di ng F r 1230, illustrated in FIG 19, is a conmonly-used
type. Thus, it gang i i ’ : :

i nformation pr](;vi di?SBgismggéﬂfggggflﬁe‘%@gecon eﬁo@%ﬁ?’@@’%ﬁgﬂ} l?raé%df Orf%
sof twar & stsignabifrém tlidh@€PTRABM 0L 4405 extangld) dted EID $XK76lA50be ¢dpdighred RODE deptifle
or other data recording nedium or_ software downl oadable via a

net wor k. ArPfapsbeasing e plwelity 196 celasdwhix thisehse, fie Iddapaitels opewbler hasedomaata

known. Thus, ,i .detailed descripti i1l be omtted. 1Q[ 0234 :
The r ecor o RN grveoe sRtirom P S 2,1 e tocnRBRA e Sty e wit
di sk 1450, ug.sray be a nmedi um capabl e of fixedly carrying a program
such as a nmagnetic tape, a cassette tape, an optical disk (MO
(Magnetic Qpriagtal Disk/MD (Mni Disk)/DVD (Digital Versatile Disk)),
an IC (Integrated Crcuit) card (including a nenory card), an optical
15 cardil or a BiendatoeerasugeationdBriy7$ icadapied o acosnbin mvhment aEERRON for

and a flash 023 used herein term ' program is.no
1 fed to R B R hs SEPRERoByE ARG S0tk RS Sha out < s
includes a (@Y GInPHRATAMNBYR o e CAPLRSRRCMBA0" 8k @At umication IF
encrypted program 20 [0236] The short 1D nmessages and the

posi ti on-r €l33@8 ischlsorviperabiatto samdagcdatd ratadbdvhiohglt the caiiqnd the OPekd ages
are registered on the hard di sk 1450, as nentioned above. [9237] As
above, in t[ﬁ%”ﬂ)osi tion information providing systemaccording to the

second 15 The vibrator 1384 is adapted to generate vibration at a predetermined frequency based

on a signal output from the CPU 1310. A fundamental operation of the mobile phone
1200 would be easily understood by those skilled in the art. Thus, its detailed description
will be omitted.
-{0228]
20 The mobile phone 1200 further comprises a positioning signal-receiving antenna 1316
and a positioning signal-receiving front-end section 1314.
[0229]
The positioning signal-receiving front-end section 1314 comprises the antenna 402,
the RF front circuit 404, the down-converter 406 and the A/D converter 408, which have
25  been described as components to be achieved by hardware in the position information
providing apparatus 100 illustrated in FIG. 13. Further, the processing in each of the
baseband processor 410 and the navigation processor 430 which has been described as a
processing to be achieved by software in the position information providing apparatus 100,
can be performed by a position-determination processing circuit 1312 on the CPU 1310

30  according to a program loaded from the flash memory 1344 onto the RAM 1346. In this
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25 nodi fied enbodi nent, a signal emtted froman indoor transmtter
installed on or under the ground includes data about a short ID
nmessage and a nedi um | D nessage, depending on situations. This data
is stored in a server apparatus for providing position information of
the indoor transmtter, in a rmanner associated with position-rel ated
i nformation. The nobil e phone 1200 functioning as a position

i nf or mat i orcopfig@ivitidh i apypelital seatidn 4UPsiihyt sls@bSEbnSigaret td Rrhigvs Frgeodddsing
the server apparatus to acquire position information of the indoor

t r ansni t t erthesgin; bepeskonehardyyare. dnstaad @f saftwarg o Juethernthe same barfwarg end software
transmtter. The use of thisinformt.ion providi. techniq kes it
poss: bl o ¢ GOMERHAL & Gotrcnahd iR pRrRE B L i Ts PR S et o
i ndoor transgi by the indoor transmtter itself, and
t herefore ?3?. {%I?éa%éelg)c%erlfg?él%dan installation position of an indoor

transm tt erf023] 0238] <MODI FI CATI ON OF SI GNAL SPECI FI CATI ONS OF | MES
S| GNAL> Al t hough the I MES signal specifications have been o
descri bed wi t Witkfrafewaeeta §1G| 5. a specicigonligwationiof dhf HEOIMMES rayiding

speci fications al, be enpl py [Q239] 10The.follown

descri pti off™WFy Iﬁ%oe "ﬁﬁglée §P§°ﬁﬁ?£| sﬂgbo t lsal“délf“%ﬁ%%é%ﬁaé“ lfg?v(@gna hardware
respective .sj : he b 3add : LEd I i .

| MES si gnalc5 escrnlogg)gq%&connagigl?ipgélwvm gﬁ&‘&%ﬂegﬂ OBNF((% ?L’{Zagﬂj 05%8?&%%011
i) Struct umpeoviding fenen 230mid bhachiivedildt 4 ¢dnyedfonblndaputePOsicti. on

I nformation (Prevention 15 of Erroneous Synchronization) and Ensuring
H gh RN a?33l{y of Indoor Position Information (Prevention of

Err oneous Cap':{&l a counter

i ng & i vertbior Bgue: e JERemaieR gy Seer | 80 ReRBliaGt oR Ukl
word exceplydphtadiied iMNidnd 8 Bodse a0 ARG Rey®oMBt 498! B alBpting an input
incremented every tinme each word is transmtted Wien the count” val de
i s count ed ingorutted BO4 ider of the irnformmition provjsiiuwgdeinen 12d00 b Radv 1 &40 far teaghofatiym
000. storing therein data generated based on a program executed by the CPU 1410 or data input
15  through the mouse 1420 or the keyboard 1430; a hard disk 1450 storing therein a large
volume of data in a nonvolatile manner; a CD-ROM (Compact Disk-Read Only Memory)
drive 1460; a monitor 1480; and a conununication IF 1470. These hardware components
are connected to each other by a data bus. A CD-ROM 1462 is attached to the CD-ROM
drive 1460,
20 [0232]

A processing in the computer system achieving the information providing server 1230
is achieved by the hardware and software to be executed by the CPU 1410, The software
may be pre-stored in the hard disk 1450. Alternatively, the software may be a type which
is stored in the CD-ROM 1462 or other data recording medium as a

25  commercially-available program product. Alternatively, the software may be a type
which is provided as a downloadable program product by an information provider
connected to the Interet. The software is read out from the data recording medium by
the CD-ROM drive 1460 or other data reading device, or downloaded via the
communication IF 1470, and temporarily stored in the hard disk 1450. Then, the software

30 isread out from the hard disk 1450 by the CPU 1410, and stored in the RAM 1440 in the

- 58 -



[fO2A41]—==Apteanble=of~an-indoor-transmt t'er 1wessage i ncluded in
the leading word is set to a value different fromthat of a preanble
of a GPS or QZSS signal. [0242] 25The above different preanbl es nake
it possible to quickly recognize erroneous capture. Further, the -
count-up operation nakes it possible to elimnate a situation where a
given rel ati onship between a preanble and a parity at a rail end of a

word becones conti ngen sati sfied psition other than a proper
posi tion arfd™hfiqn & ?B'é%’k%ﬁp?a@ppgg‘? pggrﬁl[ﬁ)ﬁloﬂ’% I Qpteswe the REMof  a
frame to e bﬁgbish frame synchroni zati on so as to prevent 30
erroneous §OSI ion information frombeing output. - 60 - [0243]

| ndoor / Qut doorTHedigsdwdre @R tth® BorgerSiystetnagehieh e SafotAgioaf praﬁai@'%\/seh}:r
Const ant search/ capture/tracki ng of indoor and outdoor signhals by a

mul ti corr dR3af,oflustrairdsin BIG.alYeis |0 eammonlpiseippyae.at Thusy doeanr b gaipdhasra
savi ng, _such as .a nobil hone. 5 Thus,. it is desirable to, in apn

i ndoor ar ea??b%"é’&?]cﬁa%n‘?fit ipfngtpn FGHARE SR TR0 ot dRioRd dpesified
search a s | [ ' ' : h

ndoor oi guarouileft & spRRe Mo PRt RANTLIA, By SAHPASE R vl Tn RDM 1460
i dentifi cator@thef84th 8écofdi®Omediuin)6:05ofOEAL BvnldadableRasagewedk. aAniopsain
signal. Wien an indoor transmtter is installed in an outdoor area or
in a cell thpehardmpareof g choaputeametyork frewell powis SBstits detailed Mescription
receiver is. %erabl , When the 10flag is "1", to start a code search
f or capturi"ﬁg £ door satellite signal, and, when the flag is "0",
to ternjgnatgy ﬁle code search for capturing an outdoor satellite

si gnal . [054 The outdoor/indoor identification-assist flag wll

be nore speci fikeatdoydide smdivaed doelimived fkothe ©TRROIMN 1462 et hhid-diskerhso,
GPS recei ver mounted on a nobil e phone has 15 eight channels, so
that it is bebpapbe agnedimerpablredfiisiedlycapyingianrypetenie Kichgs & hgnetic tape, a

oLl ¢ S ok PAE B RSBl Mo i
searches f aferGARI k) Jars &t irhddkRed CHBM) Sard BRARing 2 memory card), an optical
15  card, or a semiconductor memory including a mask ROM, an EEPROM and a flash ROM.

[0235]

As used herein, the term "program” is not limited to a program executable directly by
the CPU 1410, but includes a source program type, a compressed program, and an
encrypted program.

20 [0236]
The short ID messages and the position-related information associated with the short
ID messages are registered on the hard disk 1450, as mentioned above.
[0237]
As above, in the position information providing system according to the second
25 modified embodiment, a signal emitted from an indoor transmitter installed on or under the
ground mcludes data about a short ID message and 2 medium ID message, depending on
situations. This data is stored in a server apparatus for providing position information of
the indoor transmifter, in a ymanner associated with position-related information. The
mobile phone IZOC functioning as a position information providing apparatus transmits a

30  short ID message to the server apparatus to acquire position information of the indoor
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As a prerequisite to reducing a tinme for acquisition of position
information during 20 novenent between indoor and outdoor areas, it
IS necessary to constantly search a first positioning signal froma
satellite and a second positioning signal froman indoor transmtter.
[0246] In this normal state, for exanple, a given percentage (e.g.,
20% in the above 25 8-channel receiver, it corresponds to two
channel s) atankhiRtef & h&rRAERINSrelafedtB @ Poskieh € theRRddoP kb stif@ar The BrsTdhis
on PRN codes assigned to indoor transmtters, and the renaining

per cent age iplmatjongeggdingitechréquenakes iteessitieto elintinaior needgorrllowing posikion

oot Gned { IPSPRIT Re 'H190h FRRGOYHe b 08 EHE) dPe GRS TAIFFS el and
per or 1od_ aheife ARAKE RELASILANSIAOR phlfod Qe BBl 250N

When t he second posi I gnal can“be capture position
i nf or matsi orjpg3w) be i mrediately output from position informtion
obtained froma nessage in the second positioning signal. Thus, it is

desirabl e to coMOIMRIOATIONI@I PN AR SPEEEIESIIONSHT IMES SIGHlor
transmtter usi ut %.0f the correlatqrs. If .the search bas

o the PRY 5 AQHuErge borepdGaons bt desrabel bR RS TSy
per formed, f @\%,ﬂ% ! i ves to an

i ndoor ar eastlgﬁ%’ I;BJ%LE eco @%S;%%%aﬁs’%?@%%%&g g‘g%&%’g’f’gﬁ gggeq?ve GPS
signal s, thez®garch based on the PRN codes assigned to indoor

transmtters is started only after the search for. capturing satellite
si gnal sili s seqUienfalleming desctiptionedvilinte tnhade primardy dabout i diddrenttatbeGrReN

signal s cannot be adequat.ely. received. beforeg 10 ing the .
ShUTT To. aHEeiE BB ioro § FPGERRTEN TAPeCA BUDURS el deribed
transm tterinc&gé&gdn%m(}gi_gﬂp@ fromsatellites are received to

perform position determnation, so that position information having a
| ar ge error[024)jout put due to influences of nultipath and reflected
waves. [0248) 15Further,_in order to qui ckl%écapture satellite

si gnal s when d) §gustugdoeinspripgdligh Reliabidity ef ladoard osition nfergention (Rraventipn

IS nec ar o perfaogrmithe search f sat el).i.t i | s -based PRN
codes 1oom FhERglPkt | HRRLOSARTY G Epediel kel e, 2 RARSRRTOR
codes assi gRRENARNI(PROQHoh bPARSFALLE S ptuke this case, it is desirable
to increase a percentage of correlators performng the search based
on PRN codes dsshgnedifted IMEfosignaly amemitert et bavikpa gevearhil kpgtBOe g4 ailsbit
preferable that .20% of the correlators are used .for_the search based

on PRN codd€P&ibdt giogided & eaenayqrd cxcephadeads, SR Ens ande Spantaple is
used T or th&ﬁﬁg@%&ﬁg{ﬁﬂe On R BAESmARE! 90 I colEQBue is counted up to

transmtters. wever, In a battery-powered positi
i nf or megoi on 1pytaY Edlint@p agrRaicatwlH bs eaturas fidm 000.
(0241]
A preamble of an indoor-transmitter message included in the leading word is set to a
value different from that of a preambile of a GPS or QZSS signal.
[0242]
25 The above different preambles make it possible to quickly recognize erroneous
capture. Further, the count-up operation makes it possible to eliminate a situation where a
given relationship between a preamble and a parity at a rail end of a word becomes
contingently satisfied at a position other than a proper position and will repeatedly appear,

and reliably detect a head of a frame to establish frame synchronization so as to prevent

30  erroneous position information from being output.
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25 nobil e phone, it is inefficient to constantly performthe search
and the signal capture/tracking using the entire correlators. If it
can be known that a user is surely in an indoor area, the nunber of
correlators performng the search can be reduced to cut power
consunption. For exanple, even if only about 20% of the correlators
Is activated, i.e., the search for an indoor transmtter is perforned
using only @4sjt two channels in the above 30 8-channel receiver,
position informati on can be acquired in an indoor area within a

shorter - 62 -i)lpéeqar&ntdror Idenificatiomdgsistding (Bewerifvinged Becaiverst r ess,
whi | e suppressj.ng, consunption of .a battery. [0250] Th fore, the
Ut door || hdoor i b HRap ik Saske OF dPa ind PRk ey By G Rt
in a5 sigmn R ASH ' |
the BD bi ¢ TE5e? Mgt 1GRSLA Seheb B Rer bAE Mot & & AR Hhfne
i n a boundalhusyi idesiratdeto, fDarcisdde tavea pseatch dABT ancifdo o igdal) ind e &5 outddtd
to "0" for an indoor transmitter |ocated in the renai nigg regi on of

t he i ndoor % acardxasatellite|sizmal whils perfarming dsode sparch)for fromBaqr sigdThusing at
recei ver is, adapte e BD bit is ."1", to start.the search for
out door po:IF?SEBE‘? fi %ng‘l L‘?’ﬁaﬂ?ﬁoomgﬂort‘ﬂ@tﬁﬁatl:ﬂnfas?lét flag.1s IP‘EPrPOTate‘E In a
termnate t : y t ORES L B b ' .
need for ef ié‘s(sfgg?ﬁ y’“rdgg'tfz%“ﬁjg' tﬁ% éther y %Ogﬁgﬁdﬁﬁlﬁéhggﬁ%ﬁéﬁ Iﬁé‘ég&?gﬂrrq‘lea oF
reduci ng a ihianell bederingeth duddoog@alithd flago s@fio POSI W eEeivaR DS gFRbie)When the
during novenment between indoor and outdoor areas. 15]0252] (Signal
Speci fi tht i Ipsds 61", tavetart i epdalsyarch for papfmiingcan pusdast safeMigrisignabaingd; whesl the

L0 e 2SR Lo DRt A STt 200 A U | VS
[0244)
The outdoor/indoor identification-assist flag will be more specifically described .
below. For example, a commonly-used GPS receiver mounted on a mobile phone has
15  eight channels, so that it is capable of simultaneously capturing/iracking eight satellites.
Generally, in such a receiver, a plurality of correlators are employed to reduce a time
required for frequency and code searches for capturing satellite signals.
[0245]
As a prerequisite to reducing a time for acquisition of position information during
20  movement between indoor and outdoor areas, it is necessary to constantly search a first
positioning signal from a satellite and a second positioning signal from an indoor
transmitter.
[0246]
In this normal state, for example, a given percentage (e.g., 20%; in the above
25  8-channel receiver, it corresponds to two chamnels) of the correlators in the receiver
perform a search based an PRN codes assigned to indoor transmitters, and the remaining
percentage (e.g., 80%; in the above receiver, it corresponds to six channels)) of the
correlators perform a search based on PRN codes assigned to satellites.
[0247]

30 The searches are constantly performed at the above percentages for the following
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[ 0253] 20The nodified I MES signal has an RF characteristic
corresponding to that of a positioning signal froma satellite (e.g.,
an Li-band C A code of the GPS or QZSS). Wiile the nodified | MES
signal is the sane as the satellite positioning signal in that a
structure of a navigation nessage has a 30-bit word as a basic unit,
it has a delimted short frame structure to provide a shorter TTRM
Thi s point irgasbiie WhitEth@scchbiEpsitbaly stmalea bk icemtitedosiion iATBrddMB® can be
signal described in connection with FIGS, 5 to 12. [0254] Thus,
(1) RF Char asmedipiely eutpw frome posifien arformationdebiaingdoBomab veesagarin thet sscond

d i pti i.l.l .b i, tted. Th | | owi d i pt.i ill, b
Sbout 5 oo PHUEOTIRG ARB e T £ 15 (dsEbe htbr i SRR cade PGk g a0
63 - (3-1) -h‘ﬂ%p%r%sﬁﬁ‘@éﬂﬂsgﬂgla‘bout% WP &RRRkaR! S IF?hetnggrcﬁ %g%d%rﬂe PFllq\I

| ength as that of the sat Ite positioning signa birts.

cases Whér e cofs assigrtbd ao higlost BarBinitRes Riros compatWeEdornde, thel &sllogdnddiituation
data, a 3-bit word counter, and a 6-bit parity. 5[0256] (3-2) Wrd
Count er ofRiEh \Whan, a wser apvesatol asaidileny amsr andi ih becomes iraposkidls ta adeudtely

cvery L e SERENEBREEEls, i Seh gt of BEURY R oI adBE RN g &
2ol sts an CHAry iy el Syt for Py HORAA el fs sod MDY frrfoRHpL B
assi st the itldaniii§ iderfrhiaed @at tARS eighdlnch@ios bet AiRqtdly treddBicl. COMI BEfore

is configured such that it does not take the same value as that of
t he hi gh8r - srading the ift t asquisifien pf pasitton énfoimasion of an KKkpgrdransmeitiorm pesitioning

15[ 0258 . (3- Parit.y Cod d, (2-4). Parity Al i.th d,Parit
LS e e e
the I VES si giigimdi6s $atiRed ke GHRPSEbEBR Me! @) Hhceof Aultpath and reflected

waves.

[0248]

15 Further, in order to quickly capture satellite signals when a user moves from an indoor
area 10 an outdoor area, it is necessary to perform the search for satellite signals based on
PRN codes from the satellites, in addition to the search based on PRN codes assigned to
indoor transmitters. In this case, it is desirable to increase a percentage of correlators
performing the search based on PRN codes assigned to indoor transmitters. For example,
20 it is preferable that 20% of the correlators are used for the search based on PRN codes
assigned to satellite, and 80% of the correlators are nsed for the search based on PRN
codes assigned to indoor transmitters.
[0249]
However, in a battery-powered position information providing apparatus such as a
25 mobile phone, it is inefficient to constantly perform the search and the signal
capture/tracking using the entire correlators. If it can be known that a user is surely in an
indoor area, the number of correlators performing the search can be reduced to cut power
consumption. For example, even if only about 20% of the correlators is activated, i.e., the
search for an indoor transmitter is performed using only about two channels in the above

30 8-chanmel receiver, position information can be acquired in an indoor area within a shorter
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[ 0259] 20(3-4) Frane Structure FIG 20 is a diagramshow ng a

frame structure of the nodified I MES signal. [0260] One frane
consists of an integral nultiplication of the word, and has the
following format. The frame having the illustrated structure is
transmtted sequentially and 25repeatedly. [0261] In the 1st

word, there is a preanble having a given bit length, e.g., an 8-bit

| ength, andpehiei pf Bmebliehons sibpdctionadisbrytoastiers SegR- duppressidg édMsidhption of a
having a given bit length, e.g., a 3-bit length. Except the 3-bit
word count ebaft®y.each word except the | eading word in the 30 frane,

and the 6-bi6,)- grity in each word, all the remaining bits are data
bits. - 64 -[“Sp 262] FIG 20 illustrates a case where one frane

consi sts of onernsile, (BOSRRIor/HRSE WRRaRRS sk ATR" E@Ig?ﬁt?ﬁ%n& dr¥d in a

wor ds, and yet another case where one frane consi St ree rds.
5[ 0263] 5 sihiiho betradsadttetofionh ke thdbdfBnsmigeg whereihthe BUabis [Fisti @ d 1 fo Bhe
each of the indoor transmtters 200-1 to 200-6 is standardi zed with

t he satel | i 08 o gidperomnsgittrlestted in & bouadargwhengoser movesdretivasn indoor gnd
different fromthe satellite_positioning signal in terns of the,
nurber of wSRHRORARNEPL DA diHedT ikt e imge adiind Hiopyd the
modi fied | S & GRSk sn Rfio@ aRlayiral ity of words wherein the
nunmber of t eovvor selxgs&ress than t %t ofa words included in one frame
of the satell®dsie positioning signal. [0264] (3-5) Preanble

The 8-bit preanble provided in a |eadi n% end of the 1st word in each
frame hd8 a 15gihgencaier ipademieds when the BD bit is "1", to start the search for outdoor

positioning signals, and, when the BD bit is "0", to terminate the search. Thus, it
becomes possible to satisfy both a need for efficiently reducing battery consumption and a
need for reducing a time required for acquisition of position information during movement
between indoor and outdoor areas.

15 [0252]

' (Signal Specifications of IMES signal)

A structure of a modified signal to be transmitted from the indoor transmitter 200-1
(modified IMES signal) will be more specifically described below.

[0253]

20 The modified IMES signal has an RF characteristic corresponding to that of a
positioning signal from a satellite (e.g., an L1-band C/A code of the GPS or QZSS).
While the modified IMES signal is the same as the satellite positioning signal in that a
structuze of a navigation message has a 30-bit word as a basic unit, it has a delimited short
frame structure to provide a shorter TTRM. This point is the same as the signal

25  specifications of the IMES signal described in connection with FIGS. 5to 12.

[0254]

Thus, (1) RF Characteristic is the same as that described above, and its description
will be omitted. The following description will be made about a message characteristic.
[0255]

30 (3) Message Characteristic
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[0265] This preanble assists the identification of the frane
delimter. Differently froma bit pattern of a preanble of the
satellite positioning signal, the bit pattern of the preanble of

the nodified I MES signal is configured to allow the nodified | MPS
signal to be 20 distinguished fromthe satellite positioning signal

of the UPS or QZSS. [0266] (3-7) Message-Type ID (MD) The 3-bit
nmessage-type | B-fMvild pfRuigled after the preamble of the 1st word in
each franme indicates a frame length and a content of a frane

i ncl udi ng the Qs wood donsBE[ @287 §ame word lengtipesrthaionf thesardlitn pesitalingesigrfal,

the MD and a frape | ength/content nthe |f|ed| nal
the same aseEndbBity| ePebac PR wrécoeﬂstf[ tS(@eewﬁ mels%ﬁ%ﬂrbl data, 2
Massage 306\%}& "%%&ZO&{P‘??SE’?‘Q%‘STM;&FBP "000": Position Information 1 -

65 - agetyp is 110001!, the frame length is 3
words, amnd [gresframe content is position information. [0269] FIG 21
Is a diagram showing a frame structure of the nodified | MES signal
when the 5 nas&hgeWbsd@ounRri s 1100011. FIG 22 is a table showi ng
respective exapples of data contents_in_ the frame, correspondin

val ues of a bi £a%eNefihexarRt adeadingevard ina frame. dias f okheouner.) | Thed@Ga 245 of

range to b ethg)ﬁﬁ)d’ogisﬁﬁﬁnnﬁer 200-1 is operable, every time each word is transmitted, to increment
a value of the word counter by a given value, ¢.g., by one.
10 [0257]

The word counter assists an identification of word and frame delimiters. In order to
assist the identification of the delimiters, the 3-bit word counter is configured such that it
does not take the same value as that of the higher-order 3 bits of the preamble, i.e., it skips
the value. '

15 [0258]

(3-3) Parity Code and (2-4) Parity Algorithm and Parity Check Algorithm are the
same as those in the signal specifications of the IMES signal described in connection with
FIGS. 5 to 12 '

(0259}
20 {3-4) Frame Structure

FIG. 20 is a diagram showing a frame structure of the modified IMES signal.
[0260] '

One frame consists of an integral mulfiplication of the word, and has the following
format. The frame having the illustrated structure is transmifted sequentially and

25  repeatedly.
[0261)]

In the 1st word, there is a preamble having a given bit length, e.g., an 8-bit length, and
the preamble is followed by a message-type ID (MID} having a given bit lenigth, e.g., a
3-bit length. Except the 3-bit word counter in each word except the leading word in the

30  frame, and the 6-bit pasity in each word, all the remaining bits are data bits.
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[ 0270] Wth reference to FIGS. 21 and 22, contents thereof

wi |l be described bel ow. 10i) Floor Nunber The 12th to 19th bits
of the 1st word represent a floor nunber of a building where the

i ndoor transmtter is installed, and a unit thereof is "n-th". [0271]
This value has a bit length of 8 bits, and no code. The LSB i ndi cates
the 1st floor. 15 An offset of- 50th floor is set, and a range of-
50th floor toeeR]204th floor is expressed. [0272] ii) Latitude The
1st to 21st bits of the 2nd word are arranged on the side of an NMSB
(Most  Si gni fi cdif. B iljustrates & Fasg 3vheiet ane disumeg) qvnsisty pf aeriverg, ermhep gass vaiee:

21st bits of the 1st rd.to 20t.he 21 bitg represent a latitude of

Che. i ndoor CPARETFEPEISY S o, oo et el SR SEReer fthgongpise OF thre
Thi s val ue g code. The LSB is in the range of 180/1023 [degree)

to 0.000021 [degree], which represents - 90 degrees to + 90 degrees.
It is eqBivddaay to about 2.4 min a north-south direction. 25[0274]
Longi t ude The 1st to 21st bits of the 3rd word are arranged on

the side of an ABENET dheamodifiedi IMES Isiganinted bbiransititied fove eachh@f tihe Iuiohr
AR NI ERE T T RE S LG RN RN e
TS sabsc, 14pu8 60, ThuoBmd e R B Al e
degrees. |t of svoedjuniddhenp dne faR@lt SgecHidally No@nfraas bf Wesihodifie® VMBS sigial
the equaﬁ)or 'cmgs(i)s%s?c?f] a plurality of words wherein the number of the words is less than that of words
included in one frame of the satellite positioning signal.
[0264]
_ (3-5) Preamble
The 8-bit preamble provided in a leading end of the 1st word in each frame has a
15  given bit pattern.
[0265]

This preamble assists the identification of the frame delimiter. Differently from a bit
pattern of a preamble of the satellite positioning signal, the bit pattern of the preamble of
the modified IMES signal is configured to allow the modified IMES signal to be

20  distinguished from the satellite positioning signal of the GPS or QZSS.
[0266]

(3-7) Message-Type ID (MID)

The 3-bit message-type ID (MID) provided after the preamble of the 1st word in each
frame indicates a frame length and a content of a frame including the 1st word.

25 [0267]
A comparison between a value of the MID and a frame length/content in the modified
IMES signal are the same as those iliustrated in FIG. 6.
{0268}
(3-6-1) Content of Massage
30 . (3-6-1-1) Massage-Type ID "000": Position Information 1
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5(3-6-1-2) Massage-Type ID "001": Position Information 2 When t he
massage-type IDis "001", the frane length is 4 words, and the frane
content is position information. [0277] FIG 23 is a diagram
showi ng a frame structure when the massage-type IDis "001", 10FI G
24 is a table show ng respective exanples of data contents in the
frame, corresponding values of a bit length and an LSB, and a range
to be expressedWhéDthéGhadideltypei@rienom® ) theFdae leAgthaldB Rérdsc emd €t Bame
thereof will be described below i) Floor Nunmber 15The 12th to 20th
bits of the costentippasitioapnieneaitona f| oor number of a building where the
i ndoor traniggbier is installed, and a unit thereof is "n-th". [0279]
Thi s val ue bit length of 9 bits, and no code. The LSB i ndi cates

the 0.5-th flogng fﬁis%;d{i%%m Eﬁo‘wiﬁﬁ Rarht gﬁfc%gf 8%%%?0?%(1%% alQfhen the

50th floor to + 205th I'S expresse Latit ude

The 4th 50 2ddskagbitips IDfis 1000".2nd1GORY jare tadbte sigens eesptdtive Sixd@ples ofndata
MSB. Total 24 bits obtained by adding the 18th to 20th bits of the
4th word t o copfents in #p frameepnreespanding valves ofielbit dngthhand; andedy (Least Significant
transmtter,,.and . a unit thereof is "degree". 25[0281] Thi s val ue
has a code. P8BS 19 be PRESSsnge of 180/ 1024 [degree] to 0.000011
[ degree], V\m]ﬁ@ represents - 90 degrees to + 90 degrees. It is

equi val ent to ag)out 1.2 min a north-south direction.

With reference to FIGS. 21 and 22, contents thereof will be described below.
10 i) Floor Number
The 12th to 19th bits of the 1st word represent a floor number of a building where the
indoor fransmitter is installed, and a unit thereof is "n-th".
[0271]
This value has a bit length of 8 bits, and no code. The LSB indicates the 1st floor.
15  An offset of — 50th floor is set, and a range of — 50th floor to + 204th floor is expressed.
[0272]
ii} Latitude
The 1st to 21st bits of the 2nd word are arranged on the side of an MSB (Most
Significant Bit). Total 23 bits obtained by adding the 20th and 21st bits of the 1st word to
20 the 21 bits represent a latitude of the indoor transmitter, and a unit thereof is "degree”,
[0273)
This value has a code. The LSB is in the range of 180/10% [degree] to 0.000021
[degree], which represents — 90 degrees to + 90 degrees. It is equivalent to about 2.4 m in
a north-south direction,
25 [0274]
iil) Longitude
The 1st to 21st bits of the 3rd word are arranged on the side of an MSB. Total 24
bits obtained by adding the 22nd to 24th bits of the 1st word to the 21 bits represent a
longitude of the indoor transmitter, and a unit thereof is "degree".

30 [0275]
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02821 Songrtude T The At h to™24t H bits of "the 3rd word are
arranged on the side of an MSB. Total 25 bits obtained by adding the
21st to 24th bits of the 4th word to the 21 bits represent a

| ongi tude of the indoor transmtter, and a unit thereof is "degree".

[0283] 5This value has a code. The LSB is in the range of 360/1025

[ degree] to 0.000011 [degree], which represents - 180 degrees to +

180 degrees. | tr; ' t t. 0]

direction on thghiaﬁg?g& F‘g&f84?h?v B,&Fsc?tﬁjl?d%n%%ﬁ%o?@? [dggl%gttﬁ %9(%0921
of the 4111 [deret] widtlerpRbend- B0 degtedetoof 180 R giansl 0t isteh@nalBnttid Sout 286
aunit thereof is "m(meter)". [0285] Thi s val ue has no code. The
LSB i ndi cat ésap past-wastoireeiion opfthe eBate.i s set, and a range of- 95 mto
+ 4000 mis Smiessed. 15[ 0286] (3-6-1-3) Massage-Type ID "01 1 ":
Short 1D [ n the massage-type IDis "011", the frame length is 1
word, and the fEaeIPORLERTIR 1B BOP: boliRul bRShmi4P2E7] 20FIG 25 i
a diagram showing a frane structure when the nassage-type IDis

"011". When the massage-type ID is "001", the frame length is 4 words, and the frame

content is position information.
[0277]
FIG. 23 is a diagram showing a frame structure when the massage-type ID is "001".
10 FIG. 24 is a table showing respective examples of data contents in the frame,
corresponding values of a bit length and an LSB, and a range to be expressed.
[0278]
With reference to FIGS. 23 and 24, contents thereof will be described below.
1) Floor Number
15 The 12th to 20th bits of the 1st word represent a floor number of a building where the
indoor transmitter is installed, and a unit thereof is "n-th".
02791
This value has a bit length of 9 bits, and no code. The LSB indicates the 0.5-th floor,
An offset of — 50th floor is set, and a range of — 50th floor to -+ 205th floor is expressed.
20 [0280] '
i) Latitude
The 4th to 24th bits of the 2nd word are arranged on the side of an MSB. Total 24
bits obtained by adding the 18th to 20th bits of the 4th word fo the 21 bits represent a
latitude of the indoor transmitter, and a nnit thereof is "degree”.
25 [0281]
This value has a code. The LSB is in the range of 180/10** [degree] to 0.000011
[degree], which represents — 90 degrees to + 90 degrees. It is equivalent to about 1.2 min
‘a north-south direction.
[0282]
30 ii1) Longitude
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In a frame corresponding to the short ID, a 12-bit short ID nessage
is transmtted. This frame includes the "outdoor/indoor
identification-assist flag" (BD bit). [0288] A content and
use of the short I D nessage are the sane as those of the II\4ES
signal 15described in connation with FIG 11. [0289] (3-6-1-4)
Massage- Type I D "100": Medium I D When the nmassage-type IDis
"100", the fr aive dthepdidth biss of thoBdsyorantk irhagéd anthechletcah MSB.a Taali 25m
ID (IDm. 30[0290] FIG, 26 is a diagramshow ng a frame_structure
when the nhidseljeined, b afding she'Aigbto 24th bty 9f shef 4thveord de thesPlohidy regresent a

t he nedium| - hi dium | D nessage and ,a 21-bit medium I D
nessage a%@%ﬁ%?#ﬁetlﬁ®oﬁﬁsyqqawggﬁgg"el“??gIlsugs%re? he "out door/i ndoor
i dentifi ca[(jzg assist flag" (BD bit). 5[0291] A content and use
of the mediumi1D nessage are the same as those of the I MES signal
descri bgd i n Ghiznahiedms i doke.F|I The ISB i DR fariphws 360M6% Jdsirde] am 0.000011
i nformation, providing apparatus (e.g., a nobile phone) 100-5 is 10
oper abl e, [d¢eveek pbishacpresenis cdid(idpgreasie +JBB Aegteay niidseqyevalentitoraheut 1.2 m
medi um I D msssage t?c.)} Sﬁnd ap [ n%ry about position-rel ated

i nf or mat i ot WSAFRLSSHTHCHY b f¥ssages, to the | ocal server 204

via a co ggation network, so as to acquire the position-related
i nformation. [0293] 15As descri bed above, according to the
enbodi ment s ofv)tAldupe esent i nvention, at |east one of the follow ng
STTECt01) 1O 1630 1308 bk o the 1 word sepresant an alftude of the dndoor Mansinifiet and
a unit thereof is "m (meter)".
[0285]
This value has no code. The LSB indicates 1m. An offset of — 95 m is set, and a
range of - 95 m io + 4000 m is expressed,
15 [0286]
(3-6-1-3) Massage-Type ID "011": Short ID
When the massage-type 1D is "011", the frame length is 1 word, and the frame content
is a short ID (IDg).
[0287]
20 FIG. 25 is a diagram showing a frame structure when the massage-type ID is "011".
In 2 frame corresponding to the short ID, a 12-bit short ID- message is transmitted.
This frame includes the "outdoor/indoor identification-assist flag" (BD bit).
[0288]
A content and use of the short ID message are the same as those of the IMES signal
25  described in connation with FIG. 11.
[0289]
(3-6-1-4) Massage-Type ID "100": Medium D
When the massage-type 1D is "100", the frame length is 2 words, and the frame

content is a medium ID (IDyy).
30 [0290]
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i) Standardization with GPS C/ A signal Hardware configurations of
channel s for receiving indoor and outdoor (satellite) 20 signals can
be standardi zed, so that it becones possible to elimnate a need for
provi di ng dedi cated channels for the indoor and outdoor signals.

Thus, channels for searching/capturing/tracking the indoor and

out door signals can be nore easily switched. A receiver resource can
be efficiently risesh isWiidghanh Shoyot2FESHB kO Whéh RO Hasdabetydh M At 06",
havi ng significant restrictions on power consunption, such as a

mobi | e phone. J48R06R2EE]coiTespoRbvgItotthomedfimTPRMI 2-Hitmeediion B adssugsaalged] -bit
It becomes possible to reduce a tine from pushi of " )
posi ti on-i nFEHE ilﬁnmgasaaff e fransptiad: oﬁ'&y%ﬁmﬁs@g?o ﬂrrﬁh%@ hg, npytfoor/indoor
position inf 0N ! [0296] 30iii) Flexibility dependi ng
on Intended1&1@&%@&%&“%@%}%enti onal fixed format of a

navi gati @n r[m?ge of the satellite positioning signal (e.g., G°S CA
signal) is nodified to allow a leading word in a frame to have an

i denti fi cati on A némenteendone Eftlesagdunyibemefpghanei thy sameg ay Sresbhpf thesHIES
that a it beco Qssible to al, a tfransmtter installation

per sonnel tglgg&fd%sﬁ@gi{mpna&ﬁa@th&fgngﬁ ssion 5 order/frequency of a
nmessage to tf @Lansm'tted, dependi ng on the intended use/ purpose.

[ 0297] i@) nsuring of High Reliability of Indoor Position

I nformation (Priwehé posifbn HisaREOVSroSdENiRAlatRA (e @)a AoBilsHhdak) LEYS is
of output of erroneous position information due to erroneous frame 10
synchr oz atbeaable,ain rbspondei taireczivang thy shert 110 mudssage fand e mgdivh ribningssagdeo o
according a scheng of the present inveption. Wile reliable

oGu 51 1 on ST BB, oI B Slop e SRCHDRORB S FIecRpFesdp the

posi ti on i NfaL ML, Qno@iiiang c%fﬁ'ﬁﬁﬂﬁﬂﬁéﬁ HESDAY! 4d%as IdGe ug-leibtgpig'on%fiéfmfglated

an i ndoor position determ nation schene can be I nprov oyl ng
t he schene aifoinimgiopr esent invention. 15[ 0298] v) Ensuring of High
Reliability of Indoor Position Information (Prevention of Erroneous
Capt ur e) [0383pr ocess of the present invention to be perforned
during rgceivin f th onvent i pna atelli.te positioning. sianal
(e.g.. éss o AE ﬁ%{fb)egﬁé VEs a?c:farqgl}gsé)i tﬁf gm%%c\nnentg 22 e presenpmver%on, at Jeast

one of the following effects i) to v} can be obtained depending on the embodiments.

[0294]

i} Standardization with GPS C/A signal
Hardware configurations of channels for receiving indoor and outdoor (satellite)
20 signals can be standardized, so that it becomes possible to eliminate a need for providing
dediéated channels for the indoor and outdoor signals.  Thus, channels for
searching/capturing/tracking the indoor and outdoor signals can be more easily switched.
A receiver resource can be efficiently used, which is advantageous for a portable apparatus
having significant restrictions on power consumption, such as a mobile phone.
25  [0295]
ii) Reduction of TTRM (Time To Read Message)
It becomes possible to reduce a time from pushing of a position-information
acquisition button by a user through until position information is acquired.
[0296]
30 ii) Flexibility depending on Intended Use
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20 recogni ze erroneous capture based on extraction of an initial bit
in a frame synchroni zation process, and a preanbl e search. [0299]

It should be understood that the above enbodi nents have been shown
and described only by way of illustration, but the description is not
meant to be construed in a limting 25 sense. Accordingly, the scope
of the invention should be determ ned by the follow ng clains and
their |egal equi valvettiodal fixedtferaat of a ddvizatdromessasefithedatetiite pasidhnity sighal
i ntended that all changes and nodifications nmade within the scope are

i ncl uded t hé#-&i PP ElAisigal)1is modiied o alow i kadiagi Berdpinod ifemeglos haveern

(10) capabl e, of...pr.ovi.di n 0sj tion inf tion by.use.of first

posi ti oni ng %qngﬂ%now?%ﬁﬂ?tgmadngaﬁag%ypg m&”rﬁgsﬁ" éﬁrzﬂl elﬂ' 3%%3%{&1 Highgeones
plurality ofy,gield hllcRPa taRIRitbSinSGllAdn RABRe! 16 3RSIEdnkeE ahdQCratdmission
and a position information providing apparatus (100), wherein:

t he i ndo6r torderfiequeheyr oflanndssgbeso be Samemittpd, depetdingor( 24 Qjtendbd ade/mikpses
therein position data for identifying an installation |ocation of the
i ndoor trand®%¥ter, a generation section (210) for generating an

second positioning._si.gnal. i.acl udi.ng..t h si tion.da as. a read 10
spectrum si gnal' gﬂ%’n gt?fahnﬁ #F‘I%gﬂge tﬁ"gﬂor( 12)@5?)10’1‘ iﬁbwa}% n@ qu %n of
the generat egh 3R 8L BRFELEiH Si gnal ; and the position

i nformation providing apparat'us includes a receiving section (402)

for receiving & gpssénidty sqfemitput rof drgnedus pasitionl énbiriationgluseiotdrmnednd ifZgme
for, based on a plurality of code patterns related to the first and
second p8si synshionrakionyeen de ¢limipated Py neprigpeings irithe sypsheonigtipn peeordiag a

whi ch correspaonds t he spread spegtrum.signal .received. the .. .
Fecel ving seuehaer B qReRnnTitigtoaRbic Riphl aRay SROE ot S, Wi =
obt ai ned by rggrad ubAtiolfcdias Bie?ﬁéit{;ﬁﬂ iSBALARNS BRSl UMesbAdiamcsabig, the
the code pattern identified by the identifying section, determ ning
whi ch of t heeliabiligt ofzamdindenr goeitipo deterimomdtiog sshiegreadan bedmpwoed bedpplaying the
position infqrmatiqgn-deriving section (430) for deriving position

i nf or mat i ons‘g’lem?l‘?é FETSERLAWRBOY-nf or mat i on provi di ng apparatus, while
sw t chi ng bgﬁmgn processi ng nodes depending on a result of the
determ nati on, and an out put section (440) for outputting the

posi tion infor RtERGiee of Vigigh bReltaBRitP @S Iile P oy Bifbontider Pwvagion of
section, and wherein the second positioning signal is configured
to repeat absgneougbaptsied nessage in a cycle shorter than that of the
first positionihg signal..,25 2. The position_infor i on pravidin
system as def | Hod o0 o5 oAb BRI o B0 BHICTRA, PO Feiognal the
conpri ses a iyl ¥aBifie paHRShiRAG: ndl"@lgUdGEPY @APLIShA) intakeOfit YOLRBR to
each of which is a transm ssion unit of §ata to be Subjected to error
detecti @0, atdgnitedrminaoustcaptureinioel onodxtrhdtion\ob el initiad Gt e drane speblonhtion

the frames is variably set; and
process, and a preamble search.

[0299]

It should be undersiood that the above embodiments have been shown and described

only by way of illustration, but the description is not meant to be construed in a limiting
25 semse. Accordingly, the scope of the invention should be determined by the following
claims and their legal equivalents, instead of the above description, and it is intended that

all changes and modifications made within the scope are included therein.
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30t he words constituting each of the frames include a word havi ng
identification - 71 - information indicative of the nunber of the
words constituting the frame. 3. The position information providing
systemas defined in claiml1l or 2, wherein the second positioning
signal conprises a plurality of frames each including a plurality of
5 words each of which is a transm ssion unit of data to be subjected

to error det(dcAidly and wherein: a | eading one of the words in
each of the frames includes a preanble for establishing frame
synchroni zati on during receiving; and t he remai ni ng wor ds

ot her than at | -4 he. I e A r 1 o
i ncl ude couf]lt dgﬁg&ﬁ?gcﬁk@%%gﬁégg%%%ﬁ Hégi ﬁ%ﬁh\%})&; c??gglt%gld?n position
generated. idfornldtidn B9 Sbd dfQTirktHositinMhd 9?11:9 kd¥dhdé R Epreddsshedthiassigiel fromtach
in any one of clains 1 to 3, wherein: the first positioning signal
conpri se$§ aoplauphikdlity obfsatkilitest comprisisg eacihdeanctrandinitgr {20061 pland & iposttion
of first words each of , which is a transm ssion unit of data to be

subj ect ed t dfaymation geoviding apraras CHO(WHEFRI't i r st franes i ncl uding a

fir st pr eff’mbl e t{lé) fnd?%tt?ﬁgﬁlﬁ@f ﬂ}%llfdgfg%m?%g%g&%ﬂi(?%gi\%}clp&&eg Pherein position
receiving; and e second positroniirg "signal conprises”a
plurality olgagmesoentityiagas iSathtioNReatn the RIdbGAdnkMitef, aSREGBEoREES
each of which is a tranSmission unit of data to be subjected to 20
error det ect(21®n foregotratrig arheeceecprsidiohingrsésnal includidg e gostmoalath, as a spread
pr eanbl % for establ.i sEi n frarre_s_ynchrpni(ézzgiiton during receivi ngq

and wher8i n SPITEURCHEHR ﬂgaéaﬁﬁ}sgnmg SECiORt E&e)nlon i RPYREHE bF SRRTHE syFad
the first pr : The position information providing system
as defined fﬁ&%%ﬁééo clainms 1 to 4, wherein the position

i nf or mat i on- derhe/ pariricncidfor@RidrSpropRingbdpParaitl éficlide aSRe«vidy petivh i(40D) Ifer
signal transmtted fromthe indoor transmtter, to acquire the .
posi tion dateeeivingra wresil gpesirunisizmiah eul identiymgsectiva (Abhidenibased oma phdity of
when a plurality of th irst.positioni,ng.si .nal.s are received

W hout r ec SRR HESTR Bt GrEe SR AP GRE e e depRBEREe phie code
posi ti 01530 ph@d-Q W QdreBR3a8 1cfle Eﬂ}&&?bﬁtﬁh{ §i¥ndPteckifG&Lhy B rR B BB %ection,
spectrum si gnal s. 6. The position information providi'ng system as
defined i n aldatermiingvdeeioni (416) for, based on a signal obtained by demodulating the received

spread spectrum signal using the code pattern identified by the identifying section,

determining which of the first and second positioning signals is received, a position

information-deriving section (430} for deriving position information of the position

20  information providing apparatus, while switching between processing modes depending on

a result of the determination, and an output section (440} for outputting the position
information derived by the position information-deriving section,

and wherein the second positioning signal is configured to repeat a same content

message in a cycle shorter than that of the first positioning signal.

25
2. The position information providing system as defined in claim 1, wherein the second
positioning signal comprises a plurality of frames each including a plurality of words each
of which is a transmission unit of data to be subjected to error detection, and wherein:
the number of the words included in each of the frames is variably set; and
30 the words constituting each of the frames include a word having identification
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. the—postti-oni-nforntt o providi ng apparatus“i's adapt ed to be capabl e
of communi cating with a comuni cating apparatus for providing
position-related informati on 5associated with identification data,
via a conmuni cation line; and the position information-deriving
section is operable, when the receiving section receives the second
positioning signal, to communicate with the communi cati on apparat us

based on the_ d L tigat.l | - A i.tion-related

i nformati on?%ﬂglglg%i%ggdgg& \{/lm{’é)#tgﬁéﬁ?%gﬁfiﬁ'g :‘”é’é i%ﬂﬁlgg'?%.tﬁéltgymé. An i ndoor
transmtter (200-1) capable of providing position information by use
of a first positioning signal which is a spread spectrum signal from
each of a pBur dhetppsidibn dufowdtion geovidingl sestee e definpdgntolavmi hgr 2. ghetin the
conpatible with,the first. pasitionin i gnal . conprising: .15a fjrst
Stor age sectFAd PORBIMIYA FighalSIOBIRBEES, HEREAIRY 95 SRHIeD F QI tnalulie & plurality of
| denti fykng yahyd HSk ?é]fgﬁch?ya ltrgffs?r;lés?c{h it § Mo ﬂ%%%ﬁb'%ét@@?oné&&r%retection Ia.t?d
generati on section or generating an secon d03| I'oni ng signa

i ncludi ng t kehepp@agi tion data, as a spread spectrumsignal; and a
transmtting section (292) for transmtting the generated spread

spect rum si gnal leingwnerodithe words gesreh af thodragwee irichides 8 peedmpledr ¢stablishing
generate th&q&econg posi.tioning signal in such-a mariner as to repeat
a same cont e Hzaiion QU YeCeNBeL A% t han that of the first

posi tioning si e e Sit fi WP I@iFg
7, wherein theq@%%:%rﬁm % gni*o |O%¢%€&§§§%gﬁ%&9 (:I%)a%nlg?g'glgféﬁ %F%lrgﬁhtgy o>
franmes dach idhgle ¢eir datd vidlidirig pdayedaiverp@intshereid data inhbhatéds a

transm ssion unit of data to be subjected to error detection, and
wherein: the nunber of the words included in each of the franmes is
vari ably set,; d_ .. the words constitutin h.of the fr S

ncl ude a wir d SRCHEOR SEPTOR SETGHRE SYSUSTHaE FOTen TRiPAORG 8f SR to 3
nunber of tRhe.whds constituting the frame. 30 - 73 - 9. The indoor
transmtter as defined in claim7 or 8 wherein the second

posi tioni ng si ginalirst gogitiEes sanpl comdristy a gllurkiitgnafstiva dhmen ehdhdinopdiag a
pl uralitéé of words_each of which is a transm ssion unit of data to be

subj ect éd t &Rl pT Pt wexds sarh ofvehickiis p &ppsmission ynit ofslafarte be pebiestedtp grror
words in ea(&'&eafon% Q:gchf raia WS ik Cilx%qe%.singln 1%% Zamﬁlrs? I;rgarmbelg tfgrb le'stgbmsﬂigg frame

frame synchronization during receiving;
' synchronization during receiving; and

the second positioning signal comprises a plurality of second frames each including a

plurality of second words each of which is a transmission unit of data to be subjected to

20  error detection, each of the second frames including a second preamble for establishing
frame synchronization during receiving,

and wherein the second preamble has a pattem different from that of the first

preamble.

25 5. The position information providing system as defined in any one of claims 1 to 4,
wherein the position information-deriving section is operable, when the second positioning
signal transmitted from the indoor transmitier, to acquire the position data from a signal
obtained through the demodulation, and, when a plurality of the first positioning signals
are received without receiving the second positioning signal, to calculate the position

30  information based on the plurality of received spread spectrum signals.
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t he remai ning words other than at |east the | eading word, in each of
the frames, include count data which is updated every tinme the word
data is generated. 10. The indoor transmtter as defined in any one
of clains 7 to 9, wherein: the first positioning signal conprises
a plurality of first frames each including a plurality of first words
each of which is a transmssion unit of data to be subjected to error
detection, each of the first franmes including a first preanble for
establishing frame synchroni zation_during receiving; and t

i

he
second posi Pi orfibRgeEfgHarRsiRsITeEding sy 21 defipein cliB gniheteies each

including a plyaljty of. rds. ea ichyis.a.transm ssio
unit of data pg&békééﬁﬁegﬁggaﬁglg%?ﬁ?“%e%&%&%%%ﬁ%eg%w&gft§h§p§%%§%% b
frames incl dgthMenidati@GANh RhSAHN8ng gspa&ﬁsqbi brotRiRG pbtiBBRrelated information
synchroni zati on during receiving, and wherein the sécond preanbl e has
a patterh daé$sbaatedivithidemifidatibn ddtatvivea Eomatnipatieatioe;end 11. A nmet hod of
provi ding position information by use of a first positioning sjgnal,
which is a sprdifdPesiéay miormaliomddriving pretiag s Gperablpl whe fthey regpiving section
satellites, _co hsing: Lt he st of | ' i 1]

i denti fyi ngre%ﬁﬁ?{l@? 37Pnd P%Srllt’ﬂng’éast‘gngﬁ 1f0 naﬁ%%*gg B"E‘%Bts‘ﬂr‘ea‘lh"g’&r}n“‘g‘i?‘%‘?i?‘t‘ hpararus

the step of bgeashd iAchiFRaFRARR o REGHe! (RO hEGkichLGRAM ihfofhatidh RGsobRRd with
position data, as a spread spectrumsignal; the step of transmtting

t he gener at 8¢ idgptifietionpletat r um signal; the step (3610) of receiving
the transmtted spread spectrum signal; the step of; based on a
pl uralit9 of code patterns related to the first and second

posi ti oni ng5si J [ 1.f VisRg. f 1 e Al C

corres ponds7‘t o%ﬁéﬁ?oerégsg\}%lggl}s/%p gégg Sglgtoﬁf@%"gﬁggﬁﬁﬁ@[ @g&ﬁ% }%Susg 105)a
of , based ofirsa pokifirahg Glzhall ﬁﬁdhbya%gfeadtﬁpa&mmg sighfl fi®ie aMedf apsieality of
spectrum signal using the identified code pattern, determ ning which
of the firssatelligs.sagiondeqoodiposibering sighginednepafiblerwidle itheetirst positianing sigeq),
($620, 8630, 3640) of deriving position information, while switching
bet ween pr ot¥EE{H# nodes depending on a result of the determ nation;

and 10the step Obra@t s foHL{Q&G)n\ng]EH%td?é‘sr théfsh ggs‘ﬁii&d 84 8 QARG hn

. al .
wherei n the second posrtioning si‘gnal is generat to repeat a sa

cont ent nes sagHation lacatige beths dobratanthaterst hat of the first positioning
signal. a generation section (210) for generating an second positioning signal including the
position data, as a spread spectrum signal; and
a transmitting section (292) for transmitting the generated spread spectrum signal,
20 wherein the generation section is adapted to generate the second positioning signal in
such a manner as to repeat a same content message in a cycle shorter than that of the first

positioning signal.

8. The indoor transmitter as defined in claim 7, wherein the second positioning signal
25 comprises a plurality of frames each including a plurality of words each of which is a
transmission unit of data to be subj ected to error detection, and wherein:
the number of the words included in each of the frames is variably set; and
the words constituting each of the frames include a word having identification
information indicative of the number of the words constituting the frame.

30
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12. The method as defined in claim1l1l, wherein the second positioning
signal conprises a 15 plurality of frames each including a plurality
of words each of which is a transm ssion unit of data to be subjected

to errorg defection, and. wherein: the nunper of the words included in
each of %hgh’%rlg%% fragstyiey %‘ﬁ‘ff{]@@t@ C@HHU})"T 8.t Yhergigrthe second ppaitiening

each of stdag d i [ J bf ion infor L.on
i ndi cat isvgltial Ofoh?ﬁge%#uﬁ;%lg}r@gf@?ﬁ% %p%hdg% satd§9 %Ithliyn(gfa‘%%gs ?aflgﬂ'ﬁwﬂlg% 18 13.
The net hddnasisdef ired data t6 bakbiektd o erdo? detb@ie il Whgeigecond

positioning signal conprises a plurality of frames each including a
plurality cfleaderneddie wordohi eshh phthe framaniniuded mpreamblt fafesttbliideo be

subj ect grgmgg error get ction,.and erein: a | eadi ng one of

the wor ds r i gach % Ont‘ﬁgmﬁrl%‘i‘?’é’glgi’ udes a preanble for establishing

25 frane ji ' [ i, Vi, gl d .the.r inin
SHRE PEANITE LD S O, SRR VAT oM, i s B} Pl

words other than at” | east adin
i ncl ude mebuatowlatlata whichis iysiated dodre dme VRS worlldhm i§ figemppd data is
gener at ed. 14. The method as defined in any one of clains 11 to

13, wherein: 30the first positioning signal conprises a plurality of
first f ch i ncludi ng lurality of first words each of which
is a trgﬁﬁﬁglslgg?{%ﬁfr{]#ﬁ asdjﬁﬁﬁed?% appone i cEpe it vderesy  det ect i on,
each of thgeffiksShodig ‘LGl udi i[5 e for establishing
frane synchreoni zgﬁl ocﬁ1 u?]?%g c;de fe]%sﬁanéf;ufazl dgfﬁfe%ﬁgilé%%deaﬁlbﬁ@q fig

si gnal Porpity ofdsstavopiiseash of whioh issEemBmiskioaMES oLaGd H@:Cilbbg&tagtoaen%f

pl ural i& of second words each of which is a transm ssion unit o
data t *HEIeRpjask 1l dthe ofirst figmesy dtchwirigon firsilapteamblet foe esteblishihgf frames

i ncl udi g3 eanbl.e for establishing franme synchronization
during g&e%e?@?agégg?qugﬁg%ﬁ‘av}\%’e%i n the second preanble has a pattern

di fferent the mh&]g&sﬁm‘nﬁltwgﬁai é&ﬁp&é@?ﬂm&ﬁg ideduid effﬁg}%% gﬁg?&g%a?x?gﬁ g

defined in_any one of clainms 11°to 14, eint

i ncl udedurgliiz of gerond ayerds cachiob whichds s eanmdsypasintit ondatgtoShediBiected to
transm'etteﬂ frtomthﬁé__{acntfoor transmitter, acquiring the position data
from a SHAEF9Bt &4C 1, Fe506h frees eldiagsasecon praaable Her establistimp of |

when a fﬁhiérS%éh,tréhiﬁftioﬁE@i@é?&\éﬁ’%g tioning signals are received

wi t hout 15réceiving t econ ositioning signal, calculating the

posi tion ianflowhem¢ih ohe Based gBarhble Hab W pdtdely d9feréR CRINY Qe SE 88 %St
spectrllj)?gagllb enaI s. - 76 -

11. A method of providing position information by use of a first positioning signal which
is a spread spectrum signal from each of a plurality of satellites, comprising:

the step of loading position data for identifying an installation location of an indoor
transmitter;

the step of generating an second positioning signal including the position data, as a
spread spectrum signal;

the step of transmitting the generated spread spectrum signal;
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15

20

25

30

the step (S610) of receiving the transmitted spread spectrum signal;

the step of, based on a plurality of code patterns related to the first and second
positioning signals, identifying one of the_code patterns which corresponds to the received
spread spectrum signal;

the step (S 612) of, based on a signal obtained by demodulating the received spread
spectrum signal using the identified code pattern, determining which of the first and second
positioning signals is received;

the step (S620, S630, S640) of deriving position information, while switching
between processing modes depending on a result of the determination; and

the step (S650) of outputting the derived position information,

wherein the second positioning signal is generated to repeat a same content message

in a cycle shorter than that of the first positioning signal.

12. The method as defined in claim 11, wherein the second positioning signal comprises a
plurality of frames each including a plurality of words each of which is a transmission unit
of data to be subjected to error detection, and wherein:

the number of the words included in each of the frames is variably set; and

the words constituting each of the frames include a word having identification

information indicative of the number of the words constituting the frame.

13. The method as defined in claim 110r 12, wherein the second positioning signal
comprises a plurality of frames each including a plurality of words each of which is a
transmission unit of data to be subjected to error detection, and wherein:

a leading one of the words in each of the frames includes a preamble for establishing
frame synchronization during receiving; and

the remaining words other than at least the leading word, in each of the frames,

include count data which is updated every time the word data is generated.

14.  The method as defined in any one of claims 11 to 13, wherein:

the first positioning signal comprises a plurality of first frames each including a
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plurality of first words each of which is a transmission unit of data to be subjected to error
detection, each of the first frames including a first preamble for establishing frame
synchronization during recejving; and

the second positioning signal comprises a plurality of second frames each including a
plurality of second words each of which is a transmission unit of data to be subjected to
error detection, each of the second frames including a second preamble for establishing
frame synchronization during receiving,

and wherein the second preambile has a pattern different from that of the first

preamble,

15. The method as defined in any one of claims 11 to 14, wherein the step of deriving
includes the sub-step of, when the second positioning signal transmitted from the indoor
transmitter, acquiring the position data from a signal obtained through the demodulation,
and the sub-step of, when a plurality of the first positioning signals are received without
receiving the second positioning signal, calculating the position information based on the

plurality of received spread spectrum signals.

. 76 -



