PCOSI TI ON | NFORVATI ON PROVI DI NG SYSTEM | NDOOR TRANSM TTER AND METHCD
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. Mire specifically, the present
invention relates to a techni que capabl e of providing position

i nformation er [ t

i gnal e t ST O ﬂ?@ﬁ%@’@ﬁ@ eﬁﬁﬁ@%%@.t. SHRHAY gnafiDdor
BACKGROUND AfFTA NE) CORpENEY | LPRO VAN, nPUngION
system a GPS ( oba POS|t|on|ng Syste |s nown. A satellite for
emtting a INFORMATIOMe in the GPS (the satellite and the signal 20
will hereinafter be referred to respectively as "UPS satellite" and
"UPS signal") is flying at an attitude of about twenty thousand km
fromthe.ground. 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 denq?gg i[Priof t he received signal .
Thus, as long as there is no-obsta etween the ground and the GPS
satellite, position determ nation can be 25 performed 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 @Wf Liguse a situation where a position

i nformati om JE tus of a user cannot receive the signal
em ttedphromddig UPS satellite. Further, depending on conditions, a
signal diffraction or reflection often occurs due to the buildings to
cause an error The peshamoenté naasu toeaeethnigienfyr tireviding pebifiomtinidhmation.

leads to deterioration in accuracy of position determ nation. [0003]
‘Al t hough t hédesespedifieadlyn theqpreset 1Pealipw irrlgres ﬁoéht‘?"h’é‘ﬁ@ﬁr capadle af weoakding

S5 onaL Y0l RSB0 8L Uy Sk peRehEChY s
posi ti on detegkitddTaink 9 Batellite 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 hereinafier 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] Whi |l e the above description has been nmade about position
determ nation by taking the GPS as an exanpl e, the aforenentioned
phenomena 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 GLCHEASS l‘IQGI_OoaI NAvi gation Satellite Systen) in Russian
Federation, &g GarfTeo in Eur ope, as well as the UPS. [0005]

A techni que [0@(13Tt ed to a position information providing systemis

di scl osed, for 15 exanple, in JP 2006-67086A (Patent Document 1).

[ 0006] HoweAdgrough theee is e ddvhnique oliiesaving edan indddnered R v&AR &P A6 which
there is a problem tga it Iackf) versatility, because _a reader or a
witer is unidfpenciate rFi’J@I'-‘éirén‘t"al £T 50908 Tegebang sietsr igehill gmstablgy Which gauses
system WO egyalotlif 0ul 9GOl alilibdag @ transm tter output 20
to avoi d’i nterterence, a racervans e range tor position information is
restricted, [pfu4gh causes a problemthat it is unable to continuously
acquire position information, or an extrenely |arge nunber of

transm tters arW¥hiethoirbed desrippbuehasdbem teds aogepositiod @etpralinaten by taking the
conventi onal _nobil e phone having a position determ nation_ functjon
posi ti on 25 GIn¥ 8t AakeMPleaihenaforasntionsd Rhsnemengcate | abservideinea jspteflife-based

possible to. r i.ve gnal from t ite,..so that a. ppsition.of.
Phe robi 1 & BERICHYE sfuih O henk P %E‘geedﬂ’&imﬁl’ o ot RpeflifRRed [rBSiigning
i mpossi [loe tsPstérRC YhekBs fadfl 9 pd\RY EatellfblBRsed SpdRtidnihg! 8tetd @R1Rfing GLONASS
‘buil ding or an underground shopping area, there is a problemof being
‘unabl e to adgGlDba RaéwigetiianSatelfitr Smstem)rin R38§i@0B8)cration, andsGaldersir xgopep s
this problem for, e le, a technique is contenplated which is
designed to ) an indoor area a plurality of transmtters
each capabl ?0665 emtting a signal simlar to a UPS signal so as to
calculate a pos;ti on based on the trilateration principle as in the
UPS. However, iA tédhhigue aslated tibed @oditord ifb:@idtiem wividing i spaeaas alidclosed) Sfor
of 5 the transmtters due to a need for allow ng respective clock
ti mes ofl5t hexuppipndnyk 2@G6s67086H &Patent Bpsemeddd.zat i on with each ot her.
[ 0009] @{E eover, a radi o wave propagation becones conplicated
due to refl J% I'on in the indoor area, which causes anot her problem
that an error qfowaReltn §8¢Bhighe H180S8seTin MR B 0055084 A, Mh@E S SroBREPhASt
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 phene 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 a building or an

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

information.

30 [0008]



JP 2007-278756A (Patent Docunent 2) discloses a position information
provi di ng system capabl e of seanl 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 sane format as a

conventional format of si.gnal .froma UPS_ satel]i.te,.and a e
conventional ¢ Pﬁﬁﬁ“&ftsia%ﬁﬂg%woﬁ&é’?ﬁ%ﬁxad@%%ratﬁeﬁ fhispeeniegplied jphich is
satel lites ig;usado atalb@iduWeiRot ardh HRRABESH MRmMet A capable of emitti

modi fi cati on. Sl%%tge%t aDrloégdrrent E: ?JIP é2@06- g}gOSGA 20Igast ent calggcgr(r)eﬁltm 2H:lga
JP 2007- 278%RGA HnBal @ShHRPOkigilEsol adviaNddlcuMite RRIBItTol BecrBbn $hd WdReBYon

THE |1 NVENTI ON] [0011] 25Meanwhile, there is an increasing need to
accur at el y @Efeipleas pobe GPén Haweyaiein tancase these it aiellersrof am increasfos cost of

: 012] MNbre. i ficall i d t i.Siti .
ot 11 cac o U ABOLER 0 ' Arsid e FlY e Speltn oEk Rt e Rapmie o v
phone, a calil g RBSi-AtdARwifBPEmEdent i fied by a call sent out from 30

the fixed-line phone, because an installation |location thereof is
prelim nari [[§odkhown. However, along with popul arization of nobile
phones, nobile conmuni catjons have becone popular nore and nore,
Thus, it often Mewerssa mdithweve propagatipy beedmesrcopwlirateddug if silagtionon the

in the sanme.npnner as,.that in the fixed-I.ine phone, ,Further, . as t.o
message | - ANOREFGRICh Chye aVr ORTHETR UK 3P BUAT Do SRl ik g s
posi ti ongi nfegng%wydes i1é¢he i¥RIaRAG oL B3 RAIsh@tpIone is being
pronoted. [0013] wever, I n cases where an indoor transmtter is

used to proy@deé] position information to a position information

provi di ng appar.at us e.%‘. , a nobil e phone having a position . o
det er ni nati on PEMOOVBASTI0N (PatenbDoguneit|2) disclosss # mosifien iprmptign providing

signal for n%ste%n %ép%gﬁlof%ga(?ﬂlegsly acquiring position information in indoor and outdoor areas,
wherein position information (latitude, longitude, altitude, etc.) itself about an installation
15 location of an indoor transmitter is transmitted in the same format 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.

-3 -



10 be transmtted to allow errors in signal synchronization and
capture to be suppressed. [0014] In an i ndoor area, as conpared
with a signal froma satellite, a signal having a sufficient
intensity 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 agnal fromthe 15satellite. H(Bwever t here i
a probl em t HEAWSVED jAongowit ooepiatization .9f (RhHe Phepss.omok] @ﬁW@Fﬁ‘ﬁ%ﬂsl@VG

sui tabl e thgy anQé’ c};r‘f%g@re d moper Gjlgg & oft %901#1& &aﬁ‘l@ : ngﬂg cgll%r posmon

posi tion infor et provi ng syst'em’capabl € provi

i nfornati on infoirAish ifl Eetaing htinh€@hsithat ¥€ CHerfaey- hau?nbnen BurkHR€,aks it® B message
where 20it is inpossible to receive radio waves froma satellite

whi ch eni t s im 28] apeagentynrthp developmentiof daws tararc inc{dfi Bdsititneindringtion in a
anot her need for osition_infornation vi di ng system capabl e of
suppr essiPng TSEEELO aﬁo?‘%ﬂé’ﬁ’tstb@ﬁngé’ %‘ﬁ to enit a signal for
position deg ﬁl[lnatl on. 25[0017] There is yet another need for a
position information providing system capable of reducing a tine
required until Hpegdvel, @casél i@ hd DdodrSraasaitier 8sed t0@idBAde position information

Therefore, there is still another need for an indoor transmtter
capabl e of ¢ angwsitioni infprisgrion pioyidins appararsovigdi gpopie ipheusnhaving a POSiﬁOﬂ
e i 5l e B A il i
TS L s B AR AT Rk Bl o BB, V2L
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 it 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 fime required unﬁl 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 transmitter adapted to emit a signal for position

determ nation. [0020] There is another further need for an indoor
transmtter capable of reducing a time 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 informati, [1 provij di ng system capahl e of proyviding
posi ti on i nfiBfataR Phsredl s fapossipledo receive rasie peyesdromy2 gatelHis Whish ety g signal
spr ead spectg U Sﬁiograggemfﬁgl&g;neach of a plurality of satellites. 15 The
position infor I'on providing system conprises an indoor transmtter
and a posi tifomg)nformati on providing apparatus. The indoor

transmtter includes a storage section which stores therein position
data for identiTheraig yahstillanotiet ngeddor 4roindedr dranghittetheapitiel obsuppressing a cost
‘transm tter, a generation section for generating an second

posi ti oni’ng @ia@%ﬁfimlftﬂc"}dﬂ?fi:‘ﬁ@ PHE? Pl {orpRsition deteTanao”Rny ead spect rum
signal, and (8o ansmtting section for transmtting the generated 20
spread spectrum'signal. The position information providi ng apparatus
includes a receTherd} sReHet AthEOheddeReial iifldbod t:SMnEaE GPaKIE bEMduCBAA time
an identifying section for, based on a plurality of code patterns

rel ated to trhguited pail pesidos méematiproisiacquiredng si gnal s, identifying one
-of the code patterns which corresponds to the spread spectrum si gnal
.received by the receiving section, a determning section for, based
on a si gpal I AANEETE i he recei ved spread spectrum
si gnal %gl ng t @%g lét%)a{ftern |gg%@)|tgfq?%é} by the identifying section,
det er m ni ng [@#Bi¢gh of the first and second positioning signals is

recei ved, a position information-deriving section for deriving -
posi tion i nfor mMecpuindio & Hastpasdeatiadrihe prasenreinyatiopr Boiedis mgodpsha avsigon

“while switchj et ween ..processin s _dependi. on a result of.the
dot er m nat | oHoTRtEn Ao BEE SETER coHfB aPoBERE B0t iy MorRalBt B br pi, Bt
i nformati on deikibiRel sibial thHEchPio 3 shead spddtr@RenhCito:d (BN bINDpiaRGly Satelli&s,
second positioning signal is configured to repeat a sane cortent .
message 15n dheyokitors indertetiont pramidingaystofh dohprifdsraptingnos iransoifterging iagosikion
[ 0022] Preferably, the_second positjoning signal conprises a ) .

plural ity ofMOrBaien PEAHREARPAAMdi Abe BdpPriraapmitlyr Bel GfEoTagfefeiyn which
which is a't 1.SSi -unj .dat-a- i { .

dot ecti on. v aeampatcblihe R jdefl g UL Bl 8 0 B apamiter

frames is vargablafons éctiofTor fdheratg A secotdl! pdsitiohing si@ah imefudidgetht rpasEsn
include a word having identification information_indicative of the
nunber of t Ketawesy aispreadrspedtumy Jigngl.tand aftransreittinzgcect®n foumnsmitiahihy gendeted

second sitionin ignal co i ses . l.urality of frames each.

"l udi A a Bt aPFLGLPERB ds iea e Bet vReBREol oyl APetie, inslides 2
of data to t?@qe?v'ﬂﬂ KEfiGtfol PecEivingla Q)?éaﬁ(‘s?écqﬁm ﬁ@rﬁal,%%ﬂé‘i iflg L&A RY, PREJ
of the words in each of the frames i1 ncludes a preanble Tor

est abl i shi n@nf & griwalitynehreadei patterrgnreaiated ng the dritvaml secand fgosiioning signals,

remai ni ng words _other than at | east the | eading word, in each of the
frames, i nclidrgbfyieg, pre ghtls ide giptterns 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 atransmssion unit of data to be subjected to error detection,
wherein each of the first frames includes a first preanble for 20

establishing frane synchroni_zation during receiving. [0025]
Further, t hgosg%%!r-ﬁjﬂé@i it PG &¢ st W&O&W&fﬂ?ﬁﬁ% ingeyclg shorter than

plurality ofuﬁ%gmgﬁ{sftg@smi@asg#aj_ncl uding a plurality of second words
Is atr |

each of whic nsm-'s unit of data to be subjected to error
detection, \m@eein each of the second franes includes a 25second

preanbl e for establishing frame synchronization during receiving, and
wher ei n t he sedugferaplye dinbsecond spoaitipning engnadijcompriesst a fiwalityhelt frafmes reach

first preanble. .[0026] ..Preferabl he.pqsition .infornation-derivi,n
Secti on §o GG LB, PO Seth AR M5Bt P GAPTESSTgH Ot PG e st biged
fromthe in .t N LI kg f .
si gnal obt a?&n’g%rm{ ﬂﬁ% %ﬁ%elggﬁr%gﬁlﬂg%ri %n‘,ﬁlggﬁg%%gﬁ&aﬂg{:ﬁl ac{fiqt% of s
the first posidblyositn@nd shgvahds amBinBagi eaeld ofi thd diimek eelndd AOwbidehaving
second positioning signal, to calculate the position information
based on t hédeplifigatipn injorsratipemdicgidee of preanunbspelthe wmds copstitusing [lodrne.
Pref erably, @Bg} position information providing apparatus is adapted
to be capabl[ 5 comuni cating with a conmuni cati ng apparatus for

provi di Rg posi tpl.ankel i Bt i it slent 4 i i
fat o VS b conmanibg Mae Syaold YoRuhilp ABREToRpRcsnt ghelfiyOhe Hakel el
section is tpkday epluntignoitieds eckiol whithdea tragmissiaainites’ datacto e galsjected
positioning signal, to communicate with the comyuni cati on apparat us

based on t h& $rHEdeiestionaandbrhasina leadingangiof theywardpinsach ofihe Epmesigcludes a

| nformat | O”px%i%ﬁﬁi i%’i“ ee%ta\’a\f-istlﬁlngt %’%n%osiygﬁlrr]&iﬁ;e{tﬁgt éu%rﬁgdr%%é’ilving, 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 cach 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 transmitter, to acquire the position data from

30 a signal obtained through the demodulation, and, when a plurality of the first positioning

-6 -



[ 0028] According to a second aspect of the present invention,
there is provided an indoor transmitter capable of providing position
information by use of a first positioning signal which is a spread
spect nun signal fromeach of a plurality of satellites, and a second
15 positioning signal conpatible with the first positioning signal,
The i ndoor tran]srri tter conprises: a first storage.secti.on which
stores ther SIHABET FFRS TSV HoRG fecpiYig theyserRpdapositipsing fignalole Pledats dhe
of the indoq.:t: 1 tEery h: I 1] an
second posi |°gh§%§%§%%a bals‘?ldc ﬁ@?hg}%lﬁ&%gﬁ‘%e?g#eg%?}%?ﬁ% nghég%r ead
spectrum si gogi7; and a transmtting section for transmtting the
generated spread spectrum signal, wherein the 20 generati on section
i s adapted to dueferablyethetposition snformpdion prayiding)apparptasl is iadapsedcto be qapaiienf
as to repeat a same,content nmessage in a cycle shorter, than that of |
The i1 o8 pOSREN BTG oA R 6Hgg Sbherats Gr BoTORYE P HOR FREt hgetion
transmtter, i & 1.Qnl N i gnal i L.urali .
et frameasomt Wb, BRAALRGL Thus, 907 s, CORBLBRERE IRl TRl I, Bbsion
i's a transmigsmiohabiivin® stioflad Speidhld) entiet he flc€idling BeBonOkceilRl Akd 5RBnd
r

wherein each of the first frames includes a first preanble fo
est abl i shi ngofitiemeg signelhte romatungatedwith nidie revomiwnication apperathe besedoom the

positioning.sigpal copprises a,plurality of second franmes eac )

i ncl udi ng al%nﬂff%ﬁﬁ%y ' 18 et Wi dRosulrarelsted. A pmatien aaSﬁchﬂa{}im@& dbe
uni t of jgat pected to error detection, wherein each of the
second ?an?é&‘?ﬁgiﬁﬁﬁggha second preanble for establishing 30 frane
synchroni zafo®8) duri ng recei ving, and wherein the second preanbl e has
a pattern different fromthat of the first preanble. [0030] )
Pref erably, inAd%serdingdedr seeenthasprattadithe prgeeng enventdan, dhers éscprpwided an indoor
includes identif.icati data associated with, pgsition-related., . .
 nf or mat | on TeRPEEFERle oRpDyieRpstgndntoHm e Rt o gr ke Spioaingsienal
I nvention, %Jh?dheis'assﬂi‘éa‘aVépQ&Huﬁ sIPRLINAG WaclP Lo Y ﬂhﬁﬁty_p $abel®Bs, and a second
information by use of a first positioning signal which is a spread
spect r uid si gogtiorfing siped comphtitde phithr thk i firyt pisitivaing digriab s . ThEHadove thhashitter
conprises the step of | oading pgosition data for identifying an . .

i nst al | at i oROPBRASE dATHSIEREE 58108y Whichrderey therein ppatien dafp dpr gentifying an
generating 0 IEkoni y| J i A It

2ea apr oad BSTERGNEROTLE RS Moty (MO BF Rt 4Picdond
spread spechbiifidringBithal {ddRidfipe heOpositRme dihNgs tahepredREdvhie sighdlf @ad a
spectrum signal; the step of, based on a plurality of code patterns
rel ated to traesofiftingtseeiivd for tlenunipngi the @rnerged ispmad specirararsignaly i whgreim ghe
of the ¢pde %%trt_erns whi c cogresgonds to the recejved sprea

spect r uf? si GHEFAHOR §EFtop ixpdgpted [geaeratsfhesepandpesiiiopmg steap e qughyp manner as

denodul atin ' . J ' | ' ifol.ed
Coto. patt or & oHat AFAR CRGaERLRRE TR PIOCE) 08 el B A0S el P len
signals is f@2e] ved, the step of deriving position information, while
sw t chi ng between processi n% nodes depending on a result of the

det er ni nat i on; Paferablicingbejpder tmsmpitien ithayfinsheostisningesigngbepmprises a plurality
ot oy cuhpLeLr L1 a66R0t R0 aL thann BT AL A L0,
first pesitiyopine 6 fkted BRuES ddeefifil, Rt Och U ORAYENGS hOORS]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 diagramshowing a configuration of a position information
provi di ng 25 system according to a first enbodi nent of the present

i nvention. 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 é%)o-l. FIG 4 is a diagramshowi ng a structure of
an LI - band ¥t Saw thatghte iy pemblE-t ted 30 by a transnitter nounted

on a GPS saﬁ 3b]te. FIG 5 is a diagram show ng a frane
structure of an I MES (| ndoor MEssagi ng System .signal. FIG 6 is

a tabl e show n@refergblfpar i afddRttRemitRr, Bt deneddtioanedlida inMadeaidentifithon
ID) and a frame length/content. 5FIG 7 is a diagram showi ng a frane

struct ur e wdeta assheiated ssthgesitigpeeldt@l informodon 1 | FIG 8 is a table
showi ng res %u’ave exanpl es of data contents in the frane,
correspondi E@ lues of a bit length and an LSB (Least Significant

L), o092 RS ARASSREF A yth BT SRR i o

tabl e show pgvidespésitiote inaaBbe byOdse At 2 9 NHosHibSing GRAE SRR N spread
val ues of apbit Ieggth and an LSBy( Least Signifi can% Bit), and a P

range to besmxpvmosigsdl freth Gachldf 4 pluralith efgvatethted olihe gnethold rcamprisasthecstey of
when the massage-type IDis "011". FIG s a diagram show ng a
frame str LctargemdHon A r%rs@_se&]é”ywﬁe maﬁjlfagém Kgepion )2 in aprtgnshifipn dhe
0L 01 1D, SR8 0 LB oL A BE IOy 8 s
of a processped@urh Gigasl; HRS st sTRenMKittidrethp @siekdt@Nsprdatl QpeaiuinOsigal; ANd shepnef
appar atus 100. FIG 15 is a diagramshow ng a screen image on a
di spl ay uni recaimgdhe trinsmpigas spread spevirymnaigriab ribgsten ol bargd ap panlurelity of gode
20FIG 16 is bl ock .dji agr shgwi ng .a confiquratjon of.a position
nf or i | onPHFGY A SoHadkt B ST eSO g 4als e e of e code
enbodi ment  gfnd{\enmEILSSREspdrAY &'k Ybeived spread spectrum signal; the step of, based on a
15  signal obtained by demodulating the received spread spectrumn 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 outpuiting 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 showi ng a usage state of a position

i nformation providing apparatus in a second nodi fi ed enbodi ment of
the present invention.. 25FIG 18 is a block diagram a hardware
configuration of a nobile phone 1200 in the second nodified

enbodi ment . FIG .19 is a block diagram show ng a hardware
configuration of an information providing server 1230 in the second
modi fi ed enbodiFi@nd .is a diagram $Ho@ing® @ frame stdichye ah awhBIES Indopr Mfissaging
structure o% & qggifLed | MES signal. 30FIG 21 is a diagram show ng a
frame struct?i€f¥Phe nodified | MES signal when the massage-type |ID

is "000". 22 i j j I

cont ent's, corr epandria Sph Y SenAtkRh ARSIASHLS BT (Phsdte 7L )

Si gni fi cant aid 4 fram@Rdgth/cotage to be expressed . FIG 23 is a diagram

showi ng a frame structure when the massage-type IDis "001". 5FIG 24

is a tabfe shoWlGy ieradinsrassshoving aiiame gowtuesiwhenthp assagertyph 1D & "000".
i.n each

corr <P P9 L B Tt B BI e IOE I SHURRILS U BSE
Structur e ek T hanaiahes ot f IR BB SEAAT SRR B Bense ol
[0033] 10: pgsessédon i nformation providing system 110, 111, 112: GPS
satellite FIG. 9 is a diagram showing a frame structure when the massage-type ID is "001".

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

FIG. 11 is a diagram showing a frame 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 position 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 is 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
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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: region 1220: Internet
1380: menor ynassegertypadD is 1000'ROM 30 BEST MODE FOR CARRYI NG OUT THE

| NVENTION - 10 FIG. &201'2%%41)16 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 1D is "011",

FIG. 26 is a diagram showing a frame structure when the massage-type 1D 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 I/F
220: external synchronous link port
20 221: external clock port
230: reference clock /O 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
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Wth reference to the drawi ngs, the present invention will now be
descri bed based on an enbodi nent thereof. In the foll ow ng
description, a common reference nuneral or code is assigned to the
sane el enents or conponents. Such el enents or conponents 5 have the
same nane and function. Thus, duplicated detained description

t her eabout iﬁdal be onmitted. [0035] <FIRST EMBODI MENT> Wth reference
to FIG 1, 85i tion information provi di ng system 10 according to a
10 first embodivpierabnd: i 1RIASARLs, HRMEAER ARy WAPnEIFHE HEDATkd K4 on
1 is a diagramshow ng a configuration of the position information
provi di ng swysteeoditheniTiherepH s iTh itien fallofvixrenadsiriptiop) 8\comhinog efesdnesmilifleral or
conprises a plurality of GPS (G obal Positioning System satellites
110, 111, 1tode miassighpdhioothe ipie igleaenissoracogingaets. f ovuck glemenisrpr components

determ natign (hereinafter referred.fo as..'posi,tioni signal ") whj |
rying an. ade BF SRR b fpSiohenth®: AieBRT dhamRy AAFPRAR hgbatth il
ground, andpa,pissgal ity of position information providing apparatuses
100-1 to 100-5 each of which functions as an apparatus for providing
posi tion i nf@36hti on. When each of the position information providing
apparatuses 100-1 to 100-5 is generically described, it will be
referred to as <FH%§TEWQI?WW%EH on providi ng apparatus 100". For

le, th ition inf ' .us_100 be.a 20
Corm nal havi novih tSoled F 51 1. 3Rl iShahepR BRERHE salkth I Yoo €2
a nobi | ¢opPh@Re emBodREARITIIR ;s‘r@srenﬂﬁvéngig% igﬁ’l!‘b@b!&&ﬁﬁ@dpf FRG e amidianesHIQG,

position determ nation apparatus. | ] As used herein, the term
"posi tioning segigatatipposts tlieopesigtre rinfonastiomn psivighag )systemaig. a 'Bpr pagtion
spectrum si gr%al , for exanple, a so-called "GPS si gnzl ". However, the
posi ti oni ng I8figh grovidingRystem; 10icomarizes apiualigpal Sy hd{obal Aloskgrige Sysiem)
follow ng d 4 RtiaN WM 115D on..-on :

IS use as agé;tglg}l{eigilolg’ (]:lyt’efrlrzﬁ ﬁ%l:ﬁ%gcﬁ] g@é@%}h €Q)‘t“gsr g@%@%%é’\é%ﬁgﬁdgﬁegﬁwg&
the present (hepolgdfer Eoferted 1alas CpcaRPdhingatine!"s @hikflyiag hesn safugt bf ivubasad,
position determ nation system (such as the Gl i?/eo or the QZSS

(Quasi - Zéni theusadekin flemSyhst @rgund, [od37|Ple@Epr ok pasive  ingrpeivne providing

frequency of _th 0Sid i oni si gnal y. be. 1575. 42 . For .exanpl.e
= pr oad ng PYEIRERLYOLF 10 BERT vy Tiognin i g B forgharfRE Poyifon
this case, amibieMERNCWNAA chdlCoP ORI bbARINNBISHhERSM paﬁm@%?ﬁﬂ&aéestmm_ to
that of a C A (Coarse and Acquisition) signal in an existing GP S Li
band. Thus, 180-5riegtaeeinallyofiesanibedxitswillnige mdsreti torusigesiignatformaten pioviling
circuit (e.g., UPS signal receiving circuit) can be diverted, so 5
that it becdRR&EWH b ¥oreEgample.dif Pargpdeiopnaivm nae BaHE ePrRsFrtyy imay ks 2
appar at 1 j . Lt koni i | \ i
appar 21 4, 1905l LERS) YEMORATPLARN DS A08) ucl) ol ARG
new har dwar @ofdblEdat havigi08 §isteler ARG IAdHABLBYY Hdstidal deftBiinReor apgithat.ed
with a 1.023 MHz rectangul ar wave. In 10 this case, for exanple, if a
dat a channell0G3hkreof is the sane as that of a positioning signal
which is newWy planped to . be transmtted in, the Li, band,.a user,can
recei ve the poé’Fst‘}SB‘ﬂﬁ?{f;mstPﬁ Hefiopug ?1%‘132@?8%“08%‘5‘58?18“&“ TERH ey @
and processigng,{ hecneysibhap B Qz&ﬁipl A shIiSaerds @dnalne 86T @NEE béditioni
wave is pr e?@?%b yc 1. OSQIEEM-IZ A reéatfer?cy for t éen m)dﬁllroat%o’n rrgy "be B
set by tfadeigadlfis wéttlimisdas teabPS sigwdl at ARioulzh theafotlbwing glesonipiod ailbbedade
wth
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 transmitter 120 is nmounted on the UPS
satellite 110 to emt a positioning signal. Further, a transmtter
(121, 122, 123) simlar to the transmtter 120 is nounted on each of
the UPS satellites 111, 112, 113. 20 [0040] Each of the position
i nformation providing apparatuses 100-2, 100-3, 100-4 having the sane

function as thai of the position informatiqn providi ngq a%sar at.us .
100-1 i s usEBMPi%edcprsaning fl"&é%&cﬁfd?f thih @patigning %‘g’éﬂlfm% {023 MHzqi g this

t
aroa. as deobtibixduetect B3 cByfihipe afhruilodts RMAARKAIIER, FORRE B0
transm tter A2Q@iton) Ssigal 3¢ Radediging GBS ILINGak. tTes, 1§tfrcfnk~9@i ofant Bfisting

bui l ding 130. The position informati Or(‘al})r ovi di ng apparatus 100-4 is
oper abl e t opeséisaingsignabstiving nirenit ©iggr(alS &gnal resdivingonncuitecahn g laverted, so

t t 200-1. In th , t tt 2
2003 o abRRRHBEOTE BERPE Gt br Beciosiin SR iprapPPABESS TR 0 i
bui | di ng 1

200-3 19 oy SEe P e ey RSk PR TR T od e

i denti fyi ngﬁ&n-enmaﬁtabﬁtaﬂmﬁg\ah@seaﬁﬂdaaarectﬁrcﬁlhe i ndoor transmtter, as
described later. [0042] In the underground shopping area, a pIurallty

of i ndoor tﬁﬂﬁﬁl&]mtters 200-4 to 200-6 5 are attached on a ceiling

t hereof. The tion Lnfor t 0 0 t 100-5 s

opor abl & to-r L8 PRTPHRTEPL G S LS Bo P M detoeale” ppee. In
i ndoor {q angy LiLks: SRR, 9 @l%nfonel fhel'-éagﬁ @S fne £G4 2L [pbkiﬁo iH%rQn@ﬁal

transmitters 200-4 t 06 is aso opera to transmt therefr

i nf or mat i onwhioki isdies@cplayned debe irdngsig:ddn terIslt iznt of dsencah ee@ivieale g@fsitiohing
i ndoor transmtter, as described l'ater. 10[0043] Al ternativel

for exanpl esigng! @élﬁguagtﬁcawroﬁﬁm’@ly qfereéfrmpw@é Rrecesiine Heanavo £85I @éﬁer

204 t h d .sh h

he | oo Bl B YRC-SHBRS! SHBE 5 OB FOEF 2RE°, AIRCARRD B e

t her ef rom i gledilit{onGRdy et B QARBILE Qaﬂh @,ﬁe%ﬁﬁll @?mﬂm foba@Mihd i tr@ick Qfth
., I'n

| ocation of the indoor transmtter : ormation for indirectly
i dent i f14 ngothaBiganlsi nst al | ati on Iocatl on of the indoor transmtter),

i nst ead Ofe®8 dgnstallation | ocation itself of the indoor transmtter,
as descri b4t er Further, the position information providing

appar atus 100-z dﬁ% Ymfr ¢80 'ﬂ&{n‘%&i nglfth%% ?d?ﬂht%?lgbrtg & OJJ osmomng signal.

position-rel ate For mat | on equi valent to t enti

i nf or mat i orFurther, henéoictat (1281 2L lménmlaatcathbaﬁﬂsnsmauzoﬁs ﬁl@ﬁntadhdn @ach of
network (e.qg., mobi | e phone network). In the building 130, the

confi gur at i'gﬁGfﬁ saigditsdd1t1d2sHAd an i nquiry about position-rel ated

i nfor naid on[ob%la | 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 penetrafe, 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 to 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 § ndooy EPeURf et eratpadr e 1Sty et ihectn Sur Giop Gigon
to a val ue %9§§hx58r@&mEﬁﬁ§aghéﬁﬂ di@ or regulations for regulating
the use of radio waves, such as the Radio Law in Japan, so that

speci fic auf@e] zation to the installation becones 30 unnecessary.

[ 0045] In the first enbodinent, a clock |inme of each of the
i ndoor transni th gesugeground zbepring 2en-plyralithef infers dransmitiees A0P1Acie200-6

200- 4, 200-5 0Q- t he.cl ogck ti will.hereinatter be.referred .
2s " gr ound BIFGERTER 03 Ceilfig B0 Y PR n DR G PR ngpgparatis 106% is
satellites it 3 j ' i :
referred t oq)%% ab'l%got]rgf I iet]aél?ocS ftgoé%ggs?%gl' ?hﬁg%ﬁ%%rgiacn%\%ﬂpﬂé% g{eag?ﬂ tg(?l Elj(ielg%rhs%o-4
ot her, i.e. to 2ie6.griaulid cadepedch toff ke iadubr tiarsnsiaére 200-Hao QDO-6Ks hlstrepearside to
not required to be synchronized with each ot her. However, the )
satel lite claesaittherebonfinfprpatiopdrichiresily iderttyiag an pstpllptiaadogasiopef the indoor
synchroni zeg_ W t.R eag{% olbhg[?‘.t Thus, each of the satellite clock tines
i s control | B Ln? U & Dck mounted on a respective one of the
GPS 10 ggt el[dd4§fs. According to need, the ground clock tinmes as the
clock tinmes of the indoor transmtters 200-1, 200-2, 200-3 or the

i ndoor transm tAlermti?dg-fé; ex20pld a cAffizubativaymayebepensfleyedlih which a local server
synchroni zed wi th each other. [0046] A. spread spectrum signal to be
emtted as &%hudnsalisaimhgheqngarground shorpingires apthine pach pling fdpprdransigitters
t he UPS sat ' i s:49en t . i i ' :
W th & PRU (R GRS HIBARE S L RR L Bt Mo AR A AERRANA wit
i ncl udes cl agkastallindadation Of e tinddot RansakitteR iaL, iARdiAatAdol BHRGAD edehtfying
correction data. Each of the transmtters 120 to 123 al so hol ds data
( PRN- | D18 | Daminstallationi legalipn pirhe indeon rdngmiigr) instead efrigmstaliatior loegion diself of

123) itself . the UPS satellite, ti t mtt 120 to ...
13). 20 [ BRI ABEEn Y SRR b T3FB0r o e PR roKidioe
data and a GodRHENLLREY bb AbnSRRRS BlATnRIoRLHY Shirk holod KPAS ibmation

pseudo random nol se co e position in t1on providing

appar at us 16ghivaieno pethaidestificationdsfoonsonf © thebealvicngr 209 omid base staigon 202

signal, to performan after-nmentioned denodul ati on_processi ng, using
11

a code patt 8hadietEorsEgdonole Bimsnichsisk dpdbe bpdénad 3Pathgoienfigratio
code paﬁzbef Qéapgeﬁft'g%ggfg F{l\";}éq%g&gﬁogﬁtcﬁ('ﬁ,}’t%n% te8figfo*r}ﬁat}o&la{asﬁ&c£1esfg§ve9fma&%ee

satellit{és or S e I ndoor transmtters, t
identify fre@ployed.
[0044]

In cases where a plurality of indoor transmitters are instailed in the same floor as in an
underground shopping area, 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

10 a value equal to or less 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 exi stl ng UPS. [0048]
[ Transmi tt ef00¢BlNt ed on UPS Satellite] A confl guration of a

transmtter to.b don UPS ate known

only the outli rlﬂeﬁ’(?gb %{ E%IH’F’P E’n’: e fttﬁ%’\rﬂ?@ﬂ?rtt{a@’?m%{fmogg 2910’2
the' UPS sal shd-s be i ﬂnho&eira%ﬁﬁﬁ{efsbﬁfé zbﬁﬂo@yy z&@er(mefclacﬁaw AP LLLERS be
120, 121, 122, 123 conprises an atom’c cl 6ck, storage device for
storing t hereéamddaha"grmd@hmk tikreet Yoand i dlasititime & emlmf&ﬁesGB@ sateltieeill0,f1ot,
generating aggom tioni n signal , an encoding circuit for subjecting

the signal 4Faddadiea cw tn@‘mllol&eé@safwg be irefeed tor a5 "§§?‘@f§0°1%¢[3e ¢0ppay be

encodi ng, an ni n ant nna. st or. Vi C

Cherel n'a ndyrBabBAT bk RcRhaRad Shrk Raf g J el ffok e no
of a respec Mﬁecptaeoeoi E}li}smk&%ﬁeteséﬂ bth&S el @NARRARIHE cloOK 'Exﬁfé& 'oP'Ehe
data, and a PRN-ID. The processing circuit Is operabl

gener at e anGbftsgellitey areasmé to bs synghrohiaedkwith eeehiotfenr rfEitus,onclh oDite t;zheihte
atom c clock, and the data stored in the storage device. 15[005011

In the tran%]ﬁ?li times is) oqutroded) by ana@tq:;@ém rig fbp Jespe@iye qpatafdhe) GPS

for the ec encodln

transm 18 or SER & AGDIE e nt el (R 356 "0 gk gmep af s o
di fferent Oﬂaxﬁnﬁtfeﬁﬁsm ltmO'i)ﬁ(}bfﬁ&siﬁbtlﬁcﬁfor lﬂ%ﬁdnﬁﬁéﬂs 2804, 900-8, £30% may be
satellite-by-UPS satellite basis). The encoding circuit is operable

t o spect r unprsfsrabiosynchra@izedneitinessb ader.usi ng t he above pseudo random
noi se code E@ﬁ% of the transmtters 120 to 123 is operable to convert
t he encoded nal into a high-frequency signal and emt the

conyert o3 = Il iEB.CHSRugBEGg 1 o LR BT S5HAD. BMTIN 05
spread spectrinsmitiers 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 pattem which is liable to

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 remaining
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 transnmtted by a carrier
wave, for examl call.ed "Li band". For exanple, each of the
transmtter §‘gg§(?,?ﬂfﬂ}s“§%§? 123 may be 30 configured to enit a

posi ti oni ng [@64@ al having the sane frequency according to a

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

posi tioning si gMahsnitesMsmttd &OGPESmeliiieg satel lites are received by a
sanme one (e.g., 100-1) of the position information providin

appar at uses, t heyorfigyragion of @ciransanitigr ttp bgtmemiesi enya iGRSesatadlite e avelli kngwn,
each ot her. 005 n out.door, area, .the .positi i nf ormation.
o ovi di ng. i Qrgshe et o/ e R ionPE e HeRaNER IRt b GRS seili
| DT OF TR T O wyift YE HesBeibdd tofdh. { Y446 oftht RMHAE 180421 23] 1051clBrises an atomic
t hereof, by sinultaneously receiving the positironi'ng signa romthe
four satell iclce,a d@fde2evit® for st tiskréin daa pdisdstitlant cigenit] gmatesting oirduitefor

indoor transmtter on the ground, each of the signals fromthe
plurality oEcRosiwer nosiAsing sigapls aw gerogiag caewt (s quiipeting tite vgnad gengrated by
interferencg wWith the renminin ignals, in.the sane manner as that

i n the signiiSSPRFEERATERE S sBfed SECEYRLPAPHRE, DB ot U, The
Confi gungt i gfarfk dbvieOQbred fHRRHM hﬁ\ﬁgiaﬁ%ﬁ Qie%gage incluWﬂgQgﬁ&ﬁ&fs%fé,ealhﬁnﬁ ata
2, the indoor transmtter 200-1 wiTl be deScribed™below. FIG 2 1s a
bl ock di agr afra stspastingoree didredHRS extellited aglinadsplaicabrrediion idatd camd a PRN-ID.
transmtter 200-1. [0055] The indoor transmtter 200-1 conprises a
radio (w rel[@ﬁgj interface (hereinafter 20 referred to as "radio

|/ F") 210, a digi CESSi n | 4 referenc | ock. .

i nput / out put b@&i"?‘%ﬁ%@ E é%P?éag’gelr(tPéﬁg?%‘?&E%@S% Hesteg Pipgclqekgme
bl ock™) 230 jEh@eibh &8l the KORARRISRIaridahe B SbQH idthe BloREe &R0 bl ock
240 and for supplying a reference clock for an operation of each
circuit 18ec{®®M] an anal og processing bl ock 250 electrically

connect ed 10 e o g1 Lak, BY PRSI0 PLICK, 2400 A 2D RATRY: 2094

spectrum encoding is pre-defined on a 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 spectrun-spreading
20  the message using the above pseudo random noise code. Each of the transmitters 120 to
123 is operable to 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 transmitters.  The
"causing no harmful interference” can be guaranteed by an output level limited to an extent
causing no interference. Alternatively, 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 nmay be incorporated in the indoor transmtter 200-1,
or the indoor 30 transmitter 200-1 rmay be configured to receive a
supply of electric power fromthe outsid - 16 - 005' 7] (Radio .
Conmuni cat i oRT %ﬂf%&&@eﬁommmqﬂﬁen SERANS | ﬁ‘h“%z Ryen df FESpegiiv Pesifiomng signals

conmmuni cat i %n%;ﬁ&t?{l TERGE theARELIAES LINEL D (J:Iafg %éu}‘g@ oftl! gé?%.t ?Mlgjgo%@x%'&%n

and recei ve an necessary, transmtt out etti

par anet er ariifoamtiodgiravitiag bppandises, thdyCeah bk revalved witheut@ubshdiaterfasence with
near-field communi cation, such as Bluetooth (trademark), or radio
communi cat | ;g otBereh as PHS (Personal Handy- phone systen) or a mobile
phone networﬂé 0058] Based on the radio I/F 210, the indoor
transmtter 1 is allowed to change a setting 10 paraneter, such

as position datg e(nd%ggci{)rhﬁj%agﬁi?i ¥&itlh iﬁfbnhg%}n?#ﬂoﬁhin%;‘ap:pﬁgg%irl‘aﬂ-loéanta)"?ain

i ndoor transmtter e transmtt omt

transmtter tR@e-dinensionslngisigien finformation, sehas 4 dattalRe aVibidimde dhd herattude,
conmmuni cation schene, even after it is installed on a ceiling or the
li ke in an ithdedsbasimyltaeoshojeceling thetpositipring sigpaboliiorshe four sate]lges.

pr esupposed Q& an interface is a wireless type. Alternatively, in
cases where (8934 red interface i s advantageous even in consideration

of time/{gabor fRrredid i j al Latd b bk | '%yhﬁhi
etc, theO?nterH%é?*ﬁ%?nﬁgkgﬁg??5%5?333%mf%g%o?§%§%E?%F§§? rocggg?%%me

Bl ock) The diggpalsafromr deeghiraity if oimdodt4 Gassntifers seas : ba rpgeded sehow? 4dausing
which is Opeill;t%g'!er%ﬁce 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/F") 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 anfenna (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 pofential 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 nounted on the 25 processor 241;
an EEPROM (El ectronically Erasabl e Programmabl e Read-Only Menory) 243
for storing 5 ein a setting paraneter and others as a part of data
fromthe raoll P 210; a field programmabl e gate array (hereinafter

referred to as (REREA OmmatRcABh GllertRe0Per abl e, under control of the
processor 241; to generate a baseband signal to be sent out fromthe

i ndoor transm tTler ra2dOVH ;218ns RERROMwarbiksf)oconghwticarign tiltesfaienafd dewgned to
of the 30 FPGA 245, as a part of the data fromthe radio |I/F 210; and
a di gi t al / arf8seét Bowieanal epmmand; and reasive @ndaif praessart dpnwrt dage akout psgiting
converter.") 247 ich,is operable.to convert the baseband.signal

out put frsomﬂaﬁ%ael\{fmrgG&n%4§, Pf)orgfa&n aﬁuﬁw eOgeci)grf%\ ,toan_ egplﬂg}gd?’hg’yaﬁlg?ré%ﬂd
signal to trt%nﬁ}i_iﬁicﬁﬂoﬂ?'sﬁ&l(aszﬁﬂxetc{oﬁpﬁﬂaheéﬁm,eor%ﬁﬁﬁ'cfohﬁﬁinlc\étioﬂsf‘ﬁ;ch as PHS
digital processing block 240 is contigured 'to generate data which is
a source of (RersomyhHbndyephoee $yseeng ot & dilaghame peisiotl. oni ng si gnal from

the indoor transmtter 200-1. Further, the digital processing bl ock
240 is confil§¥¥8d to send out the generated data to the anal og

processing blo 250 jn the f.a bit str 0062 t hough .
not particul ar F%aSF‘??ﬁI P:g&ac{}%l/{: %imft%f ]Ing'\)/ﬁrr%afls?lgrgra@ é%‘ﬁlaﬁ?‘l(ﬁégﬁhange a%&tmg
?EPI |E ESE%‘Q” AlaniRes ucfé @% bbﬁti{dﬁ% Gﬁa iélgigﬁmfel (lgﬂm@'htgam@?g@tmi&{ 6f @6 ihddor
e is loaded on the . Information (bit stream
data) of t hdrahimitea?a®-Hriope aansnsttédofache theandaor drandmigen280+1oor changer rmware
conposed of an SRAM (S{hati‘?f Random Access Menory) 246 w t hi he FPGA
245. | ndi vi d0&F fbFape it 6 CIepC oMl fcheme.cyin aligrdt s gpstabied gaa 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 wiringfinstallation 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 therein 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

e e et e YOB PHSRESA% S 5 pPESHE i SRR
dat a storedgiQit P ; i

SRAM 246 (r sie %lt@%“ggﬁ“’ﬁt Eﬁ%%@&@@‘%ﬁ@%ﬁﬁ%% iy Yt dhalo Siggrgl foythe
i ndoor trananalbg block22Al 1. [ 0064] 251) Pseudo Random Noi se Code (PRN

code) 2) Transmtter ID 3) Position Identification Data 4) Broadcast
Noti fi cati of0d6d1 a (Each of the data 3 and 4 is formed in a
format conpatihl.e with.the pavi.gati on 30 ssage.f.romt he ,satellite
0 LormeSor hanti eearedl, BRdiei e na ERre i 14 fiigte 8! Rigrate tata
"posi tion i deati £ C@Rﬁéarbfdfg- nal 39 e EARemiRE O 3L G 35 BAiNE: sl ghal 108 tﬁémi'
wi |l be descri belé al ater. 5 l%mgi tale fifntner sel Zp?t]ilon efrggmet er OO6§J '
5The FPGA 24&ndnsitte@0alb| Furthasthe divitak frecdsi:; blode 240 Rreelfiguied loselERRES
243, to subject a signal having an after-nentioned format to a
spect r um s peeRemtphdats odbasaalng proxessing oaki258 i the fornhed alNUee may be
stored in aﬁ@q@ﬁad out fromthe EEPROM 243, or the PRN code may be
generated i | time by a PRN generator conprising a register.
[0066] 19A pr og(ialhfiPhot dAficBRAY HnkiRA 19 the! BRRIBCRT SAmmA4 lugoRl aBpiRQtion of
pre-stored in %lf;e E%{I;R(b\%aﬂw y ol o 0HoWhi; A upbfl afpRftion o
: power to the FPGA 245, the firmware program stored in the EEPROM 244 is loaded on

the FPGA 245. Infogmation (bit stream data) of the firmware program is 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 ID
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 nmay be a
type capable, at |east, of holding data in a nonvol atile manner.
Further, in cases where data _is input fromoutside as described

| ater, the storl4ge padition ddastificasionadaty/pand: disa bpreadepst spatidispting dafea wilh be
be witten ther.gi .. A data structure of data to be stored in the
EEPROM 243 ﬂfﬁcfl fi.f}(r;lm(%scri bed | ater. [0068] 20(Anal og Processing

Bl ock) The anaj ogsil ARESSAhYPekete250 is configured to nodul ate
a 1.57542 GHz carrier wave using the bit streamdata output fromthe
di gital prof®#$s] ng bl ock 240, to generate a transmtter signal, and
send out the transmtter signal to the antenna. The signal_is emtted

from t he? ant end&¢ F¥60do opsrables prsed op éhig PR cadesstgred i dier BERRGM A3, to

the D/ A converter 247.0f. th i.gital ing. block 240. | .

up- conver t ebtiyT & et MRk &F eBitaedionk] BERAT} By ek Ank Bogpsing, A
up- conver t ed,1aé AR ofithe PRIGICY&Ee fnbP Bl SOfM 1P BtFreh® o TRIn fHe FEPRUM 208 R the
band- pass filter (BPF) 253 and an anplifier 254, the anplified signal

i S up- convePRid:obey may beigenemitedan el 1130 b B FPRAygeineratof hemprisuig aregiatepar t
of the up-converted signal in a given frequency band is extracted by
a SAW(Suer@éﬂAcousti c Wave) filter, the extracted signal is

convert into . Si A . ] | L] VA

Cart abl 0t { endopSpaBEtr 1R Holiin BF AT ELHLE 91 LA GIAL Srddin e ERPROM
i's sent out 243 oMigoRQcanien B8 thel I80R liraBAni@b0ZU0- 1, Qkis Pesrdnh is REJ out from the
up-converter 252 and the up-converter 255 is generated by nultiplying

t he cl ock sHBBROMIZ243asdhttahsienrest ot RAM248ck 110 bl ock 230 to the FPGA
245, thr OUQIbe%—,r]m” 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 capable 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 DJA 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

conpatible with the i tionin 15. sj,gnal..froma satellife, in terns
o o posi £ SR RN, O e ol Rl P s et e S e il
fromthe in ; ! 200 : LS arPRE

signal is n%%gélxﬂaagl?lgé %@gﬁﬁég?u%g SI'H}%% Q}/%Lcal%%?%m%h&tg E?a%gfom ti %)\tr}l‘?crlllgzs&
si gnal em t taedtheobtiidet gigadltiedeht die frofdthe exairal e of the structure of

the signal to be emtted fromthe indoor transmtter 200-1 will be
described |1 &P (FIG 5). 20[0073] In the above description, the

FPGA 245.i s use S rocessing unit f achjieving a digital signal
bt ocesst Rg i n- chaltak S 55 15t B et st 2iaASbE UarPafiet Brb i et oy
ot her sui t ablgidyiRg tf RkARBHIR by Bel refEdhoD ot B8 blask 110G RSFPEAIAS,
capabl e of changing a function of a radio (wWwreless) unit by neans o
sof tware. 2%fr0aehd multiplidr25FEI G 2, a clock signal (C k) is supplied to

t he anal og processing bl ock 250 via the digital processing bl ock 240.
Al ternativell97lthe clock signal may be directly supplied fromthe

reference cl oc 10 bl ock 230 to t anal rocessi-n 0 250 .
0075 301 n ¢ neetieat BReuE ded S F R G SR A h O RE e 658 i
and t he 1gnalggrdMe® 68 Thmeol ‘sigI%Ql from BleQsrbcedn? 281 QiaIROPPGASRAE! atied NF shiddh
the sake of clarifying the illustration. However, in a physical

aspect, t heyS8nisyopsmbli medigtivelyuiegt osigeal sitergite by mepns §00A@]led "PM (Pulse
(Ref erence &léooc 1 /O Block) 5The reference clock 110 block 230 is
configured dé"}ﬁﬁl‘)y a clock signal for governing the operation of
t he digital M@gessi ng bl ock 240 or a clock signal for generating a
carrier wavé, to the digital processing bl ock 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 (Clk) 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 |ink port 220. [0078] Further, in an "external
exer 232 of the ref e clock 1/0 bl ock.

cl ock node", . a tip ren 1

530" 1 oper itk TH)sieBhERT Scphratehe dorilf ST L K POTGREIHS g BER Y, Bipvever,in a
external cl : i : : k signal is

out put fron?gﬁ%ffg %%é%alﬁgg%ggmﬁggpg CF??E?F"%%%%Qﬁd supplied to the
digital prof®ysing bl ock 240 and others, in synchronization with the

external clock. [0079] 20In an "internal clock node", the nultiplexer
232 of the ref éRefereacectloek/QBIogk) ock 230 is operable to select an

LEEEr gaLaﬁLZE‘%Tﬁa‘g?r@%'ree?%i” &1 B0 MeE 2ab b Rt o evBaY 4 Plrgkroiel 1ot
L L . . . . . HP .0 i q
ocked LoOP)frkifislite fﬁgtgtlﬁﬂﬁtﬁé‘&gﬁél%goc%&n%ﬁoc@'ﬂbto?% C@Fgggag%g%gﬁ%g

240 and othérs, 1h syhchronization wth thHe 1 nterna
An i nt er nal astrieew{e, ©.the digitdPlptocesirigrbddck 240gnal ) of the indoor
transmtter nay be nonitored fromthe radio PF 210, based on a signal
out put froml@Hdl processor 241. A digital input/output interface 260

may be configured t,0.accept. an.ipput qof, a . pse r.andom noi se .c
pattern for spll%%-%e&fﬁq :iﬁ?chﬁm E&bﬁ’gﬁe t8 dﬁéer?%?t"rf IFEB%‘:? Fack ﬁ&gbcl?c}(
transm yper 230 i?QRrable Q'subf§ ar@lgékosi%ﬁall_' 1@ Y BBYal RRo e QMY BHELUT Bnd others,
accept an input of additional data tTo be emtted fromthe indoor
transmitter b&e0-ob.a Bowxheriaigl gnat lgiveadtim ao ratendhtackrgyndratal todan txexhal
data (position data), indicative of an installation |ocation of the

i ndoor t r an&¥ficheoaeusdips pert 220, cases where the indoor transnitter 200-1
IS installﬁﬁxhg a comercial area, such as a departnent store,
"adverti senent ] nformation", "traffic information", "weather
Sinformation" amahe) in'di S%3&hHe clodk AhddRt,i DmuitifkeDB3) SiPlE réfdeded feck 1O

i ndoor transmtter 200-1,

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 to the digital processing block 240 and others, in synchronization with the
external clock.
[0079]

20 In an "internal clock mode", the multiplexer 232 of the reference clock VO 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 intemnal state (e.g., 2 "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 spread—modulaﬁng a signal to be emitted from the indoor fransmitter

30 200-1, or the radio U/F 210 may be configured to accept an input of additional data to be

~ 2] -



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 transmtter nanme may further be witten in the EEPROM
243, and then the witten-in PRN-ID and transmtter nanme may be

included in a.posjtioning signal.. T addi ti ona ata .js also witten
e ar ea (REER 1 Tt ERPRRATZE- e éhﬁﬁaﬁ_ﬁ’lleo_ cifigmal sptaqagyginclude
[0082] 15[ D%)ﬁ og{ar ga%gi'ﬁfn? dglfa) bl Atibd 0P Gn ?irlsgilﬁgor% 'i‘oc%ml%ﬁlioor %ml%ftllar
reference to Fli ., a data structure o ata to be stored In the

EEPROM 243 20041, bn elessoshidbetie Bloorank@AB8200-1 is insthiledin 3 ch:imarcihl agh,aith
conceptual Iy showi ng one node of data storage in the EEPROM 20 243
provi ded i nashe depgenentt fteras midvericeey- nformatorr EPRafIc2 agoimdioyd e svegther
plurality of. areas 300,,tq,.350 for storjn ata therein., [0084] . é
Phe. ar ea300nOHApaGHY a1 dRets Gt Gn e iea o6 amt s iepioor BartrePAl
a transrﬁtt%}heggaiﬁgﬁaﬁ e, the transmtter 1D may be a nunerical

p

character and/or an al phabetical 25 character, or a conbination

t hereof, whi[et8l]s witten in a nmenory in a nonvolatile manner during
production of the transmtter. [0085] A PRN-1D of a pseudo random
noi se code assiYheuatpseudoerandom Swisetasde j(BRYt ended phifere He inpueantg 1he injoor

transmtter nane. is.,stored in the area_ 320 in.the f. text dat.a.
sor0086] - #3uemter200EIER nufhendf adRR G SL st b 0T R8ST ghege o
the trangm el al IO LA, inddifertoit alhrdl b DREHO EALLPRONCIBS and
code pattern 1s one selected froma plura I'nite nunber of code
patt erns whitiedn the eripeeisRBRNdDedd transriigerpasietrhorbd intladedaihiagsitionivg digha).
system according to the first enbodi nent, froma_l arge nunber of code
pat t er ns belTé8 @&@@oqahdqtﬁg also written tn an area reserved in the EEPROM 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 in 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 same 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 nunber of indoor transmtters varies dependi ng on

a size of an i rf@Ee FEIdEm Roiss colp Rt atsieard (olba (Tppitienis slotadrin by frea
of tne 1 nstakbal B0 pldBRAn bolE HHBendls oht S9Ededfrof ealbp;ﬁr%gh@g’ number

etc.), so tha er ‘of i ndoor ansntters’i’s 1 ~becone
greater thanftdad paterh WhicAdfe PRE-hRTgNEd tol MMS positiAr BifdrmafoP pfovidild bfsvem
that a plurality of indoor transmtters have the same pseudo random

noi se code Hbcopding &y the first entbodimeat dromanm largestabtiendf onlelpatians belongingmahe
of the indoor transmtters vi ng .t he same, code patter y be set
whil e tak n@amﬁfae%%aﬁﬁ&at %P @F 81 Oéﬂxdaﬁtmmpge balles Pt g suelligpe T,
prevent a plyy gh&é’ r ﬁoxﬂ%“jée' c%ﬂhgs itcth & r%d%'t@@tr&ﬂ%it?&rﬁ? d&?&#‘? om that
random noi se cbde pattern from berng recelived by a sane one of the

posi tion i nfagdigmRl kddhcRbPibk dateltitcappar at uses, at the same tim ng.

20[ 0088] Position data for identifying an installation |ocation

of the indod#087fansmitter 200-1 is stored in the area 340. For
exanple, the pqsition data is expressed as, a conbination of a ..

| ongi tude, a " aktie B eh 46 PaFHOa TRdoTHBOISY FodsclAtems o s aspieRed 191 the pogjfion
t he posihi o ; b i Ll .t
area 3400 | aPRhdtionrdViibe SRS L, Wl B TRTRY of Ry dhiipl s s

i nstal | at i odependinigl @a 6fze tdfami inda@irabsmaifsNinktaBitiod0@eatiogNbiya larudtdrs &lffthe
such as a "conmbination of a latitude, a Ion%i tude and an altitude", a
" conbi nat i ornséllation leeationdthe namberngiflogtseof arhinlding) eyl sothabiie nambey of indoor

bui | di ng", " ' . | atitud it fl nb
o000 T GRBE AP Sheel o Bol SEBAAHE g T
combi nati on p@§si@lit§@]§&t ta'-b@tﬁalit? of fAgb! HABmARE BRe ﬁlé&aﬁx@%_@eud@'i‘éhdbﬂ%o%i code
addr ess/ bui I'di ng 30nane”, will be referred to collectively as

"positida i getdrnf i knahis oasedat mstallFiontldvation dixtash of B8 indoor mahismitersievofy the
i nformati on ot her_ than the Eosi tion identification data, such_as the .
af or ement i offEEe <ol RAMESBAR AE SHAYElentapg ipto acqopny 3 signal Uiy  fhymakes it

posoce o A gL 4l B e o B o i

"broadcast redd piteal tom i receivbd B8 A same onEhef tﬂ@?bﬁi'ti@m information providing
identification data is stored in the area 340, and the broadcast

noti fi cat i olpepaateses.at Segrmetining he area 350. Each of the PRN-ID,
the co ni i&?é n transmtter nane, the pseudo noi se code pattern,

t he positTio <§ ntification data and the broadcast notification data

can be changed plQiibR ah ?&ridflgigﬂn% E;gﬂ%taﬁmaﬁqmﬁwﬁf%e%ao} {rﬁmgnﬁ%r 200-1 is

menti oned above. I n particu roadcast notification data i s
changed or ikl iadhegen B0 e For Exampl dgoRition date ds@Grestedra’ atdombinadesf a
transmtter 200-1 is installed in a departnment store, advertisenent

data may be lgigifude, pdntiturls and ge altitideanbaddition to goinplasg ohthe gpation fape mail
(Data st r uc PP EiRE TR ke FuRL it RO PG oA g8 PRl R, 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 thereon, for exanple, an Ll-band C/ A code, will be
descri bed. 20[0091] ( L1C/ A-Conpati ble Signal) Wth reference to
FIG 4, a positioning signal to be transmtted fromthe transmtter
of the satellite wil] be described. [0092] 25FI G, 4_is.a diagram
showi ng a sth{’J‘E*Et’tYFeoéfmﬁ“E%“-"Baﬂ € %&elpg“%‘ﬂ‘alld%@“ ‘l?nbgatévms‘ﬂctheas the
from the tr amsahbl@hePRRLACM: itGnB5 S & okt ifrolhe Sheffl: idiinitin
conprised of five SUb- franes each consrsti ng o pi t's, 1.e.,
sub-frames Sh@/ok odifefer infhtthalioh’; fo B EBadedded 1§y hdhdabetriepe®dr eflilybe referred
transmtted by the transmtter. In this exanple, each of the
sub-franes 300s thsoBEst saifsrdasdagd”. 300 bits, and is transnitted at a
bit rate of @889 O 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-franes 0 JORNE tkal l: 1 0 r

cont ent and rernBor Ry, RaRRCER hEL b SR Rl L FROC AP e proglens
of the cont afutificdiion d&aicidrad Bcthé &reg34d. ed "page”, and each of the 4th
and 5th sub-frames consists of 25 pages. 5[ 0093 The 1st .
sub-frame 510 ciashroldhe PRNIIEL he commnsipdion toapamiiendame.1the ps@@opioise code
clock tinme information.513, d.240-bit sage data 513. Mre

Spec f1 cal | yPAHETonE povioR MeHoREG Sat k8 D afiae! TRABER N SEld e g changed
i nf or matjinon i : : - for hSa O

sub- 1 ang | OHLIEE Qb hais VR, &Rt it S, IR BERL i, uffodcast
di sti ngui shinogfitdtien Idata Buthahigedn®r Gpdaradt dsendedetni Fongxaniple,f hacmes widre the
nmessage data 513 includes a UPS week nunber, clock infornmation,

heal t h i nf oripdaor disnsmisen 2@0hk iGPstalied & pjdepartiagnpstorg cadyersiggment data may be

I nformation g%)ecr)l% ti}qudo%rp Ss%%i fl:rI jOb?l b)l zgloc%%lations manager, as on¢ 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
L1-band C/A code, will be described.

20 [0091]

{ L1C/A-Compatible Signal)

With reference to FIG. 4, a positioning signal to be transmitted 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 transmitier. 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 time 15 information 522, and 240-bit nessage data 523.
The clock tinme informati on 522 has the sane structure as that of the
clock information 512 in the 1st sub-frane 510. The nessage data 523
i ncl udes an epheneris. The epheneris (broadcast epheneris) neans
orbit information about a satellite emtting a positioning signal.
The epheneris is highly-accurate_informatio jch is sucgessively .
updat ed by caenichi $3F13 (OF 48 98 B étausugaﬂ‘%aﬁgpﬁgé%wgm% &placRg with

satellite. T, = fo 1 a t

That of thardnd g sk b WE ARl BERSMIBGRE Bal SH4EE i
conpri ses g 8@1dldced iRBERAMpagV eitiicardh B3 the 2h3IdHth s6-AeKed tdiBists of 25
informati on 532, and 240-bit nmessage data 533. The clock tinme

i nformati opagB8. 532 has the sane structure as that of the clock

i nf orma iOE %éﬁ in the 1st sub-frane 510. The nessage data 533

i ncl uded t K¥%bheneri s. [ 0096] The 4th sub-franme 540 conprises

30-bit t . Q. LBy kN QLR
2nd 240- bi 1 manea Sl EaeE v e At el iR 810, 2R TR AR,
30513, 523 nfoddtioh A 3RS 296-bilainassade’ dutaCh 1ude M@k NpBascdlNf edTelobleNime

sunmmary of satellite - 25 - health information, ionospheric delay
i nf or mat i omformratiom 1 LitClydEodpck tine evfotsmitivarasqiirediwheh thealshvelt-ame 510 1s

0097] The 5th sub-frane, 550 c rises a_ 30-hj.t.transpqrt .overhead
E=,51, ll 30- BFeraiedy cauds 3 rﬁ@bgramﬁfﬁ?r-mnaﬁeoﬁubsﬁarpe ghdwzab-l%ﬁpﬁmgdw hifer
553. T t 3. NAEG.: I LO
of “sat of) | ERRRREHRE' e 18- Sub Mt hy O ROR S B, BB 3.

conposed OfincRRlePAUERS WER Rirbod N Elodb G¥Rrflitiohe heth inyR@atie about the GPS
information are defined in each page. The al manac information is

i ndi cat i ve satlliteesibis atdwasy dufameation mbout shedfPS satell@RS satel lite and al |
t he remi ni@)% GPS satellites. After the transm ssion of the 10
sub-franes (98] to 550 is repeated 25 tines, the nessage data is

returned to t a i i (sTcr] :
10008]  rhaeaid pafne SR SRR ALAR! bl 21, AS0RR i,
transmist etfforkdfion 322, ,and 220-biteesab €ata 503 f r Bisetochltind mfdv@ti@r §22 has the
received by the position information providing 15 apparatus 100, a
posi tion ofamhatrdsp tasothat af Senelesloin pmwpaiﬁig iappariat eeb-rove 540. The
cal cul at ed based .on i.nt.enance/ panage t i.nformation included,in
cach of  t nERSPER T8 S UL AT FPRTHH Ry 3% SPARGER PG PP L) Bitans
512 to 552 o idff¥allEe SB0% HahRllRd 3nlifing 5B pobifO9R 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 information, summary of satellite
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In the above exanple, each of the sub-franes 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-franes 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 hagkhiinfammhtian,zioneoidricadedayi infamptioataad s TE (S eondivhid idiivasl
The z-count_jis data equivalent to a clock 25 tinme code (o' clock,
mnute, sechftf) PAYRYE he HONis data for shifting to a P code. [0100]
(Structure ghohMES Signal) A signal to be transmtted fromthe

i ndoor transm 1]t er 200-1 (I MES (I ndoor MEssaging Systen) signal) wll

be descri bed behsih s@frdD330 condRises a 30-bit ThRpPRSVdrhaad S5Nf 030Gt £10¢k time
provi di ng system according to the present invention is designed to

install San ihf@gimﬁ?ont%amﬁiwﬂéﬁt Ihf;ssgt’,Id_@taaﬁSBpnIhfsmcssa@sdaWﬁﬂriddodesahmm,ac
1 Sy bbbt RESATLTR, Shil R 2L 8 s
o T acor VRO ot 0% s, BrbBRRE AR RGP R AL ARB MR dtfed

system can jaGhtieyaePOThd hlfanste infirtiafiod iOMdictiveNcfOREpeait @idisd QPbitssfaRs
by nmodifying only software, while diverting a UPS receiver chip

(posi ti oni NgPSisgebite mpe eillv thegreimaomog MY sathllitds. hadienlthe ddysibeson of the
nount ed, .on an .exi stj hil e phone,. without 10mqdi ficatign. [0103]
A navi gt i o%#g-r#ég’géétd]%u%rlﬁ ﬁ‘i?&gté‘g Zgwsadggmﬁa?ﬁ%ﬂwme&ﬁa@q t page,
repeatedly ok $ 85k . y low transm ssion rate of 50
bps, and inéll??]%%?%lﬁfow nB"‘??@?%‘g or%rréx[alt: 300 bits/sub-frane, and 5

sub-franmes RO} pages, as nmentioned above. 15[ 0104] Al t hough
standardi zation in hardware of a receiver to facilitate

st andar di zat i oRhchuibensies A0 ta/PS0 sregsanismifted ronupshseliiha traharittersd 28bBle
advant age, erg,is.a prable at. .t _takes toq, nmuch. ti. until a...
dser acau 122 pILeR 15 RE R SRR T S g B ok Banop fiting
fixed fgr ”?aﬁ)pzﬁ'ﬁtﬁ g0, YPesifidD8he P§siﬁ§ﬁﬂf&hﬁ%"ﬁroﬂ8ﬂh% thP100 is calcylated
Moreover, if a signal "20 conpatible wth the positroning signal wth

the fixed ftasedabonf meimdnhecsminagdndne informaibuh, iwchided nBirichdhalolf ethe otramsport
of a nessage wil| be restricted. Thus, in cases where this_systemis

used as an YW1 topredpekiime mdgrpation HlisioRpF pndibe mepragedatdl 34 353.
anount of i[@é&@)’] 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
preanble and a parity bit is sinply enployed, and a bit sequence .
havi ng t he sanghgaadsition iaforpetioat pretidingpsisemmaccarding: 1 theapigpaat dpierntiore is

parity bit ags.that contingently a ars at a. wron osition in .
Prame, it i Sosignedin BR300 GapPRRE! R befiotugioR ol Bhimatt i bt s
and correct jaRsilt foph BbQﬁ&ﬁﬂ?ﬁl\%ﬁDﬁbxﬁ S ordYZSS sAUIe W Hpeab@se,isD 1t a user is
user's termnal. [0106] tification of position information
duri ng ener ghmnesd wessalgsshgadgsire pepitianadfcrmativenie iaddoer ginl deédpoe ereas, using the
accuracy. In a CDVA (Code Division Miultiple Access) system under a
5 condi t P on SEMRIecHVIaE fermptabasthalifey fbe CPOORBESE ratio is not obtai ned
for a desi rﬁ(ﬁ ?ignal , 1.e., due to a so-called "near-far probleni,
si gnal capt rg racking is likely to performusing an erroneous PRN
code. Speci fi catbYsystdhhi b AchidveNsitioh Merrmidiah Jin fih@Wy tAE dudiiRP areas by
transmitter and a positioning signal froma satellite are
di sti ngui shendffyiagoslychitetrbewhilkadiedtinna GHE receRBINhipPesitiodiligsignal Secaiving
possibility that the satellite positioning signal is erroneously 10
capt ured bafeat-sd) t\Hactpirs @baulyr beent ﬁ@um%@nsiagn%ﬂlﬁnnarmﬁlnb gheRa without
from th‘joi nd%gr d r.a}lnsrri tter is erroneously captured based on the PRN
code for -t h& g‘{g'i“fl'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 time required for
acqui ri ng posi tA eavigaifonr matshgm sumrilipesidyon @ SP§npdsitioamigl sigiah ds aesmatedly
15[ 0107] I n the present f'[ynventi on, with a_viewto achjevyi (}%ﬁa

ng fixed

reduct i on i HHEYSe AcGlerli o TanseissieRder oA OdiPst idinphe fllpW

dependi ng Oﬁ)r&ﬁ{?ﬁpébﬁs?ﬁﬁ% , stuﬁl}gan?eg§%5:¥§gesogs rgé fndflpo@P! |11y
requi red for notiftication of positiron infor on during energency
messagi ng, Woke nmai ntai ning standardi zation between an | MES si gnal

and a (LIPS signal to a 20 nmaxinum extent, the follow ng signal =
structure is ugétongl sepdardirgtion singhatiwark0afpg] receiveriip fe istindardization
with Positipning Si frqgm Posj t.i oni atel lit e.g,, GPS d
S gnal ) 1 n Srheihan SR yapd ot R stmef e diesPev i isc Lot & mphiem tht
software f o tfkes @ ihch tAre ﬁ{t@ﬁ%ﬁ'a@%ﬁreb odifori ARk fleLread BPL Rl hZE if
signal specifications and nessage specifications. A high-frequency
char act er i sthechxeBFomiut o dieeGPS tigagl 1o fusddneitiduyhfsdHicgtial. , Muorebvar, RRR signal
code sequence for the I MES signal, are standardized with those of a
posi t i oAP ngcampptikle Wity thepopitianng signalgvish the) fixed doqmat grom apsateltife is used, a
signal). As, for. ssage structure,. .one wor nsi.sts of .30 hbits .
and an’ & br eradT ARG E! UG Fay RS HPEE, PSRkl WP Bl blasmy i
are 30 provigdads s advehRAE ntididn, rEATRioRNHiIPbe ithpb&idlon@R AmBhni @R GlloWRtiehn,
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, if 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 same algorithmas that of the
UPS C/ A signal is used. [0109] Thus, nore generally, the term "word"
means a transm ssion unit of data to be 5 subjected to error
detection. The term"frame" nmeans a transm ssion unit of data which

i ncl udes a preanbl e signal for synchronization, at the beginning
thereof. The frame is conposed of a plurality of words, e.g., 10
words. The deipedyiategdnaassrgierminglbe perforned on a word- by-word basis
may be "errtt)(g10 tection and correction" or may be "error correction".
10[ 0110] I'T) Shortening of TTRM (Tinme To Read Message) A

fixed format owoaﬁmwh%bbﬁﬁbmﬁﬁﬁﬁ%rpdmgraﬁfejfgteh@wn_eﬁagﬁh'dgfs%qdifea_rf@ Bave
positioning satellite (e.g., GPS CC A signal) is nodified to obtain a

vari abl e fr amhldegge bf anedrashorlh erlCMag&gde Divisiert MintiipheeA enes) oystath, under a
15[ 0111] _iii) Versatility/Flexibility dependi ng on_lLntended Use |
The fixed f&Pnfiionghatppuilicicnt sanal-tmmoigssiations nof obtgined fsjadesred fignal hpafue

fromthe positioni satellit & g. . UP ignal) ds nodified.
such that "ot BaeH 3Pk, blobieh epel SR QB S el g i Sing an
given bit | gngeBus PR codk. 3-WebifitARY il @ FdaPWIMES " @81 bR t#Oindoor
installation personnel to set a content and a transm sSion

or der/ f r equemmsittdr and arpestaging sigdabfromarsstellitd @d distegpished fgmeaclt dtker based
i nt ended use/ﬁgr pose. In the follow n rressaq%q? specifications to be

. )W ng )

descri bed b§n sl PEAN sqdes, dhargisianessibikifrigatdhg salgllite ppgitigying siguah peermoppmisly
| Ds settabl S I are def.i . and . ieni ng |
arer esggvegapia}c%ecﬁggﬁ@iqni {zhgg; l?\c])rDC% Calle ﬁ%rv&%gsl gﬁ?‘ﬁﬁ@u?@ﬂ‘%ﬁg?ﬁ fg)]m the 1%ﬁ ‘\)/3r
Ensuring of hseittdR®d drikduslyycaBlurd dhoar on@s PRNOG AL Srahd@idIRB signal. In this
(Prevention of Erroneous Synchronization) A counter bit having a
gi ven bit | essgtihis neceysary do guibkly detectghé errorsopsy caphwlednd perfoanhe-wantate based
a count value is ingqr mented_every tinme each word is, triansm'tted. .
Vihen the colfh BEeGH RN Cpde: c At dhis pracesings 2 tiferegBitfth 1% CpFdteaposiion
wi Il be resigshGfod fS%%I?QQSig&B@&DﬂY 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)

i) 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 signa} 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

- 98 -



count-up operation nmakes 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 abparitysgodsf calquikdion alwsittni,cthe sarfio pigatithonag Patobhei @PS 6FA signal is
Erroneous Capture) In a nodernized 'S signal (L2C signal and
subsequent %¥gnals), a nessage i's 10 transnitted together with a

PRN- 1 D inclgﬁg therein, so that a receiver can i medi ately recogni ze
erroneous capture, based on a fact that a captured PRN code is not

i dentical to tiraudfbrk ehétallf)ahéRGEAGRordHIMRME ], trdrRRsKIOH - UnR 68 dit@tto be
included in the C/A si gnal . Therefore, in the present invention, in

order t o5 quiubjdctedrieengndatetienr cHeoesn Lapheirmeana agrapsmistien viit af das sdigph
for the indpor transmtfer is set to a value (bit .pattern) .different,
15 from t hatfclyfesa afeé@f% %gr@f fog S@i@rwza@z@@éﬁ%h%al&%%fﬁof(ﬁlﬁ e is
Speci ficati Mﬁﬁ k: t urg, .G b R@
transm tt_ed???pé)?n%éle H%!)l rgf![‘%(gﬁ%r%@t@r&%g%- 11%& %t%%%?‘)atbvaiﬁe e ed
nore speci f € al wgrddgswbiddbdisoplapbe %QbP Héfttion andlBemdNES o G bdrasmor
an RF characteristic corresponding to that of a positioning signal
from a sat etdrecor("e. g., an Li-band C/ A code of the UPS or QZSS).

Wil e the I{\ﬁf signal is the sane as the satellite positioning signal
in that!Q sti® ure of a navi gation nmessage has a 30-bit word as a

oSt € U SRy PR IEt) il et v e Lo provide e
message char aciefitedt fofinattdfer Sdviiadibn sRe@pé bE atposiftisning Isignblefrele SCHdshRding
bel ow. (1) RF Characteristic 30(1-1) Signal Structure - 30 -
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 ati on schene is a BPSK (Binary 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

o s ok B s S i T e
- vig ; _ i
has the sa ethernda Ee{n%ié %dez% %%itg gt{ ﬁaﬁieﬁﬁ' gf MQHL' b%E(!nﬁ& c%?i{i}ﬁéﬁﬂy?%tié&%sﬁ a

of a navigation nessage e positioning s

G A si gnal ) positfohb¥er €éh a'}ﬂ?@ﬁﬁﬁ&i@iﬁ&ﬂqﬁiﬁ&'bﬁhﬂe@lghﬁﬁéﬁr,%dMIaﬁlyﬁefe!dﬁi hdag
One word consists of the sane word |l ength as that of the satellite

posi ti oni ngoSagirathg te. egiabligo figines synEmonigxtzompbe asitn DEvEY afoee®is opusition
wor d con§i st? of .30, bi gs_, one word includes 21-bit data, a 3-bit word
count er ,” anthymgtion from heing gutppig120]  20(2-2) Word Count er Each
word has a ﬁﬂﬁﬂ counter. The FPGA 245 of the indoor transmtter 200-1
is operable; every time each word is transmtted, to increnent a

val ue of the Wy EnGainat 6f High ReUbMBTY Ballhdbor Rddition Dnf@mationd Qrdddntion of
25The word counter assists an identification of word and frane
del i mi t er s. Efreneonsi@apturo)
In a modernized GPS signal (L2C signal and subsequent signals), a message is
10 transmitted together with a PRN-ID included therein, so that 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 signai
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 sane value as that of

t he 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 axamlata oeminkle cendar elrdquensypid St §.8AiMYz.singna IPRNespyeading

(32, 26) extended h ] code. The pari code, assi.s th .

dent i 1 cat FBIDY PHOAOTHE deldrapap. &PBN Eieeqing Fodpiafit (-hamg df 7 BRI
and Parity @heck pAlQ&hid Rine) moHlGisRM error detection code
generation al gofithmand er r(;r detection algorithmas those for the

satellite p@Hil¥) oning signal are used. [0124] 10(2-5) Frane Structure

FIG 5is a diozalgram show ng a frane structure of the I MES signal.
[0125] 3 2¥Namber 06 fBinnels apd PBN Gadeegral nul tiplication of the

word, and has e fall ow fornmat. The frane. having the illustrate
Structure 1ot AnOHES i Idn SHER chryr Havs 26 i JpRe coae aERes o Batitg
the 1st wor gpntgs 4 | AV it length, e.g., an
8-bit I|engt 1;u\IaCIrE}d ﬁﬂelé%a?ee]@ﬁ@?gemélgn%%%ag%é% (%/13‘? sf’flﬁlrz}gssage-type ID (M D)
having a gi am8pit 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
the remai ni ng bi-8xNawigatigaMesyiges. [ 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
One 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 frane consists of three words. 25[0128] Al though the
| MES signal to be transmtted fromeach of the indoor transmtters
200-1 to 200-6 is standardized with the satellite positioning signal
in ternms of a word structure, "is different fromthe satellite

It
positioning sigpal in.terns o he nunber  of words naking up one .
rame. Speci f1 ol For SHEHPR S0 (o« HELY RRSIdging BRL PLrgiilh, 26 gp 6-bi

plural ity oficiff A5 ARIGH A dilEnd THEB0 Bl IS WBIhBIok ek BRR A hOBme

of words inc 32 - one frame of the sat ite positioning
signal . [0128fe {2th6) ofPheaabllie: positioning Tdignal-dud.t 2 B agpbaemied \hagiathg fod.
| eading end of the 1st word in each frame has a 5given bit pattern.

[ 0130] ihe pany eedrsististatheiidentfieation ofthgryord delisiith of the frane
delimter. gé{z{afrently froma bit pattern of a preanble of the
satellité p oning signal, the bit pattern of the preanble of the

S oo PR B CERAAT 00
QZSS. [0131] ( ZFhé)save sgagdetetiipecddd deiblion 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 Ist word, there is a preamble having a given bit length, ¢.g., an 8-bit length, and
the preamble is followed by a message-type ID (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 nessage-type ID (M D) provided after the preanble of the
1st word in each frane indicates a frame length and a content of a
frame including the 1st word. 15[0132] FIG 6 shows a conparison
between a value of the MD and a frane | ength/content. A content of
FIG 6 will be nore specifically described below [0133] (2-7-1)
Content of Massage 20(2-7-1-1) Massage-Type ID "000": Position

I nformation 1 When the massage-type IDis "000", the frame | ength
i s 3 words, omrfthnief the satellite positeomingisignplosi t i on i nf or mati on. [ 0134]
FIG 7 is a c}%@gram showi ng a frame structure when the nmassage-type
IDis "000"[013YFIG 8 is a table show ng respective exanples of data
contents in th {; %orrespondi ng values of a bit length and an
LSB (Least Sig I'cant Bit), and a range to be expressed. Wth

reference to F1rﬁ§8 bit Frednie pfoite@nh o ltdieieaid vff the 1bEewelEsErdable Gtalie Hawa
[0135] i) Floor Nunber 30The 12th to 18th bits of the 1st word

represerit agiténdutpattamber of a building where the - 33 - indoor
transmtter S installed, and a unit thereof is "n-th". [0136]
This val ue H4&%a bit length of 7 bits, and no code. The LSB i ndicates

the 1st floor. g‘ﬁi@ Pﬁ{) O%I%tas§?§ts the %eﬁtlfééa(ﬁgﬁ of the F&hne @fflitd. " PG ATy fr Pl Bic

floor to + 100 I i's express
pattern of a preamble of the satellite positioning signal, the bit pattern of the preamble of

the IMES signal is configured fo 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 st 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 1D 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 (Mbst Significant Bit). Total 22 bits
obtai 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 ndogy §W8@§?mﬁﬂ¢%f@ﬁéﬂ%@ﬂ@ﬁ@fFSHébout 4.8 min a
north-southﬂﬁggfction. [0139] 15iii) Longitude The 1st to 21st
bits of the"*3rd word are arranged on the side of an MSB. Total 23

bits obtained hyisadriends b BR 1ghofNdits had nddce. OfThé RSB iadicaa e 18 3L

21 bits represent a |longitude of the indoor transmtter, and a unit
t hereof is Adeffsaer-- 2601601 is 28 Tamidsa rasdeind -12ath ffooc ete 100Fh BotrSBexpsestedl.
the range of 360/1023 [degree] .to 0.000043 [degree], which represents
- 180 de%re@éﬂ]o + 180 degrees. It is equivalent to about 4.8 in in
an east - west dii Eaﬁltnilxé%n on the equator. [0141] (2-7-1-2) Massage-Type
ID "001": Posit{cH 11formation 2 95Wen the massage-type IDis "001",

the franme | engtihe s 1 MQf Bs o0 JdaewbidodrB 26MeANdn 18 PRSht APMSB (Most
information. [0142] FIG 9 is a diagramshowing a frane structure

when t he naSigaifieartt\BiR. | Drtals22' BiGlchiaifiddy didingshe 19thbitenfahe bt egprd to the 21
respective l()eizt(sargp;;rles%gt aolgtit%ﬁltt: gf tl(':lg inntdggrt t?anisanitt%E (aemé ;; Santhereof is "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. 1t is equivalent to about 4.8 m in
a north-south direction.
[0139]

15 1ii) Longitude

The 1si 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 1D 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 cormesponding values of a bit length and an LSB, and a range to be expressed. With

- 34 .



30 correspondi ng values of a bit Iength and an LSB, and a range to be
expressed. Wth - 34 - reference to FIGS. 9 and 10, contents thereof
wi |l be described below [0143] i) Floor Nunmber The 12th to
20th bits of the 1st word represent a floor nunber 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 LBErensdicBiGSs9end1Qsontentstereofyilldferdsearibod belowt h f1 oor i s

set, and a fOEI‘Q e of- 26th floor to + 100th floor is expressed. [0145]
10Lat it ude he 1st to 21st bits of the 2nd word are arranged on
the side of anj gival 23 bits obtained by adding the 17th and
18th bits of the 4tf11\word to the 21 bits represent a latitude of the
i ndoor transm Thei2than2bthbitnoftthé he mead repsesént e dioeetiumed 386 buildmpwisere the
value has a code. The LSB is in the range of 180/1023 [degree] to

0. 000021 [ didgperdiansmiiricih insPed gehe ynit thegotisgi-is 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

o o o Meemligl g, b gyles 080 bad o sl s o
i ndoor tranafmoffsebf— aﬁtﬁ fbouﬂ Isét arlderrade of s 26thefyoe e+ 100th floor is expressed.
[0145]
10 ii} Latitude
The 1st to 21st bits of the Znd word are arranged on the side of an MSB. Total 23
bits obtained by adding the 17th and 18th bits of the 4th word tfo 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 0% [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]
1i1} 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, and 30a unit thereof is "m(neter)". - 35 - [0150] -

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

o T B PRSI UL ol )

"011", the xfaﬁ%mhlggqgtduh@x)o]mm@resmd the frame content is a short
ID (Ins). [0152] FIG 11 is a diagramshowing a frame structure

when the ne9s3de-type IDis "011". 10ln a frame corresponding to the

short ID a 10-bit _short 1D rressgglﬂﬁ'”i transmtted. [0153]
Di ffererﬁly f r @nd-1AeMpgsegerd s bh U1l Shotd (¢ ype 0) and the

nmessage-type |, &xje 'inagéa%gghotje)m {995 b itﬁ@ﬁ%{@% @ﬁ%ﬁs’ Pt e Rfme content

directly acquire romacc ent” of ‘t’he” s nessage. service
provi der c&gaumiroeiipgdefine an 1D of the short ID message 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 cannct 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 1D is "100".
In a frame corresponding to the medium ID, a 10-bit medium ID message and a 21-bit
medivm 1D message are transmitted.

30 [0157]
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e

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 with 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 By rfiv D HEdshdeNisOBkioNaY h ufiitd BE chi@iticias GhilBty, [GkSE] a
(2-7-1-4) Massage-Type ID "100": MediumID : When t he

massage- t ypéephbngnd stor@ Gt statidnemalt arren adrygrrunds siRpping dsca, anrtiuserdo facesspa

25 content js.a nediumID (I . [0156] FI.G .12 is a di,agram show ng
o rae ot ¢ AP e AR B EO e in g e ogpuitncia AT, T o
correspondi 52?]0 the nedium I D, a 10-bit nmedium | D nessage and a
21-bit nmedium I'D nmessage are transmtted. 30[0157] - 36 - The
medi um 13D messggRificsllya ot eo@chld, . seivdr cofEspoding te iaddonfalC nhiné Werveuithe
as a departnent store, a station mall or an underground shoppin

area, and uUsteinet snaneges dbe medigmalD ewdhenr URdnddufdrbResowes Lpensorp pbitiedesal
inunits of the co rcial, facility. [015 5Specifical Ly, for

el o 5 EERGaS S ORGSR e p HH0TR T A s noa i .

| nt er net @gﬁs t he medium I D and an URL (Uniform Resource Locator)
of the local server, as a database, wherein a user can access the

| ocal server uThigtHehsiieg iinfoinhdlon [BdB@hg 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", "fraffic
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 1D
message and the nedium I D nmessage, to send an inquiry about
position-related i nformati 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 " pesirnectod g the basthandprocasedridd ;' andeydibpdayatnit dsdicotnivally cemicttedto
the aforenentioned,information identifying a position of the indoor
transmitter febayieation psogessonAddy | atitude, |ongitude and/or
altitude), g rtisenment information", "traffic information",
"weat her inI{or tion" and "disaster information". [0161]

20[ Conf i gur at i OfheGhenR®§ 1400 GRLlhdRE Qr pTali O ofPréns i sehiridg tARBIATPHIMSRIIBOSF pseudo
(Recei ver)] Wth reference to FIG 13, the position infornmation
provi di n§ appepmt uesel@de petidndbaes dats doi bentifyiEg @actl ¢mission shiroe kf gosigommg
show ng a hardware_confiquration of the position information

provi di ng aﬁ'&'ﬁ%ﬂg‘t L@rféﬁnﬂfﬂ&mﬂs TGS FBRss Of Bprci natters At Yseh he Fystimhdhe

apparatus 1 i - | ; 1A RF{{Badi Yoo s
front cir cu%u%gﬁgﬁe? g@? A c@{%e@ﬁgg%ﬁteég %Sd‘qagl ﬁ‘;ez(lgggg e(ri:%?I oi%%ﬂgé@on’ if the
down- conver hembdQfF thd §9bd bCé Yat€dd REREHRY ihQedsBtE aRlrghr QiMbe bf Gidhd will be

404; an AID (Analog to Digital) converter 408 electrically connected
t o t he downassoreden themetiBy 420. b L3mvaney phonestso of tht @ypes efttode paltdmys may be

connected to the D, convener 4Q8; menory 420 electrically 30
Connect df 1 &etthé VBlaE Jesa Hen Bﬁ&@?ﬁf’? a5, s HIFbip (B P BANY Y vt & Gasepycpase
electrical ly,s. 37 connected to the baseband processor 410; and a

di splay unit 440 el ectrically 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 pattems assigned fo 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
identifying 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, athpateget21riito d71-48. alfes gxample.la psendqeansdoaundise copepatierpisyigned to

420. Conversgl .the punber of the tynes of c atterns may.be 10
set 1o a var e itaulssy T Mg s drciie SAST odb i S TR g door
420, on a CagfrRURRARRIMAE fped OLGHE r?anemfeg ﬁm&' ifthé Bir RTBTAHMREY & is
48 types of code patterns a 8 used I1n a satellite-base

posi ti on- detgefetabkt foonrasyes thenndsir tgnditedtielsuet @mandr thdetwd b maid ofthe
data (PRN codes) for 15 identifying the respective satellites, and 12
extra datda &indoosfigpsritters uiingthgsame grie-patters awpt Beated withiniageesiigble ringe of
exanpl e, a pseudo random ngi se code. patter.n for first.one of. the
catel | teq Mhgscon B Bepirhep o EioR Fniine syt it BRI dLeghe ©
read out fromhing amareﬂ?d%mluﬁfaﬁllit&v@r&%&aﬁnﬁf,qn HeQite F8b SR bidlling 130.
processing wth respect to a receiveéd signal, so as to perform signal
tracki ng andotédodi ng of a navi gation nessage included in the

recei ved 20 signal. The nmenory 420 also stores therein a preanble
pattern of the Ppessbasehsnd pepcessgnall comprisene omglatphsecion 412 pdapleddp @oggpt a

preanbl e, pattern o e I NES,signal fraom,each of. the i 0, .
Pr anom ¢ or <55 otlant Ay Mesale dhRvetst b7 cdaftly 5ien 12 %t sputpligyen
patterns has,jaaeion ShHeoASlaRP s@GEIRIL and alRERHntHEEscShorDeIReH AN hiRAL &n
patterns using a code-pattern generator nmay al so be enployed. For

exanpl e, t heentiede: patceef a pgstiening sipnainbysct en d5tacmitpue fenh thy cadmobseaiiong414.
two feedback shift registers. A configuration and an gperation of the
code- pat t er T RfeMaYIgHtioN REGFHODHE3BatImRFiISEh dBr SPGB WPsitiniag SRty 442 for
the art. Thu i i - i RL.L: izl | onm.&

It he same Geirifld a bl IR sBbbth Wionmallh BB Ed il iy e
assi gnedist 0 dofvesigfdl slitpiitGrdin h8 delRAMIAIng sbAIdE 11 6.1 4H Sn BRIG0r fARRBING s&tion 434
emtting a positioning signal are stored in - 38 - the areas 421-37
to 421-48. Hor desteinplinformatios cindicativanefom mwsloge positien oétthe pasiters informution
to the 1st indaqQr transmiter e stored in the area 421-37. In
this case. VPTG AR ALID: bahn s Sn iyt B dSmappR seehrn dke
patterns camppgnused in the first enbodinment, it is preferable to
arrange the indoor transmtters in such a manner that two or nore of
the 5 indoor trHnsmtdringds? istapable b reaivigaoegectpat josiioniag signalk etnditet fadn
within a receivable range of a sane one of the position informatiaon

provi di i apparGituseelliteynilg, dhkedl?, tandos Spgtiening sigaak amjtted Arem the dpdoor
i nd t it lLe, in th £ f .the buildi

150, [o166] TREGE 2Ry SFBERE sreeh phoR Rp Prviee BlorBpid Hpdiing brans
412 adapt ed {09 i@e£BRAiedas? n%ﬂ@ﬁb?rﬁyﬁﬁ%te%@%i Reardy %pﬁﬂ@\ﬂ?ﬁﬁl?s’inliﬁlﬂéiand

a control section 412 for controlling an operation of 'the correlator
section 412, rectindng adignel for miirlpss etdcommuditftidnoor diéd enmmumicegioanin addition to
em ssion source of a positioning signal based on data output fromthe
control sect‘h%ﬁ’c@i@gogﬁéa%‘(ﬁpﬁﬁIP’Hﬁg'ﬁiE’E?é-‘éssor 430 conprises an

out door Bosi[lbil&ﬂi ng section 432 for determ ning an outdoor position

of the po6sition-information providing apparatus 100, based 15 on a

si gnal output fTIRMREFEntdebeE B04isRGeraBIe! ih @kpdik 1o Adteptaiy d EADPfeceived by the
positioning section 434 for deriving inforimation indicative of an

i ndoor posi tdntamna£02, kepepiosi winoise ranfayahpbéessing row ifitienng apEasieg fos odiPdfing

based on data_ output fromthe_ determ ni r%g section 416. L
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 comuni cat Thnmdowmcenyeiteri 490 15 operhide teemplifiyibe signal ivutpab&om the RF front
positioning sign . 2p[ 0168 Jhe RF front.circuit 404 is .

oot abi o, | noiEE 0 BB B ARGTEY et ol et EH R e The
402, to perf 00| ] j i i N r i

for oLt put 11 g sage £ GuEr BER IR ARESEL 16, M) cBsHel T e P ey
out put from 4d8eis Ripefablent sabjecitthé itOheldBite-figputndyndignal hgpudl disreiso ny ar digital
406. 30101691 - 39 - _ The down-converter 406 is operable to

anpl i fy the eongersipn pracpssingf tooenvdreit| infe digighdaisi r Ehe digtaladata rdinpift igtet the
the anplified signal as i ntermedi at e-frequency signal. The
internediatgy?&ﬁgﬂgﬁg?“gﬁgﬂal is input into the A/ D converter 408.

The AID conV@?ﬂgr 408 is operable to subject the

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

conver si on procisthe hgsehand pravesdr 410, thet @ndiagr tsadtiodad1a.is Dherable §o fpdiform a
data is input into the baseband processor 410. [0170 In the
baseband pr cwasktien apoessingbeer dicaeenived signpband4h cods pofiern agadeont rom the

perform g, correl at rocessi ng. be ep the received sigpal ,and th
Code. pat flor HPBe 130 By e Eenip il or bore3mBG PhETRhiehrm 4ECF phrfable
414. For exagRk&idd e t?ﬁ’é?t(ﬁpﬁwosc?r%b RypedYiof B0 PaTenRd! BrelrtniRh QYdedshabdy 1
types (or two or nore types) of code Ppatterns different In code phase
by 1 bit, anrht, tiwkthe oonrathtat serti®etiiioopaddile fopecfpean abtoeedsing pé riatchimgahe code
processing of matching the code patterns with the dgﬁital data send

out from t heP2ems Béh i digifal dgg serdpuf flam the AD everdar4P8r Bustben, dis complator
i s operable, ed~op .t cade patter tra pQsi:ti.oni.n .
S gnbl T ocol et 2ay bR BRFeen L B vk Co BB R geeived

100 and iglendy thy pe¥iGorCinfdrMeHGOstBviRR @ eV MhdiaentBy bhd ofSBE BeRGRItterns
identical to that of the positioning signal. In this manner, the
pseudo randomtiphasea bib dejupedet idemicalstoithasrof ithd paditioningssignahe Ip 6u$ miaomer, the
i nformation proyi di appar gt us, 100 .can_deternm ne fromwhich of the._
satel | tes tHEMPGEERIIEorE PIFTHG ITGAET | iy i ROR fandR OTBRIoRRET idipe
t he receive Lt h ) j L& d 1t £ i - 2Q: :
tranom tt or  PHREn 1ORLARIH B fidnfbloAUP e el Ak AGed ASRRRinE Higpl i
i's operabl e,trdnaiiR@d,oor Wheherddpteddied smilienpatdigah s tronseiisadfibat de tildvor

posi tioni ng signal and decode a nessage therein. [0171] More
speci fi ¢l | yirangipister e t Idenyi the prsitinadaiognativnerovidinparrarstus 108 iencrabienbasad on

above 25 determnation and sengo ut%lg1 a depending on th
Geter m nat | o NeBU et YR b oS e THSHO0HE el e degppe messoe
section 416 g§emperable to determ ne whether a preanble included in a
received positioning signal is identical to a preanble assigned to a
transmtter [0lHér than the transmtters nmounted on the GPS
satellites.
More specifically, the defermining section 416 is operable to perform the above
25  determination and send out data depending on the determipation, to the navigation
processor 430. The determining section 416 is operable to determine whether a preamble
included in a received positioning sigpal is identical to a preamble assigned to a transmitter
other than the fransmitters 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 exanple 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 NNO1 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 fiRrdesi®ed bdlyw.NInShis/ceEPSE fyitp\iﬁo@ééﬁtﬁ 8o hdibceSodesTMEIuBM eRtra
satellite neans a satellite which is further |aunched in addition to
an initial | yopesusre hisetl. s &ughdr ine casthavheret ¢ ERYbUR MY inchded in aublh edsitiening

DreP o ner o bt EER Pt B b Rl S sBobie bk Cos
exanple, 12 [geiyte] HBE r RS i -
xanp SB%gﬁ%e@Wﬁ%d 981 P8¢5 B’%%e‘a 1%% mffHer fod iy in

to transmtter e I ndoor transmtters arr
the trangm trépective uRire shthtes. NETHRRS ditellited hems awhRlliRd Whidh i RfGer launched
different fromthe PRN-IDs assigned to the satellites, such as PRN 37
to PRN-48, areddiswi igreadnitiagly le d sapelliton e Shoéxtrasetellitarisdatinchash te prapare for
ot her words, in.thi.s ex I there are 48 PRN-I Ds, For exanp] e, .th
PR 57 o PR dtre 8t e sareliy o1 e Frermiter Andh QMR BPEIA g CPS
taking accoyptyef an arrangement of the indoor transmtters. Thus, if
atransmitter output is set to a level capable of avoiding
interferencg0imiween signals emitted fromthe indoor transmtters,

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

transm tllers. Bawther, §n esanpleal? wneferfnseudotramsiony apisméads aiteresoare besigned tp

in a nunber greater .than that of the P Ds,assigned to transmtters
for use o S8t Gtk EBer Rerinies Rk r-boTRR b e at LgeHobHE o
they are inghldpe cdebli; i Was) ERNDER Qs AANE
as nunbers foréi %ééﬁfl}‘?egﬁ%?t éﬁpg‘ggeﬁe?e\?teﬁ?ﬁd%%r trangﬁﬁlﬁegﬁgme[%%%is’
The det er m BiglgasSRRN-BD 10 BRE-48S aepRtigiddas ravhédive ehar dnbetrimniities. p3e other
random noi se 25 code patterns stored in the nenory 420, to deternine

whet her a cotEdsin bisrwaneluberdry FHRRY-I8c eFucaapals tedMMNTg7 &1 YR8 aze
o s Qs RaFER R B DR 8F 3ERe R bt o

transmtter
the determ Riafigni8@s! | PihsAit 8 nd@InSiEl dvBsur Ishet o bh&rel &HEBIY 8FaRAEAS mnRBfeRHce
signal is transmtted fromone of the indoor transmtters. |f not,

t he det er mi etvges sighilo amited foew drenindes ttansthittetse the same \PRIN-Id siayi benised) in

. two or more of the indoor transmitters. 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
transynitters.

[0174]

The detenmining 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. [f 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

transmitters. 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 GP 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 net hodol ogy for the
determ nation, the determ nation may be nmade based. on conpari son of

ot her data. dpemblexaitipleferenve ipthe icsdapaitemb stoted PR mebRrH30, edatambhefame of
the determ nation. [0175] If a received signal is identified as a

si gnal trandhg satellites rvﬂ'iﬁboﬁeasﬁiﬂnﬁtdh‘éﬂ@@ Jeauired P?‘@SPaﬁleﬁ’e dethevgh ﬁéemple

section 416 ,j abI to.sen a he |dent
sonal o et IRt sBrERD e Beocpin S MbAHIcs A% S ilioh
fromthe i d%&hﬁfnﬁﬁorﬁﬁaﬁwﬁéde Ha&EEi'dﬁdc% gangaﬁ\b&f%&sm rr%?é'}gﬁlple comparison
O herwise, if the recei'ved signal is i tified as a signal

transm t Sed df therRRMEDoMmay beuded dadhe detamsmatidt.ers, for exanple, the

i ndoor transmtter 200-1, the determining section 416 is operable to
send out dat®lBdquired fromthe identified signal, to the indoor

posi tioning se s _coor,di nat. ues - as .
ata for | dent 9 ronsiad yeb i ghiRe sl SRR BhePe B 8538 Ry
certain situyg H&melﬁi‘ﬂg Jséctioﬁeé‘lt@ {s! SRR SRR EJut Qhtat :ﬂgﬁrédr BDSMhE igdntified
may be used. [0176] I'n the navigation processor t he out door
posi ti oni ng sigmel itothed 3@&kdocr @isitioaink esectivms¢3. oThe hatadatairslefibmothe iflentified
t he determ ning section 416, to performa processing for cal cul ating
a positildn ofgn CB@%MH?HF&&HW BEFHAES- oerb‘?Tﬁ’%’Pdlif H@ Tapspved slans! ipodentified & a

20 specifical I the Qor ti 432 I,S er,abl e

based on datségn Jﬁmé?lbep %Slé o?rt ﬁ% Q}F tﬁ;glméloor teensmitter
(preferably 206qume<aéteﬁ%ﬁlg s&ten 296 &l dpl faﬁﬁ,to Eéﬂd%ﬁ! @altﬁ a%h@i:édeﬁd?ﬁﬁ{e'ﬂ&uﬁed
propagation tines of the Signals, an based on the cal cul ation

result, to cgmneltathe mdqmsposltlomng)fsedﬂm 434si Thipratari§ ovardinate rvahree piredsengs
appar atus 100. This processing | performed usi ng a_ caonventi onal

satel lite péeiPoRERyINgaRASHE. 0 T‘Fﬁ wdgerdrapsaitan 2Abl dnssisgagapton, an
under st ged its description will be
om tted% 0 %%159&%11?‘5}“#%{2&}11{5%1&@ 1@%%21 g’%(&eﬁgesslor 430, the indoor

posi tioning(gemyion 434 is operable, based on the data sent out from
the determning section 416, to performa processing for position
deterni nation iln tba@eﬁga;&mrmocdmrpfwl. theopntien qrositionion spetiowi 4hi2nig operable,

apparatus 100 i,s | ted in or .area. door, transmtter
200-11 5 opdPaiad (b duacent 2ub BOR PO ARG REHon P QP AP BIE fo
identifyin 50 S i n be

| ater  Thuo epafl «ORed@aD bl (6 dofiEEh infERMAT e oBRnARS 100 D CHiore
recei ve 20he sp@ﬁﬁdalljb,nﬂlag)uﬁibgn’lpésnﬂdmﬂlgesebﬁ@ﬁﬂZSZiﬁt @petabld, baed dnnddid éncluded in

signal to identify a position of the position information providing
appar at us 16@vHasetedrfram dhres or setec@rafereily, fPhTeOli m@l@bﬁl’ﬁcﬁgﬁe litesn fonepleulate

t 434 5 f t hi t lated b
ot door pos TEPBI g aBretin (FsS By Do olfe et R SHaPn esul, t
posi ti oni ng c'ﬁl%ﬁlﬁﬂe ’bto‘&x%n 'oﬁﬂa'éi)%ﬁn&ﬁ’[nf&hﬁﬂbﬁg o@f'du}g% AhBPh 69/ umstlle}éegsmg

More specifically, these d are 1 ncorpor at a for displaylng
a screen i rragperfoangcenﬁn§a eorventionabtdllie pb:nﬁkbmm ucctgucplerreﬁlsm |pmies31ng would
position or an inmage for indicati na a read ijSl tion (e.g

i nst al | 25 orberealyundsrsteed pnhoserrdBise in thgadn h@rltwm}lon %‘Bb? peiticdmge
is
[0177]

In the navigation processor 430, the indoor positioning section 434 is operable, based
on the data sent out from the determining section 4186, 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 transmitter 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 comrunication
section 450 for perform ng data communication 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 ynchidimgtdach foe idehBfyingl 4 puditigh, (positien flegtifdatipn L) 94 BeschibddNaRA
the reception of a position signal and the generation of display

i nf or mat i onThen#eaesidiom infargrtion providing sppatatusi 108 wan regeine thetpesipigning signal

o o et iR AR PSSR ST, B RS
navi gation fogﬁﬁmbmﬂi%glﬁfﬁ%asg@oﬁ?ﬁ{ef&ﬁgﬁgd é’zg&;,orﬁfqudoro?g@sitmn% %chﬁertﬁ

stored in the nenory 420. wever, in regard to a processing’l

correl atdr patirinethidjdcesking do4ts ehladlaed $¢ tid @utdodd Bogiboninesectiunf 430 Wi &ldta
to achi eve the processing based on hardware, instead of software..
25[0180]  rcadwoutbyrthe indeprcrositionipgGectin, 434 ivwsed Moy dispbayr e the display uihis 440.
posi tion inf{prmati rovi ding apparatus 100.wi |l he . described..Fl G
Dl s o1 onEre e ORuR: dirs< R B RRG Roriet bonalh or  BERSEE b Pa imges o
t he basebang. : : i I, O t:h
e R S (e A
Step 8610, pdssrigpoeigt, iaarinstaifadiomidchtion pf tiiiddodg trappetat 200- 15 0shdabe ink&Sis
(tracks and captur eiﬁa} positioning signal. Mre specifically, the
baseband0 pr éiplaxsd by epispdayepit€48n i nput of a received positioning
signal (di gt)oézé-converted data) fromthe AID converter 408. Then, the
baseband pr ]sor 410 generates, as replicas of pseudo random noi se
codes, a 5 plumgt hdsidalineRARIRFSGAIRS aé]ﬁ}’dtﬁkgm@'fﬁxfﬂﬁf Ethpise4I2 chRiSeation
reflecting a possible delay, and detects the presence or absence of
corr el at i onsdogtnwEhidr iperforareg dad cpmuiuhicativmwitk itgnadtsids) doreaamptd, thehlpeal
code patterns. Faor exanpl e, the nunber of code patterns to be _
gener at ed | €O ifivsdioningjas aceasiiongniormaias propidingcervs, ysderpppatrol of the
exanpl e,z i n e a chiprate is 1023 bits, 2046 code patterns
havi ng %15 se%ﬁlgﬁf%%md‘gﬁay or code-phase difference of 1/2 bits 10 can
be generatemi7djhen, a processing of correlating each of the code
patterns with the received signal is performed. In the correl ation
processi ng, if mhecwnhguratieavillngrated innkléhdBt glteyglanot parteulaglyebmised tohtha
a predefi neg] value.is detected in gne of the code (&atter.ns,

th
baseband pr ygg’%_r ' £07&%h PFEER e ‘_"tE’S% tbp?a’_fef"‘é?“ﬁ? rftl PPRYROH F’ﬁ?iﬁoﬁ’é e
the satelli %&%ra%ﬂ ot &iﬁﬂléf‘r iﬁtﬂﬁn&tﬁ;ﬁﬁ%ﬂ%n RAS1 WbPNURIRE! §0A cirQAS 964, 0

the | ocked Code patter here 1's y one pseudo random noi se

code hagh ngdewhidnveregyenar] Bk A/Decohagteeds addomat bghardwhiy Snd & pRe&ie
random noi se code used for formng the received positioning signal as
a spread spiicaeheh tbhbasehadd pragesspr 419 dnddhe nqvigation prog@syr 430 may by iperformed

processing of correlatin received and quj,red si.gnal with each aof
b pl ur al |ty SEBE P 8 RrosEan frS B IR BIRGY datter Heveren AR e kihe mRETInEh
i nf or mat i ongpreaMtigion JeRBR AT AL e cdRDARRYedoR B108nACHH EHEHuRE 18 achieve the
paral | el processing, as descri e& [ater.
processing based on hardware, instead of software.
25  [0180]

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 dnatep 861ld, theyssitign ddbranatiom pediding sgperatmsni®i yacdids i(inacks end
13). If it is determned,that the received positioning signal_is
emtted froffRiRESA BRsEIONGEatEnak hdore specHically ks Prechaad Fpepssey* Haceertpan

8620. If it .j L[ 1) . [ h T Ond [ '
0020, 1 1 B RS R AR I ARG AR AR ARk s
Step S630. QxBEMHE B&ebdnll é)‘rdceésﬁr gRY SR8 dast iflicat BEpdeBE®a86In noise codes, a
positioning signal includes a plurality of positioning signals

em tted Bromphbdith of vedo pattbowr havingadiffiwdnt belei phdswrrefiectiag at presiblendetay] and
routine is shifted to Step 5640. [0184] 5ln Step 5620, .the pqgsition

i nf or mat i on Y66 ithA HEscR A RREEE Al théﬂe@sB‘FH%CﬁB’Gé ipesiBenipgsignal and
signhal to a j includ t herein, Speecificall t he tdoor. ..
posi ti oni _ng%géeilc{’f?%?l%é%f agt-% m?'hglgorlff\)/{'na%lﬁ %lﬁ nglrn%%reosfg%fi ° ﬁgﬁn%etﬁ%g lﬁegfr_%tsed 18
the positi ofyh@infek A cdusid YRS BR paRgss. paa;st@ferexalﬁ?ﬁpﬁ]adakésm‘ew eRlpirite is
the nmenory 420 (the code pattern | ocked in the aforenentioned nmanner;
her ei naf t er 1023 bits, 2046 codepatietiy hikeidg e selpentad telandr)cotiopbease diffeesnae a01/2 bits
T et B e B350 B oF bbbt R i
subj ects 4 Q[ 1k esi@ﬁﬂ‘ig B&gorﬂx(@&.' tanMen&P%la%gﬁlﬁoéeQSér%, Qf‘\éhg@tﬁterhavinﬁ an
nessage procCessing as a preprocessing of positon ermnation, 1T a
convent i onalinteifip@fual [dr8hdatelt e predefiné @RudR étectb@ibsheAf th do8S Pitierns,

of the above Processing, the outdoor positioning
the baseband processor 410 can lock the code pattern, and identify 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 psendo 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 410 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-ID associated with
one of the transmitters which is assigned with a pseudo random noise code pattern used
during modulation for generating the received positioning signai (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 8620. 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 ot hers included in navigation nessages

denodul at ed fontim e shifted i o eSEPSGE0si Otlemvisg, i gnasl deterfnlde@ibihat the received
iti i nf or i on

o ovi di no. apATGPRS S0 FURER paUirai G Py ARG BT riah s o B oot

e oAt e L s Lied SlfeRlo Ak A1 Rl R BfiPssirOnal from the

i ndoor transmtteér (1 ndoor signal), the position | n?orfrati on

provi di ng apgag4gt us 100 denodul ates the positioning signals to

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

out door positi ol Rigps¥20; the pBRiodeinfodmbtire providengp argiatatnsn] (g dsnefubdts the

sent out from the baseband processor 410 usjng_the_| ocked caode

pattern, to %Péiﬁi&pi.ng StepLt0 R re AL s urked ey ?ﬁa%q?% Rl opfogrpesitioning

positioning sj oo Ji S, ! i i .

provi di ng ap%gt?({a}l[a%% of‘ 6@3 Ia%’gﬁa gﬁ g?%lcﬁs?ggr és%f%a q%g%lmg h%y%éqsgfo%ges%’ﬁal_ u the

because it r@@eipaﬁ&nb@&boﬁah? Piefeldt inOthe NBlerfib@NA0 {the olid Patierth bdkiell €in the

and the positioning signal fromthe indoor transmtter. Thus, a

navi gati on nadssmgeidnay immanert; dekitaftarerefeted fosasaligekied eddd patarnhgo acquire a

positionjng signal fromthe satellite, and data havi ng osi tign

i nf or mat H;n %%ﬂ““ansmf’ﬁég“c P Y&t Fapeiuing éﬁd’ﬂﬁ%‘&l § BSPﬁlt h&hen, in Step

positioni ng & B I ] , i fical

R St ep. 5642 gt CUHBG delfontie sBiaRRUS) SRR 4 bEhrord R B ARRGAATE ighals

processi ng ob @agkgdtion Inékedgd, prédesdingias a prb0tesabg e posiflodl détbdmif@ionAin a

| ongi tude and an altitude, fromthe positioning signal emtted from

t he i ndoor tgoaFentoRal &ranpgo-1. Further, the indoor positioning section

434 acquires Oz%ﬂavi gation nessage fromthe positioning signal emtted

fromthe GPé ellite and perfornms a navigation nessage 10

processifg. Thefhen! A&1GPSENObast O 4 RSult 5 B8 hibdve PrdcBssileCibe 86tdfor JoBitioning

Step S624, an operation of selecting one of the positioning signals

to be used isactidnedFgmirforns a gedoessingntat icaloulbtingpe pbotioredf tha pesifiod darformation

exanpl e, on respective intensities of the indoor_ signal and the .

out door si griPviding pppasatnei ). Fer exampleninesassstyhers the pesitiondaiormatiogpapvidiag

deracted, aniprabs d00rHEREY SOgRbiEL S8R chitie; R RSk Saslies g giganee

are used as @ldARGbA ii9PeFbmicdCusiRSiAdB drbf AhfFRhAtRA, RI0eY itthd)thformation and
apparatus 100. [0187J
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 to 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,
1o 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 herwise, 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 ti oni ng tetapsalt remntes dboth the poritichmg el theratedits and thi Qositiciingsignal
the | ocked code ]tl)at_t rn, to acquire a nessage data in a sup-frame )
consti t ut i ngrehdhe drdoer dinsvgtiet gdARs. aTHRYEA0E SEeREagea RaVings Clopk |timfe data s

a positioni L.gn e t gr. iendo t i My, ag._ . "
2,505t 1,901 Nl A0 ShuThs LEAAOGE 4008 RSP S AR L a2 Bevin, posgon
signal s em tihReniticduti g $atedriinke SalubOk 88ghired froh@B ,pogiﬁon‘%s@gm #dm the
t he i ndoor positioning unit 434 acquires coordinate values Tromthe
nmessage dat dnddor eransnzittenli Mime dpeciichlby, in Geapt $G42i thg jadodr petitibding sation 434
| ocation of the indoor transmtter (e.g., a floor nunber, a |atitude,
a | ongi t ude PAHEM2YR RIPPGSEng ef 3oquicns dala ank 1y tlagy npbes g latiyde, 3 longitude and
shifted to ep,: Og.-. 46 - .[01891. | osL t.i infornati
provi di ng ag%a?ﬂgﬁﬁg’ {1851 ;ﬁle% ?s\}t[é%n}% é’ﬁ%arlt el{l%cérehigqsrgg%é a"rllg&’é trrralelgl?ﬁ&% I%ﬁ'l'

nmessage iN Jueher>QRY inddde pBGifibhih® Redtidh MINBhI P AONAviialoh INRHA e the
100 denodul ates the positioning signal to acquire data included

t herein, i n pBitipniBY 3ienall bwitied foori MheSGPS &63Re anlepapivent iacmmvigation message
i nformation providi ngm)aappar atus 100 transnmits the short ID nessage to

thg | ocall sd¥Qeessingns Taem the soatrploprtimepndulipddn Stared ot di IpmiapP et suipperation
! - 294 W Hot SriRe” _ Sagerio
o0, ecel v SSBRBl it B BTN ARE A SEREIN, M F 4050 bebfRimaion i

det er m nat i Qusfolnfed E&b’(@l,&@ik&_&ﬂ?&?ﬁﬁ&;@@&tﬂ/@ HREsiBey bP EH¥Bindodd AERS HnA Gthe
for displaying the position information on the display unit 440.

Speci fi cal | yutdohesigrali ginriesample.otbs sansi30f theindpartsigal imgrpated tham thabef the
i ndi cating the, acqui rred coordi nate. or, data for indicating the .
nst al | at ForfUoanatiea ﬁ‘ﬁ iPeeT i REL %e}eaﬂ%@rﬁﬁdt bp copyginple valyes JBelirded i the
he d , _ . . . e o . .
the dat ast o i@, ﬁ%lgag!a@ﬁs&pésta $Hfon ﬁ?ﬁl@g?ﬁlﬁ# iNforilatdh Oprfa\ngiflg?%a?‘%snllb@! t

440 di spl ays the Ition Information e position

provi di ng agpH®7at us 100 on a 15di splay area. [0191] Wth
reference to FIG 15, a display node of the position informati on of,

t he position i riPBemase 6n EresyVasagimSisar 8612s thoomissian prresest thepeageived

FIG 15 is a _di.agram show ng a screen_di spl -on e. di. spl ay; uni t .440
of the posi CrOHOTH SERtcT 8h iPetHR R adpap araS bahE mdatiud {fabarto o
posi tion i nfoad PRt gw&y 1eEID eheARRRBA i 8rmb@Bn HRARINE BppRASist 100 HeRBdulates
signals emtted fromthe UPS satellites in an outdoor ‘area, the

di spl ay 20ni tthedg@sitihingyy sigrsal am acquina détOinclndidctheieny in S&tp $X36i t Bpaeifically, the
i nf or mati on %ﬁ% acquired based on the GPS positioning signals. Then

when a user IBOOF RESIHERIPg seeiionn i Aumodyaiss: Bioi RAsIgnRE Rl Gent 100 T3 e
Lo an | ndoot,gi.es LNEROR Loy il RERRLLAR REGY! ) A%uAPRAAALE A80in a
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 $650.
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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 sane node as that of positioning signals
to be emtted fromthe GPS satellites, as nmentioned above. Thus, the
position information providing apparatus 100 perforns a processing

for the sigf@89 n a manner simlar to a 30 processing to be perforned
when positioning signals fromthe GPS satellites are received. - 47 -
After the posi tIfig 7 PPREYY Rfprmaiirnrevidie sppasppalWrecsives @ shet P message and a
position informatikQn fromihg, si |, the.display unit 440 w ||

G spl ayan ey 50 preatetap b A tsenBish Rl preditihgy tparatus 100
acqui red baggdodikté; thé 9oAionY Skl i QM@ ddts BRAMEA HRfeid, RS 5Rp 158501 MTIRA,
i ndoor area. 5[0181] As descCri bed "above, in a |ocation where it

i s inposS§i bireStep $638¢etheepasiaidn anforvamn Fuatingappsraiun 400 eraaseizs e short 1D
bui | di ng or an underground sho%)i ng area, the position information
provi di ng aplsasge testhegocs! sevae2¢4 vidia astmeds eyl dnsthe peadim &D treessage, and
recei ve radig waves.em-tted froma transmtter installed therein

(o5 one SrePRrRIE ook Wrarii8 e For J3 465 10 one o the
i ndoor tranggoht ers 200-4 to 200-6). Then, the position information
provi di ng apparatus 100 is operable to acquire information
identifying a hoSicpiS650,bhsetlloa atresitifitiet ppsitide dgerminniondtha aivigatiah p@sesdr
mai | addr ess% and display the information on the display unit 440

Based onlt h&3Quparfmmy a@rocasinerfar displaying thegositien yiermgiien en the display unit 440,

i nformation (el atus 100 n_know a rrent . i.fion. .
Thus, Tt besanatcef e RBRHEN Botvor AR ket R Pl i R Rtk M it
a location wheéifatkor Hﬁta'fﬁ@ﬁﬁfchtﬂig?_th& PnsPHILEGE |o¥atloACH NEindadraltdnbihBter 200-1,
positioning signals. [0193] his makes it possible to ensure

st abl e si gnaid seadeputi the dafa tathel diskiagr vEt ¢40. Baskdprothi diataptei dispbay unit 440
information wWith stabl.e accuracy of, about several neters even in _an

i ndoor ar eadisplgy 9[%&9%‘“0” ’nf"l“ﬁa%%’o‘?f{th‘b?ﬂsnémdp ERaODPEOVAHING RRPAERUAE on 2
(cl ock qgnedgélﬁga;eé_ansrﬁtter 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@gtequired 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 ke FIG. tiRe? displey mode ebthe positgmisformationeoigh@pesition

times of a Iuragit of,.i ndoor transm.tters,. V@'ﬁf facilitates stem

managenent . Sotgap rovding SopReppBBREN o GhtipfLoHG Phis SRR GRS ®

installati O&IéeﬂQﬁstplé}ranBe &@ﬁlﬁ‘y ot %Mf‘iﬁ@%dsftﬁbn%foﬁgatﬂoﬂ %ﬂﬂ"iding appatatus 100.
transmtters is included in & 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 emitied 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 transmifted 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 cal culating position
information fromsignals emtted froma plurality of satellites.

Thus, it becones possible to derive positioning signal based on a
signal emtted fromone of the indoor transmtter. [0196] S5Further, a
signal -receiving position can be identified by receiving a signal
emtted fromone of the indoor transmtters, which nmakes it possible
to nore easiAfitr 8feHosvion afP@sitibh pﬁvidﬂfgcﬁpﬁ%tu@fw@ﬁ@qmr@ld Pty ShfeAhARn from
conpared with the conventional satellite-based position determ nation
systens, sudhe asnﬁtlhdleuﬂlﬁﬂa){ 00i Ap0 neillndisplay podian 20 indiwtingtthagrthe position

providing ap ratus 100, re achleV|n he convention posi tion
et or i nat ; SHOBHPR % Salire DlrsHE e PanH Eufidtomn o TGR REy Bridldhn g indoor
fromthe inq§£y transmtter 200-1, without a need for dedicated
hardware, and a signal processing can be achieved by changing or

modi fyi ng sgbtgmpre. Thus, there is no need to start design of

hardware from zero to use techniques related to the first enbodinent.
This 15 makes i4As @@@meﬂlabmteolrsmbpﬂmswlmm it icimpasseble ko wosive mﬂlot\mres such

posi tion informati é)I’OVIdI apparatus 10 V\hlchf ilitates
bopul ar i zat A B BHERAS Rildfhe ok oo PR oK HoDPEE A2 53?%&1%1%@&“011
Further, it Hﬁ&d?{i%@u Capa'l'ab‘ﬁn#fhg f%%%b?&m@nﬂ?§¢ér&b@é‘to R TRdib %\yef»s epitted

provi di ng a[gpar bl'e o reve crease i n circui

and conpl exifioyn & Frasniiger ihstaARA thegelh .50 Bre 810&19 HRBbr transmidRE£200-1 to 200 3 or
specifically, the nenory 420 of the position information providing
appar at U§ 100 pothd sndonetransendfitsts 204 RRAOOFMs  Bheh, theepositige infemation provising

the i ndoor tran mHers and/ or the srf?e Ilte l.n assocj.ate

relation. THE s OPRPBIE R B R STR RS HRa R ROS O 5f tpe trmsmitcr
oper abl e, (E(\%\geg(?‘l 8ink® vAIRE Ok d;@ss?%ﬁ& ggsmg? vl ﬂ?ﬁﬁ%ﬂé&? 01§ ﬁ{e 1g3lay unit

determ ni ng er 25 receive wav e emtt romt

satellite od4d.heBdsatlonnhd digplayddt 1hﬁ1limatll'ﬂl$ adis@oft fhe pBiibr R¥ormhHoss providing
programis achi eved by a processing unit, such as the baseband

processor. APRWF#‘&NO\F@P}‘HO‘F BEUKsens Ppsiten. i rhhas, n%hep@\newblg Tfhg’f 0V1de position

appar at may. be configu angi.ng. a ci.ncui t

ot or m 3t i SHoRERigR CrBR i, TLloBRioR wRett BF g e iR i el eit ol i
achi eved by bﬁﬁb@ﬁ Oggam 30[0199] - 49 - I n cases where the
position in?ornatlon provi di ng apparatus 100 is enbodied as a nobile
phone, the @H@ﬁ]red informati on may be held in a nonvol atile nenory

420, such as a menor Then, call .i.s sent, out fromthe
mobi | e phone, Ia eaﬂrpgﬁ%blwpﬁfq%@eﬁ@ﬁ@rsggna cqhgpe Hbamp@q%ﬁ{eﬁ{@é Preyide

recipient. [ e
e posi t??fnﬁ%“n £53on, AT b oy ST R thetr? chetinflb gy wee
the posizpi on i nformati on providing apparatus 100 is transmtted to a
base station relaying the call. The base station stores the position

i nformationlQ@4kt her with receiving date/time as a call |og. Further,
if acaller is_an e .contact nu e. 110 i.n Japan .
posi tion infor r{’é?ﬁkg g“?"ﬁ% timg qndpe ﬁ‘ﬁ QE@ 0&# F‘E%ﬂf)? IWBW‘FF%%‘EII ﬁl’%‘bg indoor
the notifi C%’aﬁsﬁ}ﬁﬁ&fzoﬁ-l‘i%d QElo&(ﬂHb tsﬁ@'n&a .b%%HePéhd er%XC%.dO e 1teh%re
same manner as t In“convent ona notifircation o I"er rom a
fi xed- phone ndtrequigdesbe gatloynieeiNiic 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 transmitiers is tncluded in a signal to be transmitted from each of the indoor

. 48 -



[ 0200] In regard to a transmtter to be installed in a specific

| ocation, the position information providing systemis achi eved by
use of a transmtter capable of emtting a signal simlar to 15 a
signal to be emtted froma transmtter- nounted on a satellite for
position determ nation. Thus, it beconmes possible to elimnate a need
for newy starting design of a transmtter fromzero. [0201] In the
posi tion i nfwnsmtterenwhich\dlidiimage syed forl Salawatoradpesiionoinfdumationy §bm signals
enbodi ment, a.2Qspread spectrum si.gnal_is used as a positioning .. .
signal. In R R ﬂﬁsaé%bfgad Téwécﬁia?ﬁ%qsgﬁ?aﬁ,leéﬂ deTRec Ppyitdoning
power per fr 8EM : with a

convent i onalsﬁﬁé tag,ogl?r%h@gle{lr@ﬁ%wg 1?%@3\2@8%&5 Scome easi er.

Thi s makes i[¢198pssible to facilitate establishment of a position

i nformation providing system [0202] 25In the indoor transmtter

200- 1, adsetti fgrtherr arstgnakrecaaving gositiom gadbafdestifiedby adckiaingom sighed repdfted

Thus, for exanpl e, sition identificatjon data for identifying an
i nst al | at i of*Pbet PloHeBAPoH dTaRFPIIETE: wﬁ@ynél@m pRsaiileaoymereghsily achieve a

i nstal | ati orfFoe: BETEBI ES: POEnymREt pesetlcaiouape ey
process.  Fuptasl SRS iR ShBhiss' Dutll il pP Ao AR e B0 based

"adverti senpbiitishdeterminatibdyfstetns] uEPrBE GPS., "weat her information”
and/ or 30"disaster information (e.g., earthquake information)" can be
provi ded to[@%kceiver while - 50 - being rewitten in real tine.

Thus, i i ) . hi d.. Addi t i I o t he i.nd

{Fansn fer 2008 1the FoRir i lgmaie TPOATE a8 TPt dY R aeciagmid the

processi ng egivehgodi P}@s@ﬁci%lyde'i a{i%x? Pystc-ﬁtkuéan Ned AR BRE QY&%& GRLAREed
schenmes (nodulation sc ious

used in comunicatl o enes) in var

posi tion defiemnihedidoon tayshifes200F rwilleot atmbel forUkeicattd hivdwakephidd b Bignal
message and the nmedium | D nessage nmakes it possible to acquire
vari ous posPIIceHgshmbearhiavedbyiphansing or pydiYiag boftvedre. s dhys thez)is no need to

0208) "< oL MERLE AT, g £, P Ve L s e, R
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 circuit 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 perforned in a sinultaneous parallel Janmer,

so that a calculation tinme 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. apparlatdiseslWibre [22803ition infofnAd8i frb@aing HpPArRS 1100 isdEAddidg: a
apparatus 1000 according to the nodified enbodi nent conprises: an

ant enna 101@aobilephore guseqiited idfprnition may de heldda kngnwdsihememeoryt420; fveh as

t 101Q; , a, | i |ifier.1030 trical. ,
he. band- paddlebh PRS0 THR0rHEA ~ihis DR AVEO B BADIERT AR Y n the

connected t é{tﬁ:};| i Ll L& = £ 1
el ectricall 3&1 con gg%n%?tb%q{aﬂgm%%%fécr)éncgj?a%terln?g%gc;apegﬁgﬁﬁ%l itcr%({]n\;%g e?bom
1060 el et r ithatdller, d@n pesities if@ndatien bapie® @9 fhielibdvor HASMit@ Watha pbstion

correlator 1070 conposed of a plurality of correlators and
el ectri cal | ynioonativateeyiding aperans D0¢ srivasmisied 106 Dase stafiprocbyngithe1@8o The

electrically connected to the,parallel correlator 1070, .and a
2Smemory 10985 RERsiaze b PesihdePamition weRP% Miae S na e 6pa 6pll log
The parall el r t [ I 1 - 07Qz:
The correl athﬁgéréﬁtaoggeureggggfl ﬂgérg%ﬁgn&gﬁgf)r?tﬁlfn gf;pg$%1“hglzgégj[t %8?‘% ﬁg%{im
t he processanfodfiidn of thepelldr aiaba die@yansfie OfhusaheRitifgatae a@hlld from a
plurality of received positioning signals with respective 30 ones of

a pl ur all0t y nepbile sarebpaghievedin e pameanather as Gahipdoheantionsh sotifipstion ofd eajler
signal, in - Séx' Si mél t aneous parallel manner [02071

Speci fi cal | yo HEXGRIORE SUMmE FSEEPSY W Ehl e to give an instruction
for generat i[gg)o? plurality of code patterns reflecting a possible

del ay occurring in a pseudo random noi se 5 code (having sequentially
del ayed code pHasesjd toa ttahemittor o dk aisaallsd bf a $pheifip &ocalidie thepositiel mf@mation
1070. For exanple, in the existing GPS, this instruction corresponds
to the memb@FOVHIng sxsiem jspelicved by use ghastrasuiisr gangplept saution? pigepl similar to

101 2° 294 BUSLR M58 AR OR P R R
correl ator HOKE) iOBERHRE PEssidldHoldlMihdty aQlee® asleneRd bBAIE HbEA OF @ Mankiitter
code phase from 2610,
[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 cen 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 changed 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 transmitted as

messages, "advertisement data", "traffic information", "weather information" and/or

30  "disaster information (e.g., earthquake 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
nmodul ation 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 forbepgrcofitenih Ralnime.hi Tigis, Iaripio s@eisésn@nUgl &aficvdie @@dRionally, in
patterns. This operation can also be applied to an operation to be
per f or ned wibhindens tygashitteni0r hfisnyare o thegiPSiA Hrigr pppaming@signglprocessing
receives a signal .frgmthe indogr transmtter. In this case, even.if.
2 user of t RER IEsHISelR PHRETmriUh BF OO A 4P (5 uF OB | commpinigation
i ndoor ar ea, g Regds b ' : | us

acqui r ed. ZOSE:0208](h1%u}hflﬂélrp§)({ﬁﬁ%l$9\?\%ﬁv%§lﬁt Ogﬁggrdgﬁ]g@%ﬁc%?%e gl'([g 'or#%L?B the
can per f or musbef riwt dortnd pesags sndithefmediah [IDohedshge pslely O psRBIMBLOM acquire
noi se code patterns set in the satellites and the pseudo random noi se
code pat t er igriguspopition-relatedpdumationfremitherlagad serves 284si nul t aneous

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

mat chi ng pr li ng is not perforned for all of the 25 pseudo random
noi se code pat tgRSTIMEODIMIChIfOSYrErkdERE@Nd t he indoor

transmtters, in consideration of a relationship between the nunber

of correl ators langladehef thendomfiguradionds tdocorRistaMmipy $E peovitied fatthe position
assigned to the satellites and the indoor transmtters, a tine
requi r ed0f orinfggpationipieyidiog rerasis 19007 plutalibnofcerelstorsingnbg sednt Inythis case,
reduced based on the.si t anequs al .el .processing_.using the

bl uralsty oft EGRPUED ReRriEsisgs B Bosi oy SERITh PRALTE b ammmreons
the satelli tR@@Ndadnbe sb HEAOLEIGAADR Mk HE fosROR irlf6:ARR0H bdnl RGediicanal S

in a spread spectrum schene, i.e., the same comtnication schenme, 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. THis !4 imebligsk dpgram ssowige agontighrationpifke those mogiicyinnpfghe
si gnal f1r50m %Qﬁp" ﬂlffor{'ngﬁof;?}#)%ldhigta ?ar&{}éjl(fb. signal fromone of the
mitters to pe

i ndoor tran ormTa*t écel ving processing in a

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

foll owi ng, in thepgsiivnt idarmatipnr pravidipg  agpapatesy i @0 gacapdingatashd 00odified

e e BRI O B by
t he | ow noi T : A . ¢
band- pass figd ﬁﬁenﬁgﬁglo;?ahgwll%/o@e G l\fﬁ{rtlgﬁ%élgé%ﬂcalﬁ%nﬁ&%d%‘fﬂlﬂaﬁ(!{-Pasg filter

correlator 1070 for a signal processing between"the reception o

posi ti orR0si go2o; adewik-benvgaerel B0 dettrivklly rbateord itonhd wheoist applifieed 080} a
a display unit (which is not illustrated in FIG 16) may be forned by
15 har dwar e,baggpesa filerol058 siesiicallr copaentad te thegdan-epnwerter dé‘“{; #h &/ sanvestr

D0 scor i Ao et TR, HReReRd BHET ol ob BB P8 ot
MODI FI CATI Ouoﬁﬁgs%é%lavg%au%ﬂef S5sts TR ddcatafyasi-BRd o Ae AP converter
recei ver according to the present 1nvention will be described bel ow.

The second rddd;fa edcessbodid® riectrichlly benrdetsd rto ke phadleldcorelaor &XHIRNE a

where a nobil e phone is used as the position information providing
appar at 8 10eemary Q99 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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Z5ATposTtion T nioriati on providi'ng dpparatus according to the second
nodi fi ed enbodi ment is obtained by nodifying software of a
conventional nobile phone. In the position information providing

appar atus according to the second nodified enbodi nent, when a short

| D message is transnitted to the |ocal server 204 as an apparatus for
provi di ng infornation about an indoor transmtter, based on a nedi um

| D nessage, %)Sggamﬂn1 tlfying a position of the position

i nformation prOV| appara Us based on data - 53 - included in a
signal fromppdeg)i ndoor transmtter, a process of acquiring position
information is perforned by connunlcatlon using a portable phone. In

t he second nodlﬂ‘pﬁeﬂcé}ybml prems;oraowm oneoableofo gibe axmimtduenqumngeming a
al so be |denﬁ|f|ed ased on a short E@h age and. a nedlqu ,
message. galgy ,989? & Rfferms refleqbng ‘FB°§§ laysoeuaeaépéms dRRdom peise

The mobi T SPASERRARE ShBiaAD AL B8 6 1 HETofpBlAE mERh e ol A0
enbodi rrent qam detop eRAriifle, an RS b HRE GFS, ke 1ﬁ§&bbtlc& AR nid Hehé mehdkr of

exanpl e, even in a local region whére there is a few nunber of base
stations, i satblittonmes? po$sI3blengto cdce praudel pndtet ewisenerda ttsint ioohe afed.

nobi | e phone based on a short 1 D nessage and a nmedi um | D
10[ 0213]  AcFordmgdo dedectREITIda dherrorrelatogs @idh p@*@'@ﬁ@@ﬁm@rlfﬂo

rocess for i i. i
D oears | oo RS ITHIRIAGE R0 kL F RASER L5 Ao
Thus, angopekiag pdé andemReist Qb shitiAS Betdn ﬁiacshﬁemt@ mﬁ@q&nﬂ? 4 @he entire
medi um I D nessage are received froman indoor transmtter w be

primarily dgswritedbebdePoidmsythef©d bag code pamr@ldellﬁcalSo a pelivdg raxdvsmoise sgde
a usage state of th on informati prpvl din rat.us

according t 82{3R ‘k“@fé‘ﬁdmﬂé‘ﬂ?tfqne érFB‘E?H‘fe HORAg ﬁg?ﬁ)l reffpoalse e
provi di ng a?:ls?ﬁg@t H@sé %o@!"??@dggdcaﬁ‘sb bR Ol O0b Tx'@ef oFaRs ! da%rauel

phone 1200 apte capa e of receiving a positionin

si gnal em t teteliton M maddgOsf 4 pRASIEH bt ®irelatokd reqlifted Fi?dREbming a matching
transmtter 1210 is connected to the Internet 1220. Further, an
i nf or matlPon p{ﬂcwm. uﬁglgéber adle patpezs. ( dyisiopatatipn canoalschiee applied tose\aperation; to

FIG 1 i di
s t 1 or 58 Pl it Sofiah BRI o008 Sabal it 100 Ricgivp g sienat

descri pti onfphd thePRdSBIAGaORItRR AR SHRPLLQevEN S adusk! U fel fositlh i%hﬂﬁaﬁtlon

| D 25 nessages and position-related information associated with of
respective opmosligs appegatsh dO isCinmers Sadpes aeae postjios tiafeatim detabase be
of the information providing server 1230. Further, a base station
1240 comunitstniaspaisliacgiicde nobil e phone 1200 is connected to the

I nter nebolz%&osi 0215]

I other words, the parallel correlator 1070 can perforin 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 parallel processing using the pturality 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 nessage and a nedium | D
message fromthe received signal. Based on the nedium I D nessage, the
nmobi | e phone 1200 transmts the short ID nessage 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 bgs sfhealhed RoibRiRde aRd memis i @@%&a&nfr&%@ﬁ&g are

information associated with an I D thereof The infornmation providing

server 1230 ttahamistinigtsiprialsan d apraad spetihen bhsme, Steq themamt 2éfimuaitatidnvehentd) so
base station 1240 transmts the data. After detecting incom ng of the
data, the ndb4t|9éelﬁﬁdﬁ@d01r29w%a@deawtemﬁéve@n@ag il fhgnsan qsfegorvecapigotsed as

t tt 210 d f t t . d t

oot ved daiios dnan Rgeh TP iR aFa b b BBkt “TRE noprdF
h 12G0. F :

Phe mobi e phoanch St (U BLERGRL R Gt of o sFGDME Bl e of

showi ng a hah¢lindses tansmhittgi tapérmol retingplotdssing ongmiRiRouslaralleEmanner
nobi | e phone 1200 conprises: an antenna 1308, a comuni cati on device
1302, a CPU withpt pagticuinp distinetion bptieen ihe332@S. a camera 1340, a flash
menory 1344, 0 M 1346, a data ROM 1348, a nmenory card drive 1380, a
voi ce- si gnal[ cessi ng circuit 1370, a m crophone 1372, a speaker

1374, a displayp device
dat a corrrTunlpca%lllzt)Hral)Iu F 13 B %Eghgqu%ég?%rtﬁn %ﬁd‘ﬂg% I%hﬂfé Q"Sﬁz‘ infétmation

el ectri cdl | yreading apeeatdd 1060 Bhetatal BeFIG. [ 182 1] antenna A0$0,0tha bakid sk e
by the antenna 1308 is transferred to the CPU 1310 by the
comuni cat i df2¢éhe low-nagpamptifier GRYAL 3439, the deparcapyaster 040 thedtaad-pasydilter

signhal tot nal SSi circyit 1

voPce- si gnaltO8tab auD hteneR 1R8540t Gurkle] <opBRE i B e progresing
signal to a f PLAGESS d S{e
signal to th%ﬁ?ggatﬁgﬁ&e%%p%krhaebspeakglgﬂal?,% fhtseh%egg%g&ggghgfagé%&gn& Be
the processeiisphiyghah,a tisplaytynitt (wioctc és nétOPh8iated in FIG. [)emay bde dpingeadeby
1372 is operable to accept voi ce generated toward the npbile phone '
301200, '&nd MBuhy3er and i Rgpsssiph o JOpHAE idpigriBationetheetnatrak Bacsso kgtreled in

the voi ce- Sif@@.ahl) mgﬁbe 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 transmi ssion data to the

comuni 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 .S Qper r 1 t Lanal.. 0 s TR
flash rrerrt%nﬁ;?/u d%él@ ?sgg%lgpf%cg% t’?gei%%{(gorregt Sgllrltge?’nladgltbg%ée%ﬁ oMt Egﬂt&%’u
1310. Revgifsgtafion tib effRiheli38P chinPpRa®dN asih® af pathbRUphahal alnsther @dord
the flash nmenory 1344, and 10 perform a predefined processing using
the dat a. njcgted]ermbodiint arRitiog.6 thesmatikplaasotcan elsahuridentifid Sessd on &

th ind t ed t he CPU 1310, r di g, .
oper at | on et HETHEE ga AGHOTHE BbBSvEDn BELS BRo1ig O B HELori
1348 - i - ' - '
phone. 1208 57D SERERPLT o SE5LHREQRIAMMEN i kCoN kSR PRt Fop
operabl e tie el Hode,ddé andbdile tphénepicoaiday thrthensédaad daldiieBRAMbbdshient 6an

al l ow the nobile phone 1200 to performthe Er edet erm ned operation.
[0222] Théctamring ¢ resitidn o ithe mbbde pheneatislft edon examplee pvemin sdeliahgegidn a
menory card 1382..20. The card drjwve 1380 i. er abl read
out it o SPEEAIT i e ABRRA T Ao oo T at el e &
readout d : dratisedk d. oy : | o)

oper abl e ?Ic))ﬁtrldgl\c/befﬁa glgib)g/%g \# Ite é?t%%oﬁﬁgg?ﬂﬁ%ﬁgﬁ C}Hﬁgilé@g% IP%S dat a
storage af@edipnsured in the nenory card 1382. [0223] 25The

voi ce-signal processing circuit 1370 is operable to performa ]
processi ng f&n the seegpd|medifiesh embediment a penfigyration Lor npraedss ferd perfoming

The CPU 1310.. h i ce-si L. i i it. 1370 b
it egr at eBotgutRRRaligh e o PoioRing il Bl I s ISP &Y i e,
based on dakarBbdiRks. f "[ﬁﬁg,taﬁ%plg@tijor;-%lge pdrioriikd RiRY a%@?fl“?D' & 84ee and a

defined by the data. For exanple, 1n cases where the ash nmenory
1344 st or emdiunbB) message are received from an indoor 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 Internet 1220.. Further, an
information providing server 1230 (equivalent to the local server 204 in FIG. 1) capable of
providing information about the indoor fransmitter 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 pgbo faéc{h fred Beh&PED 1dkGage tad @NMnbdilindint mekshfe Bomah®teceived 51gna1
associated with the data. [0226] 10The data comrunication |IF 1378

adapt ed t o Beseskpt thamediunmalfhmessage theanclzilsl phohot 20attaasmitntia shatilD tmssage
The data co ation | F 1378 |s fo erable to send out a signal

out put froﬁ?mglélé“fgpﬂ?@%fﬁ?w 13 RET 5% e attached thereto. The data
communi catl F 1378 is al so operable to send out data received

t hr ough th(g ca to the CPU 1310. [0227] 15The vibrator 1384 is

adapt edst o gen@ﬁeatr@co\gh (r:xgtth@'i‘ec%ive@ smre@trﬁésgaueedleflﬁﬁﬂﬁﬁrb%rbﬁaﬁg seRreR
signal output fromthe U 1310. A fundanental operation of

mobi | e phor@3dfas muadbadaasmatddwlﬂrtﬁeslsmdmmgsagerand eeaﬁkmktlpesitmmrdlhed
art. Thus, .its detailed description will be omtted. [02281 20The

nmobi | e phor\%forr%@nqucw&d Eehpi dest hsres%s.?heowfﬁaﬂagwgﬁsﬂwc}%éwr%dﬂﬂ
ant enna 1331‘]9@&% e 18 'ts Nk g s&hg[p%zrd %ﬁ&!tﬁ’ehr{g? 187 angﬂqzzﬁfﬁ&dsﬂqﬁﬂe

1314._[022 € positioning Si recelrvin Ion
conprises k@, apkiedtechiRincbiibig Blftﬁerda&t ﬂﬁld&aﬁnetph&%zou Rén ac gulre a position

down-converter 406 and the Al D converter 408, which have 25 been
descri B8d afthcdmsonemsmitten 1BE) ealdhnfemmyelhfad tivthe positiont Haeedyostht reoeived
| nformati Ogata, 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 bufton 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  to each 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 to fransfer 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 tgiecek¥iid died@. 1370 tTHeSvoicedslgmal pRREtking Wiratit 0870 fshpetible] Bisad 65
section 412 may al so be conflgured to achi eve the processing therein,
based on hahelwand, to pesfosnc wedediord wienel, privesting for qalleahsead vat dpegcessed

orovi ding. et i 08 CEGoLIRT ) B BRCER VTSI & @%@@ail@%t" & Pkiey e

5[ 0230] e ,

Che. i nf or P oR S av I g 2arver C1o38 tfpPRREh a6 e K HEThEAly Yooy
bl ock disagriaon.shpw agnButicitidinaleeice Q802 Gubrdbln t0frakshet ihef SanaBtHr@iEh the
provi ding server 1230. For exanple, the information providing server
1230 nay bemieom biﬁ@danﬁl}htal the base tatiorh K140dsenstabis toggasiverthe sigfab231]

As maj or hghgﬂﬁ the information providing server 1230 conprises: a
CPU 1410; put devi ce including a nmouse 1420 and a keyboard 1430

for accepting fp g%gghem%&uﬁgagda@ edo LPGE tﬁlefrelf Nl QBPEHBHEQ'@ZP.U 1310.

pr ovi di ng server or tenporari storin

dat a gener eReersbigsite CRU 131Pisageableas @@db&dddta’stél’@@ uﬁﬁiblﬂis‘lﬂ;ﬁerﬁérydaw and
input 15 through the mouse 1420 or the keyboard 1430; a hard di sk
1450 stldri rgrfomen piedefinet aragessinglugimg thefdagtat a i n a nonvol ati | e manner;

a CD- ROM ( ﬁﬁg@ict D sk-Read Only Menory) drive 1460; a nonitor 1480;
and a co tion IF 1470. These hardware conmponents are connected

to each ot her RARR Bgi{b
drive 1460. 201%’232] %ﬂéﬁg?é‘%@?f? in tégﬁé%t%uttﬁééﬁﬁg&;}g%érﬁ%@?%%g

t he i nf or meBi Qraceordvg th 0 maswl vpsratich3@riosnaicizpmmetie bperﬁthm ‘daamdmme ahel
software to be executed by the CPU 1410. The software

pr e- st or ed 2k RGN lr?*éﬁdlrwtgu@s thesain datp Op 2 preEraR fgr, allpweﬂgstbﬁ weﬁﬂ@phpaly 18@0
a type 1\@‘” QE' plaﬁor%[ Oﬁr%getérﬁnﬁga opg%u 'IJh%G(?PI? ﬂ%rperae‘lt %o re%ﬁ?h cia?agor the

medi um as
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 atea
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 conmerci al | y-avail 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 recording 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 sthértinalaty @Q., SRL LR acdtsifor henifbendtan graliidiky 460 1030, the display
1410, and stored in the RAM 1440 in the form of an executable
program TH&d30 disnleyy the BRér abl e t o execute the program [0233]

The har dvva;@ &i t he conputer system achieving the information

provi di ng $<rer 1230, illustrated in FIG 19, is a comonly-used
type. Thus, itTgarg i %.b']g] ’ : .

i nformation pr]c;vi dilgg%@sv\glrﬁﬂgggﬁflge‘?h ré:econ eﬁ@%ﬁ?’@@”‘?&%ﬂ ]}r?g%c%orll%
sof twar & stsignadifrom thid@PRAB (L 440y exddigpid) ded R $X76lsaPbe tdndiphid RO depBifle
or other data recording medium or_software downl oadable via a

net wor k. Arpiansbeating 6plwelity 9€ colassdwhy Biserse; e 1 dTtkis onealler hasedsomdata
known. Thus, ,i .detailed descripti il be omtted. 1Q[ 0234 )
The T ecor diingdeRdR arrael suse e e s 2in e oo BERR Rln Solly oncs g it
di sk 1450, Hufdrey be a nedi um capable of fixedly carrying a program
such as a nagnetic tape, a cassette tape, an optical disk (MO
(Magnetic Qp2igtal Disk/MD (Mni Disk)/DVD (Digital Versatile Disk)),

an IC (Integrated Grcuit) card (including a nenory card), an optical
15 cardll or a BierdatoeemvaieeationdBriy7$ ircadapicd o acesnt kn Mavhment aERPRON for

and a flash 023 used herein term ' program is.no
i ed &0 MAREE AR, s SEPRERoR I (RE trpeihus i ou Sl
includes a R GRAPHRATANBYP0 (R COMPLRSRRIOMBRYT 4k §@A%oRunication IF
encrypted program 20 [0236] The short I D nessages and the

posi ti on- r el3d§ eschldorvperabiatte samd astdatd ratedvkdwhiohgli the caiignd the OPeEdages
are registered on the hard di sk 1450, as nentioned above. [9237] As
above, in t[ﬁ%”[iosi 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 illusirated 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
message and a nedium | D nmessage, depending on situations. This data
is stored in a server apparatus for providing position information of
the indoor transmitter, in a manner associated with position-rel ated
i nformati on. The nobil e phone 1200 functioning as a position

i nf or mat i orcopfigiitidn e appeitat teatidr 4TSty sls@bsebrdiaaret td Bhigs FRgRodddsing
the server apparatus to acquire position information of the indoor

t ransni t t erthesein; bepeskonehardyrare, ansiaad @f saftwarg o Jurthernthe same barflyyare and software
transmtter. The use of thisjnformation providi. techni g kes it
possibl e ¢ SOBIRHRGRER & Gossdndhs pbbR g opate v epbap o0 slistiped i
i ndoor trar}q@;j‘fg]ggy p{Ton lf]heeng%)@dpy the indoor transmtter itself, and
therefore facilitdte changing an installation position of an indoor
transm tt erf023] 0238] <MODI FI CATI ON OF SI GNAL SPECI FI CATI ONS OF | MES

SI GNAL> Al t hough the I MES signal specifications have been o
descri bed wi t Withfralewnesta §IG £5.2 specificigonligwationiof ghd gormeEs) prayiding

speci fications al, be enpl py [Q239 OThe.fol |l oM n

descri pti off™WFi qu%oe \’ﬂﬁglée §F§ng?cfl xe/ﬁg_}bo t lsalddllj’lfj‘%ﬁ%%é%ﬁaén bgg?%g‘gna hardware
respective .gh@nal; he bt - Li | j :

| MES si gnalc f(ljescrnio%g)gqih%liconnagif:i?ipg(lng@mn?ﬁgﬁﬂcgé 0SI\/tF((% féLﬂZagﬁb FJOE]%HO Hcfiition
i) Struct upeoviding Sensn 2300mid bhackizvedit 4 tdnyemiondindaputePosieti. on

| nfformation (Prevention 15 of Erroneous Synchronization) and Ensuring
Hi gh RdPi a?33lfy of Indoor Position Information (Prevention of

e roneous, Cap i el bl DR RSB S AR B BONSE Bl
word exceplyaph@aried iMidnd 3 AoleaBo A0 ReyboMAt1448! 1L ablpting an jnput
incremented every tinme each word is transmtted When the count” val e
i s count ed ingorutted B4 ider of the irdfomnmition provjzitwgaderven 1 3305 b R3OV 1640 far teaghofatiiym
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 communication 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
1s 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 Intemet. 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
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o241} ——Apreanble-of-“an“irndoor-transm-t t'er "1e€ssage 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 make
it possible to quickly recognize erroneous capture. Further, the -
count-up operation nmakes 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 contingen satisfied ositipn other than a proper
Dosi t i on_ aramnpt i s debgremypdls COk a1 Biopushl terete 1% tesithor o
frame to e bﬁglt]ish frame synchroni zati on so as to prevent 30
erroneous §03| ion information frombeing output. - 60 - [0243]

| ndoor / Qut doorTHedigdwdre @A tth® BodegerSiysfchagthid? e Satoingical pridgRl wervkr
Const ant search/ capture/tracking of indoor and outdoor signals by a
mul ti corr dR23@,odlustrairds i EIG.atYeis |20 aammwonlpniselpyae.at Teusy dqeanr b gaip dbatra
savi ng, _such as _.a nobil hone. 5 Thus,. it is desirable to, in a
ndoor  dr e&ubRA. Rty tan SHoRmstPn STEVRe s | HOAR db dRHRY dpeified
search a s ] i i ! . h
ndoor 51 guareieRt 8 spRfne S SR KAV 08, By SAHPAREPERL b ROM 1460
i denti fi cator @thep84th $écofdimOmbduinS0fof0aR! RvnldadabloRRSAgRwek. aAniopeatin
signal. Wien an indoor transmtter is installed in an outdoor area or
in a cell értkpehardmaramf dha croamutcametwork frewell kyowis sHwstits detailed Aescription
receiver is., %erab , when the 10flag is "1", to start a code search
for capturi"ﬁg &f door satellite signal, and, when the flag is "0",
to ter nlionatimﬁwe code search for capturing an outdoor satellite

4

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

be nore speci fTheabdoydide avtivaeld oeligived kothe €XRRIONE 1460 aaimite hbid-diskeThso,
GPS recei ver nounted on a nobile phone has 15 eight channels, so
that it is behpabbe aghedimmenrpablredfiistedlycapyingianppperedic Riohgsdi magnetic tape, a

cate 1t oo SRR o ookt B Bt Bl MBS 1
searches f ofer@AR! Dfsk))Jars &t §lhdgrRed CARA) STard AZARding a 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 sigral emitted from an indoor transmitter installed on or under the
ground includes data about a short ID message and a2 medium ID message, depending on
situations. This data is stored in a server apparatus for providing position information of
the indoor transmitter, in a manner associated with position-related information. The
mobile phone 1200 functioning as a position information providing apparatus transmits a

30  short ID message to the server apparatus {o acquire position information of the indoor
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As a prerequisite to reducing a time for acquisition of position

i nformati on 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 transmitter.
[0246] In this normal state, for exanple, a given percentage (e.qg.,
20% in the above 25 8-channel receiver, it corresponds to two

channel s) afankfiRtef 6f QrRlrSielatedtb @ Positioh b€ theRRAdo idhstnif@ar The BasHdhis
on PRN codes assigned to indoor transmitters, and the remaining
per cent age iprmationgovsdingtethniqueoakes itgossitleto, elintinaior needpgomaliowing posikon

aael aned | RSREIT Toat ifgh FERTHo s 05 eHEEY 46 THBRS CafeRyer Tt and
perf or o ahetfife ANAKE RELARILAIRAIAEN ohlfor Sl M BBamBlue, T oas0n.

tr
When t he second posi can-be capture posit
i nf or natsi orjoeg3y) be i mrediately output from position information

obtained froma nessage in the second positioning signal. Thus, it is
desirabl e to cOMOIBRIOATION QORI AB SPEEEIE€AIIONS Iy SIGNwlor

t itt ' t %, of .t he, t o . h b

onthe PRN 5 bteh REIMEREbSHerieRIons DAt der iR AR TS FLpSy
f d, f | ' | t

ndoor ar ed S 1 {QERARIBIES Geled hoPEHiGhs mll S B YRPEYERLC pg

signals, thez2®garch based on the PRN codes assigned to indoor
transmtters is started only after the search for.capturing satellite
si gnal slli s seqlienfilleming desctiptioredvilinbe tieda primargy gaboet @i dididrentsa tbeiGrs

signal s cannot be ad at.ely. recgi veq. bef or 0 ing .the .
ShoTE to’ anbirele e feiors s MoorraiMER saRalid AR niES Saf difrbed

transm tter, RosiddQRiNgGS 9ppls fromsatellites are received to
perform position determnation, so that position information having a

| arge error[0240jout put due to influences of multipath and reflected
waves. [0248) 15Further,_in order to qui ckl%dcaptur.e satellite

si gnal s when a) §9eitugdoeinsprpsdligh Reliabidity ef ladoqardosition (nfergeption (Rraventipn

IS nec ar o_performihe search f satel].i.t ignals.b d .PRN
codes Pom¥nETgREl MPelroSARH) e drediel fUbL dapRg 1o R RO
codes assi gRRENAtRNI(PEOGoh bAREMdLE Bptulel this case, it is desirable
to increase a percentage of correlators perform ng the search based
on PRN codes dsshgnedifted IMEfosigndly acewmitert et bavitpa givearipll epgtBOe.g4 ailsbit
preferable that 20% of the correlators are used .for_the search based
on PRN codé@’@bé? gioEided & SYqTH exoePh A deadg, Werdin g KA apg e spuntypwe 1s

220,10t LIE-SRaRel ARagg: T SAUESESS SHath 1 LBHhe s o o
i nf or megoi on 1pr ey belinBGp afpaioatwll bs vakirias frdm 000.
[0241]
A preamble of an indoor-transmitter message included in the leading word is set to a
value different from that of a preamble 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 performing 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 @k4s]t two channels in the above 30 8-channel receiver,
position informati on can be acquired in an indoor area within a

shorter - 62 -i)Ipéeqrgntddor idenblicotiondgsistdilag Roweripvingef Recaiverst r ess,
whi | e suppressjng, consunption of .a battery. [0250] Th fore, the
Ut Goor || ndoor ST PRtk Saskie O PRt ind A RS Y B et
in a5 sign RS ] |
the BD bi £ TEOko? gt IGRSHL M e AchRaRer A Mot £ & AL Hhbhe
i n a boundarhusyiéndediratdeto, DMEsdRR vaialch @B andifdo? W0 ind i@t outddid
to "0" for an indoor transmtter |ocated in the renni nigg regi on of
t he i ndoor @peeacardyasatellitelsiznal while perfarming dcode sparch)for froRBaqr sighThiesing at
art the search

receiver is_adapte e BD bit s ."1",_ to st or
out door po?f’?s?f)’ﬁ? ﬁ%’?&gng‘l L‘?&d’r\‘@oomﬂoﬁ‘ﬂ%m’éﬁatlﬂnfasﬁl\ﬁﬁt ﬂ‘t_‘ﬁ' 1s IP%)TPOT"HC‘E 1 a
termnate t &S?g‘ae%?ﬁﬁ'i11dgg'l"ﬁ%nal.t W&%%do%?ﬁﬂsﬂiﬁertisom%ﬁédsiﬁ}én Q&P@or%ea or
need for effici‘ently reductng battery consunption and a need for
reduci ng a ihianell bexdeningesh dudoofagalithd flagol s@fic PO'ST Il reEeivaR iDsgERbIeD When the
duri ng novenent b"et ween indoor and outdoor areas. 15[ 0252] (Signal
Speci fi tht i #agsis 61", ovetart i qpdayisyarch for paptuningcan eusdast seteﬁmxgnaécﬁndj Wheal the
to be transm t.t rom.t he.indoor transmtter 200:1 ified | MES
i gnal ) wi TR Urod SRR e 854 bl B e oo elite sigha
[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/tracking 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 channels) of the correlators in the teceiver
perform a search based on 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.qg.,
an Li-band C/ A code of the GPS or QZSS). While the nodified I MES
signal is the sane as the satellite positioning signal in that a
structure of a navigation nmessage has a 30-bit word as a basic unit,
it has a delimted short frame structure to provide a shorter TTRM
Thi's point irgaséhe Whdth@SechitEpsithnily sihal@aibkicagledSosion ikfBrrdE® can be
signal described in connection with FIGS. 5 to 12. [0254] Thus,
(1) RF Char aemeflipiely eutpyt frere poaitien dsforrhation debtaingdbBomadh oessage i thet second

d i pti i.l.] .b i.itted. Th I | ow d i pt. ill, b
about 5 oo PHUEOTIRG SRBle T £ 15 dsSEne MDtbrs Rt sBGRHR, cade ek e a0
63 - (3-1) ;Yo iRl Ufig aboutT08; WPEH &RARARS S Ifﬁleggégrcﬁ %g%ed‘t’)}%ﬁ[fge Pflrl?l

length as that of the satellite positioning signa

cases Whér e cofs assigrtdae hialosit BardinitRes Biros comRlyEdorinae) thel Eslloddndiituation
data, a 3-bit word counter, and a 6-bit parity. 5[0256] (3-2) Wrd
Count er OFEh \What, a wusee apvesatol aaidileng asr abdi ih beromes fmposkihls ta adequdtely

coory i e SREe ARl T Seih Tt OF OITRRY Een oo adiy camgnig i
counter b i . . .

Cosists on Mkl SRydfelie ot forDépiify sAMIERGlals (s sed AR frafibiig il
assi st the itdani iif ideRfrhiaed eHat GRS gighdl§ich@ios ,bet iRquhtdl treddfied. COMI3! BEfore

is configured such that it does not take the sane value as that of
t he hi ghEr - sraling tee Bift to asfuisifien pf pasition énfoimasion of an Bdperdranimsiter pesitioning

15[ 0258 . (3- Parit.y Cod d (2-4) Parity Al .th d. Parit

1T038) ok e s e b BB I e

the I MES si giigimdi6s HaviRed lafbe GHOPSCbiBlk Hhel @ HhERcesof Muikipath 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 used 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
indoaor area, the number of correlators performing the search can be reduced io 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-channel receiver, position information can be acquired in an indoor arca within a shorter
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[ 0259] 20(3-4) Frane Structure FIG 20 is a diagram show ng a

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

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

I 'engt h, and pttiei pf emeblighous sdigdctingadisBytoastivns SagR-supPpessing ¢dsbdhption of a
having a given bit length, e.g., a 3-bit length. Except the 3-bit
word count ebafitiy.each word except the | eading word in the 30 frane,

and the 6-bi69- 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 onernaidle, RS ddRIor/ARISSE MERIBatRR sk SR gl@lgf%it?ﬁ?%e de¥Bd in a

wor ds, and yet another case where one frane consi St rds.
5[0263] 5 s#hilho betraddadtisdfionh ae thdbdEfansmigeg whereidhthe BTAbIS Fisti 0 d 1 fo Bhe
each of the indoor transmtters 200-1 to 200-6 is standardized with
the satel | i & sidppmimnsgitrgleated m & bourdary fwhen\goiser pvescretivesn indoor gnd
different fromthe satellite _posi.tioning sjgnal in terns of the.
nurber of wiBROmERRNG G D ERAP e ittt ORrarsd ingfe Frvadiind iopyat the
modi fied | MgQoss SRR rrality of words wherein the
nunber of theOm%gg@efi&lygssgsﬁgﬁn?ﬁ%?a?faymr ds included in one frane
of the satelf®d5ae positioning signal. [0264] (3-5) Preanble

The 8-bit preanble provided in a |eadi n% end of the 1st word_in each
frane hd8 a 15dghpdacasier ipgdamedy when the BD bit 1s "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 LI-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
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 TTRM. This point is the same as the signal

25  specifications of the IMES signal described in connection with FIGS. 5 to 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 frame
delimter. Differently froma bit pattern of a preanble of the
satellite positioning signal, the bit pattern of the preanble of

the nodified | 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
message-type | B-{Mvld RfRwirded after the preanble of the 1st word in
each franme indicates a frane length and a content of a frane

i ncl udi ng the Osit weond donsBE[dF2B7jame word lagtipasrthatorf thesawdlin pasitialingsigfal,

the MD and a frape |l ength/content in the ified | MES, sjgnal. ar

the same as e.ghéé gﬁ%»l Ry s45EmYhere PRe wprd coppisty @r}oigéﬂlts(‘%lee"-’oii H@L&’%?Sél’fkblb ata, a
Massage 30(3+.6-]- ) ~T 1D "000": Position Information 1 -
65 - \/ﬁgﬁ rézmn%{%;aagggt(sy%g& ‘is 110001!, the frame length is 3
words, amd [g2e6f rame content is position information. [0269] FIG 21
is a diagram showi ng a frame structure of the nodified I MES signal

when the 5 naséageWogdEounRri s 1100011. FIG 22 is a table showi ng
respective exapples qQf data contents_in_the frane, correspondin

val ues of a bi CateHEnexgRt adepdingrvqrd ina frame. dis p Wokheoupier) | TheddGa 245 of

range to beth?ﬁ?do%?&%@nﬁtter 200-1 is operable, every time each word s 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 '

{02597
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 multiplication of the word, and has the following
format. The frame having the illustrated structure 1s transmitted 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 length, 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 parity in each word, all the remaining bits are data bits.
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[ 0270] Wth reference to FIGS. 21 and 22, contents thereof
will be described below. 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 tfopee]204th floor is expressed. [0272] ii) Latitude The
1st to 21st bits of the 2nd word are arranged on the side of an NMSB
(Mbst  Si gni fi cdif. B iljustrates aFase 3vheiet anedismei ovasists pf aerivery. epmhepoate vaiede

21st bits of the 1st rd.to 20the 21 bitg represent a latitude of

Che i ndoor _CPAAGHE LRI G0 g et el S SR e i afpiss Of three
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 eqBivgdmdy 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 ABRnE dheamodifiedi IMES Isiganinted bbiransttitied frave achh@f tthe durlopr
bits of the, lst .wor t 1 bits represent a.l.ongitude of the
Chdoor ¢ 1 anSirrErs g & 3fafEs At G sreli® Fgpess St ismms of
Thi s val ue : : 165 Bt ; : |

to O. oooozlaﬁgoégf EeE‘Ee%‘E‘ﬁ, e’ﬁﬁ@%@%ﬁr@éﬁeﬂ}eﬁ@mﬁ%&g%r 529;%%%%%8’?%%1’“
degrees. |t of svoddjuniidh@Rp dne Bt Sgecificilly,No@nfraas bf dRShodtfied® MBS ki@l

t he equ%or 2 [(')276t] _ ) i .
onsists of 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 Ist 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 illustrated 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 frame length is 4 words, and the frane
content is position information. [0277] FIG 23 is a diagram
showi ng a frame structure when the nmassage-type IDis "001", 10FI G
24 is a table showi ng respective exanples of data contents in the
frame, corresponding values of a bit length and an LSB, and a range

to be expressedwWhidthéShasdideltypei@niencm ! theFkdase leAgthald B BdrdsCend et Same
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 tranﬁgjsﬁtgier is installed, and a unit thereof is "n-th". [0279]
Thi s val ue bit length of 9 bits, and no code. The LSB indicates

the 0.5-th fl Oqlgbégfsiﬁ(a;dfi%g%m Q{o'wi%A Radib Qtﬂ[c%f ggtggfnolaped mrﬁ%ggmﬁen'me

50th floor to + I's expressed. Latit
The 4th o 2ddstrgbitips IDfis 1000".2nFIGORY iare tadld sivgns gespbdive Sixd@pl @ndata
MSB. Total 24 bits obtained by adding the 18th to 20th bits of the
4th word t o copfenty in $he fremeepnreespanding vakues pfja bit dngthhand; andeds (Least Significant
transmitter,..and.a unit thereof s "degree". 25[0281] Thi s val ue
has a code. Prcffi&gneete be ¢upIesiednge of 180/ 1024 [degree] to 0.000011
[ degr ee], \M@ﬂl@ represents - 90 degrees to + 90 degrees. It is
equi val ent to aE')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 Anoffset of — 50th floor is set, and a range of — 50th floor to + 204th floor is expressed.
[0272]
il} 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]
ii1) 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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30T Ty Congr T ude T The At t 624t H'bit S of "t he 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 transmitter, 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. It t

direction on thlelhivﬁg?hm F%M%gﬁgﬁt%?tﬁ}f %en(iiﬁ%o? da&?@tﬁpn %0(%0021
of the 4111 [ﬂ&gt&]lﬂﬂéle&pﬁbem 280 depte@etoof 180N giaasl 0AF istep@nslottid Shout 2R
a unit thereof is "m(neter)". [0285] Thi s val ue has no code. The
LSB i ndi cat 8 an gast-wast@ireelion opfihe cgBatar. i s set, and a range of- 95 mto
+ 4000 mis Sﬁiessed 15[ 0286] (3-6-1-3) Massage- Type ID "01 1 ":
Short 1D [ n the nassage-type IDis "011", the frame length is 1
word, and the fmrae ' b Ilnﬁiﬂz 87] 20FIG 25 is
a di agr a(réh show %HP ?%Errsg&tsrtr étgu?lgp\hﬁgﬁ%rﬁe rras%%ng‘g type IDis

"011" When the massage-type ID is "001", the frame length is 4 words, and the frame

content s 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 ¢ 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] '
ii) 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 to 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. Tt is equivalent to about 1.2 min
‘a north-south direction.
[0282]
30 iii) Longitade.
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In a frane 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 II1\4ES
signal 15described in connation with FIG 11. [0289] (3-6-1-4)
Massage- Type I D "100": Medium I D When the massage-type IDis
"100", the fr aire dthendidth biss o thosdsvordntk irkagdd anthechletcfah MSB.a Taali 25m
ID (IDm. 30[0290] FIG, 26 is a diagramshow ng a frame structure
when t he nhisaljeined b afding she Aighto 24th bitp 9f shef 4thrieord de ithesPlobit regresent a

t he medi um | - hi dium | D nessage and a4 21-bit nediumID
nmessage a%@%ﬁ%ﬁmetl%%qog&ﬁsgn%raﬂ?g%&ngg}‘elr‘??gIlsu@8‘%‘?’? he "out door/i ndoor
identifi cat(jzg assist flag" (BD bit). 5[0291] A content and use
of the medium1D nessage are the sanme as those of the | MES signal
descri bgd i n Ghiznahiedms i dode.F| The ISB i D2AR2 Farikbws 360M6% Jdsirde] o 0.000011
information providing apparatus (e.g., a nobile phone) 100-5 is 10
oper abl e, [d¢eteak pbichachresenis cdid0degreasie +dRBAegtedy nidsedyiévalentitorabent 1.2 m

medi um | D message send ap inquiry about position-related
i nf or mat i off aéloerag'evgeﬁ{)(ﬁmcﬁﬂ’ ?%%Fﬁ%u ssages, to the | ocal server 204
via a commypkggption network, so as to acquire the position-related
i nformation. [0293] 15As descri bed above, according to the
enbodi ment s ofv)tAltupe esent i nvention, at |east one of the follow ng
ST eCtS0!) 1O 136 12 bie of the i work vepyesent an alftde of 1t indoor Hansinifiot and
a unit thereof is "m (meter)".
[0285]
This value has no code. The LSB indicates Im. An offset of — 95 m is set, and a
range of - 95 m to + 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 (IDs).
[0287]
20 FIG. 25 is a diagram showing a frame structure when the massage-type ID is "011".
In a 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]
(3-6-14) 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 1D (IDyy).

30 [0290]
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i) Standardization with GPS C/ A signal Hardware configurations of

channel s for receiving i ndoor 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, channel s for searching/capturing/tracking the indoor and

out door signals can be nore easily switched. A receiver resource can

be efficiently rusems isWiidthanh ShodvEErBIE SR 1EOWhén O hasdbetypRPRIALI U6".

having significant restrictions on power consunption, such as a

mobi | e phone. 28R0REE]|coitedpoRbng totthomedfmTDRM] 2-Fitmeediion B adssupsaulge)1-bit

It becomes possible to reduce a tine from pushi of " .

posi ti on-i nfREHER ilﬁ’nmaasaaff e franstiad: oﬁ%%amasag?o ﬂﬂl@ﬁgﬁhﬁjnwtﬂooﬂmdoor

position inf an | u@)e‘ dey, [0296] 30iii) Flexibility depending

on | ntended 1%%@3@&1@8 a%.s?st"i’igg coRVenti onal fixed format of a

navi gati gn r[@ggs?ge of the satellite positioning signal (e.g., GPS CA

signal) is nodified to allow a leading word in a frane to have an

i denti ficati on A nbénfentenidone phtlesagdivinyibemeBhgharei thy same py &reshpf thesHIES

that a it beco Qssible to al. a transmtter installation

per sonnel télggg?d%%{g’gﬁ‘ifwaéﬁa‘%&?ﬁi’gn% ssion 5 order/frequency of a

nmessage to tf thLansm' tted, depending on the intended use/purpose.

[0297] i@z) nsuring of Hgh Reliability of |ndoor Position

I nformation (PrRMgtht @Bsifén BEEARAGO SroSinehipaiatal fe@N)a AoPRSHidaL] 16045 is

of output of erroneous position information due to erroneous frame 10

synchr o0z awoperableain rbypondei tnireczivang thy shent 110 mdssrge fand e wodivhribninessegeo o

according a schene aof the present inveption. Wiile reliahle

acqui si ti on g %eﬂvl%ﬁbquhgaﬁwﬁet@ﬁgi ‘%gﬁéﬁflﬂn_r@&ef%’ﬁld‘ﬁﬁtt‘?f SCREFHTSP the

position i nfQLMRldnogiiiang SARIARGN RESSAT! s (6 ugje'tﬁtpg)'o'sifiéfn-fglated

an i ndoor position determ nation schene can be 1 nprov by enpl oyl ng

t he schene affotuiopr esent invention. 15[ 0298] v) Ensuring of High

Reliability of Indoor Position Information (Prevention of Erroneous

Capture)  [03process of the present invention to be performned

‘(jgr '9”9 e’ I%%(g}b?:ﬁﬁéﬁ\ge\ég?c{o}cﬁr?ég @%S%Ai}n%n %%tk RBLeRGinShHOR) at teast
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
dediﬁa‘ted 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 iif) 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 zati on 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
nmeant to be construed in a limting 25 sense. Accordingly, the scope
of the invention should be determ ned by the follow ng clainms and
their |egal equ valvemiohal fixed f@adt of a Advzaddomessaigsefithgdatellite pasithnirg signal
intended that al| changes and nodifications made wthin the scope are
i ncluded t hé¢-gi ©PS ElAnsigmalais modiied to gHow &ﬂaﬁwguwwdpﬁbwufeﬁmmt%tx%\@eﬁn

10 b i.d i f ti
bost t1 oni ng ePUREAEY AR ERS rias e/ TETARE S BhR 0 st Rcpspompes
plurality ofygahield iikea tﬁﬁéﬂ@i&bﬁin@@uﬁf&n' | RAABRe] 6 @&smctn&e%i ah 9 Qratkdmission

and a posi t| on i nformation providing apparatus (100), wherein:

the indo6r tordenfiadqueher oflaméssaheso be sismitgd, depetdingon 2d Qjtendbd ade/mikmises
therein position data for identifying an installation |ocation of the
indoor trand®@%¥ler, a generation section (210) for generating an

second p05|t|on| si gnal S|t on da d 10
spectrum si gnal gﬂ t?fahné% #F‘ ‘ﬂ’gmge t p'or( @Sér)lm* E&bﬁ%ﬂqgn“?? %&m of
t he gener at @qlmﬁwugggnm%ﬁyﬁy signal ; and the position

i nformati on providing apparatus incl udes a receiving section (402)

for receiving a ppssility sgfenitpul rof srgnedus pasitionl énforrigtionglusetotdnmnedud 1ffgme
for, based on a plurality of code patterns rel ated to the first and
second p8si EYShIoRRte el de sliminatpd Py nepriomaingf frime sysbeonization peeardiag a

whi ch d th

Fecel vi ng. Saers et Ge aPuRinrRgt o aRhio RiahE oy iRoe ot Byt Wmaian o
obt ai ned by ra;w@ditfbxatﬂoaﬁcénbﬁ sie?sslmpl iSBFeARn S B@GTgr Hﬁb@bﬂ@akneﬁfagﬂg, the
the code pattern identif he identifying section, determ ning

whi ch of t heeliabiligt ofaamdlnd@nqmitlpmdewmnmtmg sehegrealan bﬂsmpmed bednplaying the
posi tion |nf natl n-deriving .section (430) for deriving position

i nf or rratl on* m@l‘?é GEGSERtARYERBOY-nf or mat i on provi di ng apparatus, while
swWi t chin gémgn processi ng nodes depending on a result of the
determ natl nd an out put section (440) for outputting the

posi tion infor AgtEmRGiste of Vigigh bReltabRitp @S| Tl PositunRifbemtider Pwivagion of
section, and wherein the second positioning signal is configured
to repeat a Esgneousbaptere rressage in a cycle shorter than that of the
first positioni n The posi.ti.on_infor i on rovudn
system as defi e %’r?cﬁ&clo& 1pre§ﬁﬂ'bﬁlé‘feﬁp Thdo %8 OrB’c?gaiBlfrB’ﬁl §EnE N the
conpri ses  a ooyl Xatgiltefé RS0l mun(e udepg G APLIghA) IkaxkeOfit YOEBR to
each of which is a transm Ssion uni a a to be subjected to error
det ecti @n, aﬂftdgmmﬁﬂfrmnaoustcbﬁumbnb&Ymmxh‘hMmmﬁBﬂmlmaibltmnietﬂ‘ama spehfonizhtion
the frames is variably set; and

process, and a preamble search.
[0299]
Tt should be understood that the above embodiments have been shown and described
only by way of illustration, but the description is not meant fo 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.

- 70 -



CLAIMS

1. A position information providing system capable 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 an indoor transmitter, and a
position information providing apparatus, wherein:

the indoor transmitter includes:

a storage section which stores therein position data for
identifying aninstallation location ofthe indoor trans-
mitter,

a generation section for generating an second position-
ing signal including the position data, as a spread
spectrum signal,

and a transmitting section for transmitting the generated
spread spectrum signal; and

the position information providing apparatus includes:

a receiving section for receiving a spread spectrum sig-
nal,

an identifying section for, 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 spread specitrum signal received by
the receiving section,

a determining sectiop 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 for deriving
position information of the position ixformation pro-
viding apparatus, while switching between process-
ing modes depending on a result of the determination,
and

an output section for outputting the position information
derived by the position information-deriving section,

wherein the second positioning signal is configured to

repeat a same content message in a cycle shorter than
that of the first positioning siguai,

wherein the second positioning signal comprises a plural-

ity of frames each including a one or more words, each

of which is a transmission unit of data to be subjected to
error detection, and
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wherein:

the number of the words included in each of the frames
is variably set,

a leading one of the words in each of the frames includes
a preamble for establishing frame synchronization
during receiving,

the leading one of the words in each of the frames com-
prises a message-type identification information
indicative of the number of the words constituting the
frame, and further indicative of whether the frame
includes position information or other information,
and

if the frames include more than one word, the remaining
one or more 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.

2. The position nformation providing system as defined in
claim 1, wherein:

the first positioning signal comprises a plurality of first

frames each including a plurality of first words each of
whiclt is a transmission unit of data to be subjected to
error detection, each of the first frames including a fixst
preamble for establishing frame synchronization during
receiving; and

the second positioning signal comprises a plurality of sec-

ond frames each including a plurality of second words
each of which is a transmission unit of data to be sub-
jected to error detection, each of the second frames
including a second preamble for establishing frame syn-
chronization during receiving, and

wherein the second preamble has a pattern different from

that of the first preamble.

3. The position information providing system as defined in
claim 1, wherein the position information-deriving section is
operable, when the second positioning signal transmitted
from the indoor transnitter, 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 posi-
tion information based on the plurality of received spread
spectrum signals.
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4. The position information providing system as defined in
claim 1, wherein:

the position information providing apparatus is adapted to
be capable of communicating with a communicating
apparatus for providing position-related information
associated with identification data, via a communication
line; and

the position information-deriving section is operable,
when the receiving section receives the second position-
ing signal, to communicate with the communication

apparatus based on the identification data to acquire the
position-related information associated with the identi-
fication data. '
5. An indoor transmiiter capable of providing position
information by use of a first positioning signal which is a
spread spectrum signal from each of a plurality of satellites,
and a second positioning signal compatible with the first
positioning signal, comprising:
a first storage section which stores therein position data for
identifying an installation location of the indoor trans-
mitier;
a generation section for generating an second positioning
signal including the position data, as a spread spectrum
signal; and
atransmifting section for transmitting the generated spread
spectrum signal,
wherein the generation section is adapted 1o generate ihe
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,
wherein the second positioning signal comprises a plural-
ity of frames each including a one or more words, each
of which is a transmission unit of data to be subjected o
error detection, and
wherein:
the number of the words included in each of the frames
is variably set,

a leading one of the words in each of the frames includes
a preamble for establishing frame synchronization
during receiving,
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the leading one of the words in each of the frames com-
prises a message-type identification information
indicative of the number of the words constifuting the
frame, and further indicative of whether the frame
includes position information or other information,
and

if the frames include more than one word, the rentaining

one or more words other than at least the leading
waord, in each of the frames, include count data which
is updated every time the word data is generated.

6. The indoor transmitter as defined in claim 5. wherein:

the first positioning signal comprises a plurality of first

{rames each including a plurality of first words each of
which is a transmission unit of data to be subjected 1o
errar detection, each of the first frames including a first
prcamblt, for establishing frame bynchromzamn dunm
receiving: and

the second positioning signal comprises a plurality of sec-

ond [rames cach including a plurality of secand words
cach o) which is a transmission unil of data to be sub-
jected to error detection, each of the second frames
including a second preamble for establishing frame syn-
chronization during receiving, and

wherein the sccond preamble has a pattern dillerent [rom

that of the first preamble.

7. The indoor transmitter as defined in ¢laim 5. whercein the
gencration section includes identification data associated
with position-related information.

8. The indoor transmitter as defined in claim 5, whereln:

the lirst positioning signal comprises a plurality of first

{rames cach 1nclud1nu, a plurality ol first words cach of
which is a (ransmission unit of data tv be subjected to
error detection, cach of the first [rames including a first
preamble for establishing frame synchronization during
receiving: and

the second positioning signal comprises a plurality of sec-

ond frames each including a plurality of second words .
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each of which is a transmission unit of data to be sub-
jected to error defection, each of the second frames
including a second preamble for establishing frame syn-
chronization during recejving, and

wherein the second preamble has a pattern different from

that of the first preamble.

9, 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 instal-

lation location of an indoor transmitter;

the step of generating an second positioning signal includ-

ing the position data, as a spread spectrum signal;

the step of transmitting the generated spread spectrum

signal;

the step of receiving the transmitted spread spectrum sig-

nal;

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 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 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 message in a cycle shorfer than
that of the first positioning signal,

wherein the second positioning signal comprises a plural-

ity of frames each including a one or more words, each
of which is a transmission unit of data to be subjected to
error detection, and

wherein:

the number of the words inclnded in each of the frames
i1s variably set,

aleading one of the words in each of the frames includes
a preamble for establishing frame synchronization
during receiving,




the leading one ofthe words in each of the frames com-
prises a message-type identification information
indicative of the number of the words constituting the
frame, and further indicative of whether the frame
includes position information or other information,
and

if the frames include more than one word, the remaining

one or more words other than at least the leading word,
in eaclh of the frames, include count data which is
updated every time the word data is generated.

10. The method as defined in claim 9, wherein:

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, each of the first frames including a first
preamble for establishing frame synchronization during
receiving; and

the second positioning signal comprises a plurality of sec-

ond frames each including a plurality of second words
each of which is a transmission unit of data to be sub-
jected to error detection, each of the second frames
including a second preamble for establishing frame syn-
chronization during receiving, and

wherein the second preamble has a pattern different from

that of the first preamble.

11. The method as defined in claim 10, wherein the step of
deriving inclndes the sub-step of, when the second position-
ing signal transmitted from the indoor transmitter, acquiring
the position data from a signal obtained through the demodu-
lation, and the sub-step of, when a plurality of the first posi-
tioning signals are received without receiving the second
positioning signal, calculating the position information based
on the plurality of received spread spectrum signals.

12. The method as defined in claim 9, wherein the step of
deriving includes the sub-step of, when the second position-
ing signal transmitted from the indoor transmitter, acquiring
the position data from a signal obtained through the demodu-
lation, and the sub-step of, when a plurality of the first posi-
tioning signals are received without receiving the second
positioning signal, calculating the position information based
on the plurality of received spread spectrum signals.
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