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

i nfornati on. Mre eci ficall the esent invention relates to a
t echni awmw|wﬁmmmmﬁlﬁ NG SHSHEM INDOAR TRANSHHTTER

envi r onnent edin netratlon of a nal enltted froma
sat el | ANDMIERHGD ROR RROVIIMNGGPSRIATON 15 HARMAGHDIART [ 0002] As
a conventional position determ nation system a GPS (d obal Positioning
Systen) is known. A satellite for emtting a signal for use in the GPS
(the satellite and the signal will hereinafter be referred to
respectively as "GPS satellite” and "GPS signal") is flying at an
attitude 20 of about twenty thou t he ground. Any user is
al Idwed to receive the si gnal iﬁﬁgggﬁbﬁggﬁghe GPS satellite so as to
nmeasure a di stance between the GPS satellite and the user through
denodul ati on of the received signal. Thus, as long as there is no
obstacl e between the ground and the GPS satellite, position
determ nation can be perforned using the signal emtted fromthe GPS
sat el | k46- Vermdiiwcases where the GPS is used, for exanple, in an
ur ban g%ﬁgﬁﬁﬁfﬁgﬁ#ﬂiggp of buildings often becones obstacle to cause a
situatt 'Ehere a position information providing apparatus of a user
rec

cannot ive the signal emtted fromthe GPS satellite. Further,
degendi ng i |, di o]
duro TRosgienal %ﬁ‘% fon 2e/f1ed ¥ 0 el b PeiahE ooBRon M fhih, P MbeS
t he si [ o fep

det er mgér%g{flcglr%@ % g tlﬁ)Venﬁoug cldh SZ&(Be ?stka t chn?%a‘éé&c? ?@(‘:’;d“\%]r%) Slltlr?n
an i nde@§mahied e%eﬂ‘%l‘iercfrseﬁhﬁﬁﬁﬁeﬁ%ﬂn?gdlﬁgsthef’)ﬁ&?éﬂaﬁbﬁ%f tah§1gh'£ Fenditt¥@!fonPa
roof, a receiving state is still unstable causes deterioration in

accur agatelffe Wksh bn@d 2 PeSiE6MMARIhAN. S5 [ 0004]

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'will
‘hereinafter be referred to respectively as "GPS satellife" and "GPS signal") is flying at an attitude

20  of about twenty thousand km from the ground. Any user is allowed to receive the signal
emifted 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 pérformed using the signal emitted
from the GPS satellite. However, in cases where the GPS is used, for example, in an urban '

25 .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 or reflection often occurs due to
the buildings to cause an error in distance measurement using the signal, which leads to

deterioration in accuracy of position determination.
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VWil e the above description has been nade about position determ nation
by taking the GPS as an exanple, the aforenentioned phenonena are
observed in a satellite-based positioning systemin general. As used
herein, the term"satellite-based positioning systenf neans any type of
sat §0003] e- based positioning systemincluding GLONASS (G.Cbal- NAvi gati on
Satellite 10 Systen) in Russian Federation, and Galileo in Europe, as
wel | asAltiveghilre O Eshnighe b€ odenivingeinr @1 mtledr drea a weak IGROmghaifwliinmhaon
provi ding systemis disclosed, for exanple, in JP 2006-67086A (Patent
Pub pemaitatedrthibpgh 25vabhatrantf, Rubddidag state ig still Bnaei6)6.- Biios 6AuseD SEHGBURIEITOF
THE I NVENTI ON [ PROBLEM TO BE SOLVED BY THE | NVENTI ON] [0006] 20
Howeswiracyiaf pasitiee Heferpuaididrscl osed in the JP 2006-67086A, there is a
problemthat it |lacks versatility, because a reader or a witer is

ani ¥44s an el ement of a position information providing system
Moreover, due to a need for limting a transmtter output to avoid

i nt er f SVbie the ahoyedescuntivrehasdivge made aberipopiaAn datconimgtionhy takingthe GRS ed,
whi ch causes_a probhlem that it is unable to conti nuousl% acquire .
pos ¥ 3B reXeRps the adrementionsd shepemena, areaplpsrviednet satellebased nRoptionang
are requi.red to, cover W de range. [0007] In regard to acquisition or
not SYSIERALR EFEFRL pdd EFOnb§IRifo Hifa rran,Saqeﬁ%te%&sgﬁﬁ%gwmﬁlgassfsrei@queftweany

i B e e et yton dtcdidine (B REo§ ROl A ytier SRS
i i K .k al i th | api ' f 2 bi |

10 oo e B Oend sl eot Tpbsme REDeT T Tt o and mor e, Thus.

Itrr@éérggﬂ becomes unable to notify caller position information in the

sa ner as that in the fixed-line phone. Further, as to a nessage

0 3N SARLARAGY L OE P UELARTRR Ao BRIARLAT derh B hLNG, rROSLEBRI

information 1’'n a nessa roma no phon el ng pro

I n Y670 A& atiPPLbIRaR having a position determ nation function,
pos?lt)?gn ?t?\gf or@gtei[ﬁgn car‘r:I1 Ergﬁ]gcqui red in a location where it is possible
to receive a signal froma satellite, : ’

15 Patent Publication 1: JP 2006-67086A

DISCLOSURE OF THE INVENTION
| [PROBLEM TO BE SOLVED BY THE INVENTION] .
[0006] N
20 However, in a technique disclosed in the JP 2006-67086A, there is a problem that it lacks
versatility, because a reader or a writer is unique as an element of a position informatipn
providing system. Moreover, due to a need for limiting a transmitter output. to avoid
~ interference, a receivable range for position information is restricted,. which Caﬁses a problem
that it is unable to continuously acquire position information, or an extremely large number of
25  transmitters are required td céx}er a wide range.
[0007]
In regard to acquisition or notification of position information, for éxémple, in a fixed-line
phone, a caller iSOSiﬁOl’l can be identified by a call sent out fromvthe fixed-line phoné, because an

installation location thereof is preliminarily known. | However, along with popularization of

2.



so that a position of the nobile pone can be notified. However, in a

| ocation where it is inpossible to receive radio waves, such as an

i nside area of a building or an underground 10 shopping area, there is

a problem of being unable to acquire position information. [0009] As

measures for this problem for exanple, a technique is conpensated which

is desigwbide phoneay mabije commanicanatediavarbeeorac pbpulat inoye afid tmoans rifhuseit often

each capable of emtting a signal simlar to a GPS signal so as to

cal cul abeomepusitilé bnndidy edllamosition infolratemanithtsaomd meinplr @s dwt imtheHxcd&PBe

15 However, in this case; there is a problemof an increase in cost of

the tr aplmiet t Ershetues tooa messge in fan remergenay ndie rdssglepmenteotdawe owarddsclading

the transmtters to be in synchronization with each other. [0010]

Nbr eov ePOsitoy iafirmation i pmeysasaiPom Bebibtizhone snkingBroswieie to refl ection

in the indoor area, which causes another problemthat an error of about

sever al [¥8BE of neters easily occurs 20 desplte such costly

transmitters are installed. LOOll The present ventlon hgﬁ been nade
a

to sol ve t W RGREETbops) @abilephoic: saypg e%tpqsgl% e‘ﬁ%‘@?‘&‘é’ 191y jRgition
Wit ﬁéﬂ?‘n&%?@%ﬁﬁéﬁbgﬁcquﬁfé B aRgoR SR Eszﬁds%b%%ﬁﬁéwagﬁuﬂff?oéa”?tsateﬂue
sTanar FolbPEF Tl WRRLE e kil Haif o it S o
Capab e WP gPi e age! SaehRGTar o PHaS ot 8 Rtging Shan HHgeEgond
“eegq]f °§ho§g&'§%g%&gﬁhaefé‘$oﬁ%m% %é%!g'ug&g}%& ch%%lrs 8%015 I{fgﬁ%ﬁoﬁ satellite -

p03|t|on is yet
anot her FCt of the present invention to prOV|de a posi tion
|nforna{|on providing -system capable of suppressing a cost of a

10T L SISy U ! e O SO {0
posi ti Ofy dribnBE Rdr RBod £ #pIehlity of transmitters each capable of emitting a 51gna1 similar to
a GPS signal so as to calculate a position based on the frilateration principle as in the GPS.
15  However, in this case, there is a problem of an increase in cost of the transmitters due to a need
for allowing respective clock times of the transmitters to be in synchronization with each other.
[0010]
Moreover, a radio wave propagation becomes complicated due to reflection in the indoor
area, which causes another problem that an error of about several tens of meters easily occurs
20  despite such costly fransmitters are installed. |
[0011] |
The present invention has been made to solve the above problems, and its object is to
provide a position information providing system capable of providing position information
- without deterioration in accuracy even in a location where it is impossible to receive radio waves
25  from a satellite which emits a signal for position determination.
[0012]
It is another object liof the present invention to provide a position information providing

systefn capable of providing position information based on a signal having no need for a clock

time  synchronization with a clock time of a satellite which emits a signal for position
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system capabl e of facilitating installation a transmtter in an inside
area of a building or the like and nmaintenance thereof. 10 [0015] It is
yet still another object of the present invention to provide an indoor
transnmtter capable of transmtting a position information-providing

si gnaletenmnidacih. deterioration in accuracy even in a location where it is
i npossible to receive radio waves froma satellite which emts a signal
for [poOKiltion determ nation. 15 [0016] It is another further object of
the present invention to provide an indoor transmtter capable of
transm tktingetanpthsr ohject dfnfiopresdtrit gmeeptiow toprogidsi aypresitidnaisfamation peividiag
having no need for a clock tine synchronization with a clock tine of a
sat elsystem wipiable efrisupprasssigyaarost orf potsiusintter wbichr minrtatd signaldoq POLiWpn | t
is still a further object of the present invention to provide an indoor
t Pansislermenationpabl e of facilitating installation and mai ntenance
thereof. [0018] It is an additional object of the present invention to
provil@@l4d position information 25 providing method capabl e of providing
position.informati on without deterioration in_accuracy even in a

| ocat i onltdhefkanothar 9bjesiefsthe presentdnyeasien j@ proxiflco prpitian nfamatos araiding e
which emts g 'gnal for, position determpnation. [0019] It .is yet_an

Sl al 1 ! : | L. .
addi tSySem caple of Tastlitatng pplalatinn 3 HyrsHifteningg ipside pere of agudidinegthe lik

information - -4 provi.ding method capabl e of providing position :
i nf orPRAMAHeIRSe hes#®Ta. signal having no need for a clock tine
ﬁﬁncgé@gﬂzation with a clock tine of a satellite which emts a signal

- for tion determ nation. [MEANS FOR SOLVI NG THE PROBLEM 5 [0020]
Accor di t her

2 post 1 B 1ot b SET b A kg RuPRP SRR AR Ae L AT bl B
i_ nf Oro%hﬁﬂiﬂ%’g & ﬁgsii%n &f&ﬁﬂa?i%n%?@i&iing gigﬂgl #1808 deterioration in accuracy even in
a location where it is impossible to receive radio waves from a satellite which emits a signal for
position determination.
15 [0016]
It is another further object of the present invention to provide an indoor transmitter capable
of transmitting a position information-providing signél based on a signal having. no neéd for a
clock time synchronizatidn with a clock time of a satellite wﬁich emits a sigrial for poéition
determination. |
20 [0017]
It is still a further object of the present invention to provide an indoor transmitter capable of
facilitaﬁnlsc:,r installation and maintenance thereof.
[0018]
It is an additional obj'e.:ct of the present invention to provide a position infonhation
25 providihg method capable of providing position information without deterioration in accuracy
even in a location where it is impossible to receive radio waves from a satellite which emits a
signal for position 'detenﬁination.
[0019]

It is yet an additional object of the present invention to provide a position information
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which is a spread spectrumsignal fromeach of a plurality of
satellites. The position information providing systemconprises an
i ndoor transmtter and a position information 10 providi ng apparat us.

The indoor.traqg 'tteélinflud S a figst. torzgebunht whi ch fﬁones '
t her eifROVHB&PYBR® GaERIG ¢ PToYEHs PG WHOTTREPE PPYL Bhe PBRat PERTHFO PRY

| ndoorg .t X a%%mi%&eesgnch%l%%ﬁg{n%hﬁ A .ciégk%mef Na &]?eﬁ%%}'g&? emflS a JighB 7 Bosition
spect rum si'gnal’,” "an second posi tionrng signa ich’Tsan

quadr af.uh.e5pdyl ated signal having the position data, and a transmtting
unit for transmtting the generated spread spectrumsignal. The

posi t iy ANE $OREOPRATRGOVH IPRD atus includes a 15 receiving unit
for rébe|V|ng a spread spectrum signal, a second storage unit which
stgregogﬂgrein a plurality of code patterns related to the first and
second positioning signals, an identifying unit for identifying one of

the code Raidr&inBo WhirgRssRt 612 8RIPERNL BvEMRNS MeRAY pRREEId M sti@Naformation
received by the receiving unit, a determning unit for, based on a

si gnalpr@hﬂalgrsg«ste&yca@m@srdﬂlpaéxﬁm;ﬁggia@iﬁoﬁeﬁ@mmrﬁw aaloB P Eigdt (P8 iShma i gnal
using the code pattern identified by the identifying unit, 20

det er nikicinds Whisprea®f spebtgurhi §ighal aft6ims e£dNAf ROPlUrkIGR| 6 satelited S TR position
received, a position information-deriving unit for deriving position

i nf or Maforoatiaf prdadipgssyisiean cofipaikesntn Ond@Eirottimiger apdar dbsison Whidreation
swi t chi ng between processi ng nodes depending on a result of the

dder mrodtingrapparmathsan Thetipleor wahtmitier imelitdes tat finsg stbiage pmiti whioh stores therein

i nformation derived by the position information-deriving unit. In the
posi t ipesitionfdatankr iidontifyioy iadiimgalbyiet dmativh ef fesintbantrastaitdsa igandraiesunit
first data capable of identifying the indoor transmtter, and second

dat a ifotligsaetating,obs tehspreadsipatinami signdloat senondf pasigoning ségnal rvarichiist &r .
Further, the generation unit is operable to generate, as the second
posi t i pafntprempdalatedsignat bavips hwepositign alatahand # angmaittingrunit fgatransafittiong the

bei ng subJ[ ected to quadrature nodul ation,_ and a second phase si gnal
havi ngEenpiatedetsend shechiums sighal el by Position defounaticn Bipyyling gpearayy dndvdesm
5 .[.0021] . Preferably, the position information-deriving

oper adFesIvViAERit fP1deesiving @ SPad FReSHIMG Blaiaccedatiernes P‘@H%’Bi?ﬁ’tsi;%?eﬁ therstra
e R oneale T el Ll Lt R0 L el Lot ks
ar o doeidGRGyi e At st rav@ng bBich Brinaps st ShreBE Sueo itelisdBed
SPr ead SAESELUT 2 SeRbmidify BLATR) bhieafn §SGSLY Sfhallel Hy RATIIAN, e
received spread spectrum signal using the code pattern identified by the identifying unit,
20  determining which of the first and second positioning signals is received, a position
information—deriving unit for deriving position information of the position information providing
apparﬁfus, while switching ‘between processing modes depending on a result of the
determination, and an output unit for outputting the position information derived by the position
information-deriving unit. In the position information providing system, the position' data
25  includes first data capable of identifying the indoor transmitter, and second data indicative of the
installation location of the indqor transmitter. Further, the generation unit is operable to
generaté, as the second positioning signal, a first phase signal having the first data after being

subjected to quadrature modulation, and a second phase signal having the second data after being

subjected to quadrature modulation.



Preferably, the position information providing apparatus is adapted to
be capable of comrunicating with a comruni cati on apparatus for
provi di ng position informati on associated 10 with the first data, and
the position information-deriving unit is operable, when the receiving
uni t @ﬁieives t he second positioning signal, to communicate with the
commi} tion apparatus based on the first data included in the first
phase signal .t o acqui.re siti.on jnformati.on assopciated with ,the.fi.rst
it [ 003BythREHRif, BRGdRE el it S ReRRB e i hetob O b iRt
plurality. of digj g f. lter a .sel ection unit far. selecting one of
Pho. Sty Gt thydof ofpafltt: fradCioibid gtebin Aond @il
oper o} 1 DS r _

posi ¢ReHHglodRaREF e polfioR AR EAE PRGN §RaEI AR e YRBARRIL gng, gehen o
defi M o I ' l 20
P cf ALY, o i SsBpbdiorkhy bBRalS Sk Ao o bR, BEpbARel Mthmatf b |0
recei.yi jot el : Lteoni [ TN 80 B - ct the
cecond Rr iR g REe AT B GORePEARY o RELAG BARRhionBe SR

oper af@t o di splay the installation |ocation based on the extracted
secorid data. [0025] 25 Preferably, the second positioning signal

i ncl udesprafefdtlpt tHRhASRiH G¥BImaATR pmwﬁ@@dapgmﬁﬁ isShapadd. tVMIR' Bipablehef
first phase signal 1ncludes first data capable of identifying the indoor

t r angpinbiugicatiag Svithhe comenmebanbif afpHLEE Fbr pracldikteposesividoaitioni RAgiceadd ve
of the installation |ocation of the indoor transmtter, and wherein the

generdth the fiwdiduta) sndohe paditien irdopeitibarderivimgdinktds bpsralslé, Wik the Fekeivilns et
signal and nodul ati on of the second phase signal independently. 6 [0026]
Pr ef eccabley thet seeorfd positicsiingy dgeal unicomnsundehdgptvet thocahmteichtivar giparasys eac
code data for spectral spreading,; and the indoor transmtter further

i ncl eddlke Arstdsta inahpded innhd fimtpise dighal taacgyite positionpnformafion hesosipred awith
code data, and wite the accepted spread code data in the first storage
uni t theafndt dBa.wher ei n the generation-unit is operable to generate the
second positioning signal- as a spread spectrum signal, based on the
spre&@2Bbde data input froman outside of the indoor transmitter.

0027] _ ,
[15 ] Preferably, the indoor transmitter further includes a plurality of digital filters, and a

selection unit for selecting one of the plurality of digital filters, wherein the generation unit is
operable to generate, as a spread spectrum signal, the second positioning signal having the
position data, depending on a band defined by the digital filter selected by the selection unit.
[0024] |

20 Preferably, the position iﬁformation—deriving unit is operable, when the receiving unit
receives the second positioning signal,' to extract the second data from the second phése signal,
and the output unit is operable to display the installation Iocatiﬁn based on the extracted second
data. | |
[0025]

25 Preferabiy, the second positioning signal includes a first phase signal and a second phase
signal, wherein the first phase signal inclﬁdes first data capable of identifying the indoor
transmitter, and the second phase .signal includes second data indicative of the installation
location of the indoor transmitter, and wherein the generation unit is operable to perform

modulation of the first phase signal and modulation of the second phase signal independently;
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Preferably, the generation unit is a logic circuit which is progranmabl e
according to firmvare supplied fromthe outside. 10 [0028] Preferably,

t he second positioning signal shares a conmon format with the first
positgpa%ﬂg signal, and includes the position data in place of a

navi gat'i nmessage included in the first positioning signal, and the

R i R T A SR VT
© PLUTARL e 1 RO 00 S50 SRS s g o
T s
POSi tiwherfih th8@chS9QQT uhili 303PEEbIB 0 RDbMicPHhel de8Gld posithildGigBslt RAUL sphd

is operable to output the position information derived fromthe 20

posi t i Pacielah §i§hﬂ, bdved bR Dheadlboll FBAE it ieA AnVsutlic af M8 1RGN B8tkmitter.
position. [0030] According to a second aspect of the present invention,

there [pg2provi ded an indoor transnmitter capable of providing position
information by use of a first positioning signal which is a spread
spect r um BieGrablyf timpaaedtionl et A W BRlgid Yirodit Safied lid pesyraamdbie sRoMEE to
positioning signal 25 having the sanme data format as that of the first
posi t i fmwege suggtiat frofihtheiontbider transmitter conprises a first storage
unit which stores therein position data for identifying an installation
| dfat i[6628]f t he indoor transmitter, a generation unit for generating, as
a spread spectrumsignal, an second positioning signal which is an
quadr at ur Brefierabily athe decind pmbitieamnigsignahshapessi ¢dnomonl &irmat withdhefirst positioning
transmtting unit for transmtting the generated spread spectrum signal.
| n t hesignagoand inclndes thespositian datatia placsi off @ mavigetion messagesinglnded ing gheafirst
capable of identifying the indoor transmtter, and second data )

i ndi caasitiongiz sigaal, radatheapesition defernaionodertving undoof the PRSiHPR tigformation
Further, the generation unit is operable to generate, as the second
posi t | BAViHEEsanpawtus 1pcludessa cplgulaton paih avhich i onsiable evhan, & plugaity of theefirst
bei_ng subjected to quadrature nodul ation,  and second phase signal .5
havi ng® R TR AT (B L’éfa Bj Rgtd Qfﬁtha (POSHIRR JREOTmBHRI BEqviHoe

00311, ACERIdLO0. Lo 8 L aSRECt 0f, L1 RLGREN, SQuRntfon. there is
[0029]
Preferably, the position data is configured to identify a position of the indoor transmitter
only by itself, and the output unit is operable to output the position information derived from the
20 position data in the form of an image indicative of a determined position.
[0030] |
According to a second aspect of the pfesent invention, there is provided an indoor
transmitter 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
25 having the same data format as that of the first positioning signal. The indoor transmitter
comprises a first storage unit which stores therein position data for identifying an installation
location of the indoor transmitter, a generation unit for generaﬁng, as a spread spectrum signal,
an second positioning signal which is an quadrature-modulated signal having the position data,

and a transmitting unit for transmitting the generated spread spectrum signal. In the indoor
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position information by use of a first positioning signal which is a
spread spectrumsignal from each of a plurality of satellites. The

met hod conprises the steps of. generating an second 10 positioning
signal which is quadrature-nodul ated, as a spread spectrum signal, based
on poghdsnttter, d@tpdsitioh datenéiudes fitgt dta tapablldfaddntiflyih@ @at in@orafansmitiendear
transmtter; transmtting the generate spread ‘spectrum si gnal ;

recei scogd alagpimichtispesft theninstafnwdn lodeod i dfyihegindbas @dnanittar. pl Bureler,t theof
code patterns related to the first and second positioning signals, one
“of t hgeneedienpatit &r oyerattie ¢d genaatee spdredsecond tphetiomagisiedl, s fiesh chhage signalm
signal; determ ning, based on a signal obtained by 15 denodul ating the

r ecei haings fhedadt dpe efteruleing suinécteds tonguadiausie demdul dticad and d sepadt j@rasg sighalch
of the first and second positioning signals is received; deriving

pdsi t having the seovatlideta, afighbéing swhjcattd togradatwe erwdplaiorssi ng nodes

dependi n? on a result of the determ nation; and outputting the derived
posi t %A1l nformation. In the method, the position data includes first
data capable of identifying the |ndoor transmtter, and second data

i ndi cat i vccerdingfe & th@@ afnest ofdhe prsent inentien. thee isirevided o mathadsef nrewiding

Further, the ste generatjng includes the sub-step of generati nf;
the sPRSHifR infyma 1P’é hrfrv@e &f gAust pogitroping;sigiah Sdudy 1§ FaPrepd PR UM Slgnp ﬁ@m
dat a af

beln d to.guadrat nodu| ati on, and a second se
s.gna?ahaqf HH 1lys %lﬁ 2 Ths %ﬁF P%%?S,t & Sl 1 gEaRtn w%segon |

Eﬁﬂglrﬁ%?f)n Ying Sifl St | ﬁ@gﬁﬁ'ﬁ 5%5% %ﬂf@m s AR PR O ROSHiRD

o i Ry B SRS A S e ?igrﬁfﬁdéﬁrng?ﬁﬁﬁg' irﬂaﬁaaﬁgﬁ)%ﬁwp%f&ﬂ# 3
d B DESCR. PT| 0 E

d?ggis@gﬁg % S:?\%Qtﬁ%mﬁlggﬁfrf:%eura i'0 ere%ls e%lf)um £ %gﬁwdg%ﬁn%% ?Donédpr pémﬁhtsygf

Syt el a0l e Ars i e BB YRR Qo E0RY ESBROHOBENORich

FI G |agrams OWI ng a on’flgura on or an |n oor
trans of
data SrErE g%d%?ﬁ*%enf%ék’%ﬁs%%s&s?%@%%%‘ %”’&ﬁﬂ. R e DR TR PR Y

HG derh@du?at{n‘grtﬁé tBRkd E’ﬂn@ﬁd( s&c@%%ﬁgﬂapﬁmﬁg Fﬂealﬂéﬁtﬂ&d%oﬁ@ﬂﬁt't&ﬁ' rahibRBr e 2
nodul at or 245a for

first and second positioning signals is received; deriving position 1nformat10n while switching
between processing modes depending on a result of the determination; and outputting the derived
position information. In the method, the position data includes first data capable of identifying
the indoor transmitter, and second data indicative of the installation Ioéation of the indoor
20  transmitter. Further, the step of generating includes the sub-step of generating, as the second
I.Jositioning'signal, a first phase signai having the first data after being subjected to quadrature
modulation, and a second phase signal having the second data aﬁer being subjected to quadrature
modulation, |
[EFFECT OF THE INVENTION]
25  [0032]
In the present invention, it becomes possible to provide position information without
detéri_oration in accuracy even in a location where it is impossible to receive radio waves from a

satellite which emits a signal for position determination.



perfbrm’ ng nodul ati on according to a signal format, in a circuit
achi eved by an FPGA 245. 10 FIG 5 is a graph showi ng spectral intensity
distributions of an LIC/ A code signal and an L1 C code signal. FIG 6

is af i | j figuration of a message-data
gener amﬁﬂﬁ$@§§§16ﬁ@ﬁm%%@bﬁgﬂa| bl ock di agram show ng a
confi gm@%ﬂ)on of a message-data generation 15 unit 245c. FIG 8 is a
di agram showi ng a configuration of a signal 500 to be emtted froma

a1 S, TRURUROA0 i FE 8Bl of| o Aot R ADiAE e 90
showi n C&ﬁﬁﬁ%@ﬁﬁ?@ﬁb&ﬁm mhé’férewﬁ‘ixwe Gpmpatible signal. 20 FIG 11

is a bloc agram show ng a hardware configuration of a position

i nformati gag. P'fsoavli)lg&l@@iagﬁ%}%m%g%gw%%%ﬁéuﬂaﬁoﬁof'élpl tarSHOW P80-1.

steps of a processing t e”position Tnformation

provi ding mp§r1§5%a§r%-coﬁb tuahy didwindbRINREL HP AWaGorBed i &€ REPRRAG 29

a display unit 440 ot the position 25 information providi ng apparatus

100. Fhfavided ih thednddo? Gandh@F 800-$howi ng a configuration of a position
information providing apparatus 1000 in one exanple of nodification of

the first |abod) MBMctiond Glocklidggard ok APIARNE AQOKAGuratios 80 mbtlakatr 2452 for
position information providing apparatus in a position information

provi dpadoriiisg swdalaten sicoglit®tod §ged fstnentindicirent actievetl bg apPERORS5.9 -
invention. FIG 16 is a diagram showi ng a usage state of a position
i nt@r mat i ¢iIGpH oy b Girapdy shopad@pestralningenpios distributiond of aml.lGM podw signad@nd an
system according to a third enbodi nent of the present invention. 5 FIG
17 i s &lBlcodksignagr am showi ng a hardware configuration of a nobile phone
1200 in the third embodinment. FIG 18 is a block diagramshowing a
har dwar e -d30f b gus atricinna folenk diagramshowog peanfigdiatign of emressage2Ba genetation
t hird enbodi ment.
unit 245b.
FIG. 7 is a functional block diagram showing a configuration of a message-data generation
15 unit 245¢.
FIG. 8 is a diagram .showing a configuration of a signal 500 to be emitted from a transmitter
mounted on a GPS satellite.
FIG. 9 is a diagram showing a first configuration of an L1C-compatible signal.
FIG. 10 is a diagram showing a second conﬁguratioh of the L1C-compatible signal.
20 FIG. 11 is a block diagram showing a hardware configuration of a position information
providing apparatus 100. |
FIG. 12 is a flowchart showing steps of a processing to be performed by the position
information providing apparatus 100.
FIG. 13 is a diagram showing a screen image on a display unit 440 of the position
25  information providing apparatus 100,
FIG. 14 is a block diégram showing a configuration of a position information providing
apparatus 1000 in one example of modification of the first embodiment.

FIG. 15 is a diagram showing a usage state of a position information providing apparatus in

a position information providing system according to a second embodiment of the present

.9 -



FIG 19 is a diagram conceptually show ng one node of data storage in. a
hard di sk 1450 10 provided in the information providing server 1230.
EXPLANATI ON OF CODES [0034] 10: position information providing system
15 110, 111, 112: GPS satellite 120, 121, 122: transmtter 100-1, 100-2,
100- 3uvehfion4, 1000, 1160, 1170: position information providing apparatus
130: building 200-1, 200-2, 200-3, 1110, 1120, 1130, 1210: i ndoor

t ransm tFI€y. 1629a Ab@rant sichiwing b kis@i20tatext @ positios nfoinavion psotidink apparhtus 221
external clock port 230: reference clock I/0O block 240: digital

pr oc es posigom livfokmat®m pbdidiag alystgnblaocicdib@1®, al®@d: cabedmeat of 1th6, priseho:
region 1220: Internet 1380: nenory card 10 1462: CD- ROM BEST MODE FOR
CARRYhWN@HQUT THE | NVENTION [0035] 5 Wth reference to the draw ngs, the
present invention will now be described based on an enbodi nent t hereof

| A the fIAIG. dRiingyblovek dicgpni shmwing e bardwvare edrdizurationofi rercliilehone 4200 ig the
assigned to the sane el enents or conponents. Such el enents or conponents
have thinkembedimentane and function. Thus, duplicated detained description

t hereabout will be omtted. [0036] 10 <FI RST ENBCDI MENT> _ L
FIG. 18 is a block diagram showing a hardware configuration of an information providing

server 1230 in the third embodiment.
FIG. 19 is a diagram conceptually showing one mode of data storage in a hard disk 1450

10 provided in the information providing server 1230.

EXPLANATION OF CODES
[0034]
10: position information providing system
15 110, 111, 112: GPS satellite
120, 121, 122: transmiftter |
100-1, 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 transmitter
20 210: radio UF
| 220: external synchronous link port
221: external clock port
230: reference clock /O block
240: digital processing block
25 250: analog block |
1010, 1308: anfenna
1140, 1150: region
1220: Intemet

1380: memory card

- 10 -



Wth reference to FIG 1, a position information providing system 10
according to a first enbodinent of the present invention wll be
described. FIG 1 is a diagramshowing a configuration of the position
i nfor nqt Ié‘? r (;ﬁglgl ng system 10. The position information providing
system f cr%ﬁ‘d‘f s a plurality of GPS (d obal Positioning System
satellites 110, 15 111, 112, 113 each of which emts a signal for
position determ nation (hereinafter referred to as "positioning

si gnal " i & i Gt t t housand km from
the gr ?ﬁﬁ@@%%%@ﬁ@?%@ﬁ ﬁfﬁgm]ﬁ‘m%pr ovi di ng

appar at[y 100-1 to 100-4. When each of the position information
provi di'ng apparatuses 100-1 to 100-4 is generically described, it wll

b f t " 00%it 00 nf oo or i di o0 o E
oxaipre. | N RERhoo 0T MO, BRELRE VbAoA BRPAE BiliFbd aspd oian

ter m nalhaauhde tBerEONY eRtAORAloWAR idtse%&fﬁwoﬂ,ea RUAMA tF e humbd03¢ kodd 'S

used herein, the term"positionin gnhal (position-determnation

Si gnal )assiBRANGS Be stfle GRinh&Es 05 PERAGHARE CKLMTRMIAA! or cdnfon8X@ AV E thésame
so-called " GPS signal ". However, the 25 positioning signal is not

i m t echah anb Sufdion s IRa duflchraiehidedifel@ipioniingeMescwilpid ahittat! | be
made based on one exanple where the GPS is use as a position '

det er m[po@ddjon system for ease of ' explanation, the present invention is
al so applicable to any other satellite-based position determ nation
sydqtem ( suciRa&S EMBOBIMEND>0r the quasi-zenith satellite systen).

[0038] - 11 For exanple, a center frequency of the positioning signal
may be 157WithZreMrimce Ko F1Gekampbsition iprmesthnf pregidepcyystein 1 hacq@oding itoai firgt
signal may be 1.023 MHz. In this case, a frequency of the positioning
si gnal epdodmesit efutie prosanhdhvation WADbE GlracrstedAc diliGsilt ison)diggrgmakhdwing an
exi sting GPS LI band. Thus, a front-end exi sting-positioning-signal

r ecei vicagiiguratéer wof (the qpositonGagriviatinal prowidaigy syderei F& ui The pasitipe information
diverted, so that it becones possible to allow the position information
provi dibieyidingaystens] 0L oompases écplivadity he GFes(Globdi PryitwiningaPysien) satellites 110,
changi ng software for processing a signal fromthe front-end w thout
addPng 1d Inblg, Aa? gordy & ‘&ﬁﬁb Gmits a;sagabfor Ppritiop slstarmating (herejnafier refgripd to as
modul ated with a 1.023 | rect angul ar ve. In this 10 case, for
exanypl eposil?wlangja&gaalchyhmé%lﬁ%e&té’afatﬁi@d?\gga Qirdwsatyttheysapd 0% the grauRg:

si gnal a\fl\gia(i)rl]uriaﬁty of position information providing apparatuses 100-1 to 100-4. When each of the
position information providing apparatuses 100-1 to 100-4 is generically described, it will be
referred to as "position information providing apparatus 100". For example, the position
20 information providing apparatus 100 may be a terminal having a conventional position
determination unit.
[0037]
As used herein, the term "positioning signal (position-determination signal)" means a
so-called "spread-spectrum signal", for example, a so-called "GPS signal". However, the
25  positioning signal is not limited to the GPS signal. Although the following description will be
made based on one example whete 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 quasi-zenith satellite sjstem).

[0038]

- 11 -



newy planned to be transmtted in the LI band, a user can receive the
positioning signal using a receiver capable of receiving and processing
the new GPS signal. A frequency of the- rectangular wave is preferably
1.023 MHz. A frequency for the nodulation is set by trade-off wth

spect r al Fsregamadlé, o chier &¥¢QhdhicP bfl the ¢okiios ishdl e} Berisybanalsiz, 1For
[0040] A transmtter 120 |gmm)gnted gfn t he Sg%atelllte 110 to emt a

posi texainply asigerl frequedty RETrthe pobitidRiag digrel nid2be 11022, MER3) [8ithis| @iset ®
the transmtter 120 is nounted on each of the GPS satellites 111,

112, ¥idueddQstthe peitidngdsigial bbenpssiquilan thaviod b THAI(Q0afRe BNt alisition) mgnal in
appar atuses 100-2, 100-3, 100-4 having the sane function as that of the

posi tancaxistingdFPRLl dangr oVndi adroappad atistingtPesitloriisg-sigalll receviap cimuia (e.g.,

| ocation where it is difficult for radio waves to penetrate, such as a
bdi | dilfysizBd, reesvidgsincuipeckn txedigvrted, mo e ibbédodien podBle tanmllowdbeposition
transmtter 200-1 is attached to a ceiling of the 1st floor of the ‘
bui | difogmaden prowidinepeppetatrs 0ffto revaivicshe posoiindigngjgegpeniaby sharedegsdfvare
operable to receive 25 a positioning signal emitted fromthe indoor

t r andf proegssig@-signal fomrbe Sankendawiteeut addiog pmgwdiardwarangetit.t ers 200- 2,
200-3 are attached to ceilings of the 2nd and 3rd floors of the bUI|dI ng
130, [09¥Ypectively. In this case, a clock tine of each of the |ndoor
transmtters 200-1, 200-2, 200-3_ (the clock tinme will hereinafter

r ef er r edT R Pasitionjps shal gy ke madulyted fuithy ac) 02k MElgectneslie waye. éhlssps
satellit s 110, 11 112, 113 (the clock tinme_ w her.ei nafter

1B cropiss Torpginla of é|dmatfélame fhereqd; ig dhe tamens thir 9% %80$1H€1‘€B%ﬁ’c%‘ﬁ‘tb whchdsich

Fequitee Pl&%f" @Q%r PRGBS0t TRANEA/BF POFHm B aR} (e &
cach BTG CoHlS. ﬁa%%wa?é" Eaﬁé traEriie; "B cRPs Red; R aRaRBFeaT B an
Accor i RS @i L T bk MeButey RS Bk a8y ot

008 LABBI LSy atoing e ﬁhﬁﬁ%ragmpgeferab' y synchroni zed

wi th eac read-spectrum sigfial to be emtted as a
R]si tth@qing signal fromeach of the transmtters of the GPS satellites
IS gejfnerah ed by nodul ating a navigation message with a PRN (Pseudo 10

E?B??md %g&ﬁgnﬁngﬂg (1:26'_ he MAMk&Rbh Ole "EBS adR11BCT WIES efli0§ KpdsitBRitAtGnal.
Further, a transmitter (121, 122, 123) similar to the transmitter 120 is mounted on each of the
GPS satellites 111, 112,113,

[0041] _

20 Each of the position information providing appératuses 100-2, 100-3, 100-4 having the
same function as that of the position jnformation providing apparatus 100-1 is usable even in a
location where it is difficult for radio waves to penetrate, such as a building 130, as described -
below. In the building 130, an indoor transmitter 200-1 is attached to a ceiling of the 1st floor
of the building 130. The position infoﬁnation providing apparatus 100-4 -is operable to receive

25  a positioning signal emitted from the inddor transmitter 200-1. In the same manner, two indoor
transmitters 200-2, 200-3 are attached to ceilings of the 2nd and 3rd ﬂbors of the building 130,
respectively. In this case, a clock time of each of the indoor transmitters.ZOO-l, 200-2, 200-3

(the clock time will hereinafter be referred to as "ground clock time") and a clock time of each of

the GPS satellites 110, 111, 112, 113 (the clock time will hereinafter be referred to as "satellite

- 12 -



data and i onospheric correction data. Each of the transmtters 120 to
123 also holds data (PRN-ID (ldentification Data)) for identifying the
transmtter (120 to 123) itself or the GPS satellite nounting the

appar AFUEE Bty ey Ratiehimient oeh R O POR GBRERIE B T POFEAe

f f d ' des. Th it i nf y .
or ovi GPRY 4R e S Op B AR R ety BRon A et duithly oek times of
posi t1 apl Afg %hi%ﬂl%s ark Q%LEJ?{GE% T %911 h%&i%(f W ﬂtehapgt%eiqerﬁﬁﬁiﬁ,l @ch%@t ¢ satellite
g a code pat A P € ]zpseudo

processing, usin ern o seudo ranaom nol se Cco

L e L e N I
tr agsmﬁctc&rdﬁxgt t%)one'eg,et'ﬂfeigré deé?&@lﬁ%gpaso&et@%lﬁﬁhg {}fRﬁ@ﬁB or tfaﬁgrpflﬁt%e |Oﬁl’

transmitters e recei signal 1s emtted. IS 1N

data ohogn 2@-?@%%&%%%@%@&&9& witl&aBPsthtd ONi Ng signal, to prevent

signal capture cki'ng us erroneous code pattern which is liable
to OCCl{lﬂjozt\QﬁPen a reception level is low [0044] 25 [Transmitter Munted
on GPS Satellite] A configuration of a transmtter to be nmounted on a

GPS sat el | A kfrehd spRirhimiagimto Jhéthitted @9 h?oﬁiﬂ@niﬁg tsigﬂlefréﬁl eafifof the _transrrtljitters
e

configuration of the transmtter nounted on the S satellite will

descri bedhd &iP8vatdiieh i9kcidigted HINBORIILEAS a 1d0igalidd mcbdade WAl aCPRN' (PS@&lo
an atom c clock, a storage device for storing therein data, an

0s¢0| | RaadorsiN@ist)tcodad PTRE 8SEENDCIESBEd idchideg ek aimddatd, orbitldhta, almanac
positioning signal, an encoding circuit for subjecting the signal

gener adetd dnd idnespheric essicctipn dathcuEdck of sipr @asknsipest 12imen2d disogholdndata
transmtting antenna. The storage device stores therein the navigation
mes s ag¢PRNdDu (dentifeptiendrats) dat mentfymentie dasmitedr (420 ¢s 188} iitvelf onéheooGPS
the GPS satellites and ionospheric correction data, and the PRN-ID. 5
[ 0045] sathlitpmouvriag the trensnuitten (126 topd¥abl e t o generate an out goi ng
message, using clock tinme information fromthe atomc clock, and the
data si®¥M8dl in the storage device. [0046] In the transmitters 120 to

123, a pseudo random noi se code pattern for the spread-spectrum 10
endddi ng i Beppesiesr ifeEm#Pa PRviag appapty 190 Aas drter and 19a69ds. generalery dar

words, the code pattern ) e .
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 random noise code
(pseudo random noise code pattern) assigned to a respective one of the transmitters of the
20  satellites or a respective one of the indoor transmitters, to identify from which of the 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 the positioning signal, to prevent signal capture/tracking using an
erroneous code pattern which is liable to occur when a reception level is low.
[0044]
25 [ Transmitter Mounted on GPS Satellite]
A configuration of a transmitter to be mounted on a GPS satellite is well known. Thus,
“only the 6utline of the configuration of the transmitter mounted on the GPS satellite will be
described below. Each of the transmitters 120, 121, 122, 123 comprises an atomic clock, a

storage device for storing therein data, an oscillator circuit, a processing circuit for generating a
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is different on a transmtter-by-transmtter basis (i.e., on a

satellite-by-satellite basis). The encoding circuit is operable to
spectrum spreadi ng the nessage using the above pseudo random noise
code. Each of the transmitters 120 to 123 is operable to convert the

o BB D o P A B S Tl rh O SRR e
bove .nar f th it t 120 t 3 em :

Cpr ootiraRot prrRfE s BibRe B, STl dokftar CHAE shresr devise Bpone
e R 3RS Sl Bl ML A0 " Tl LEEL PEREG e SR00P

| Nt o1 £85 QREited A1 SANABHUR! dyroblor B 3hE HERRGH. eved by spectral .
separation techniques. e Er(? spread-spectrumsignal is transmtted by a
cayri h4¥pve, for exanple, called "LI band". For exanple, each of the
transﬁ{tters 120, 121, 122, 123 may be configured to emt a positioning
si gnal hayp qgo&éaﬁng_ f1 uft" 8 BIRAMYe BY g%né‘“r;%e;ﬁgbﬁ%%ﬁ{gr Hﬁh&%@ﬁﬁﬁh@%ﬁ&&?time

schenme. Thus, evenTi respective positioning signals trfransmtted from
the saf@iatib®Fof BehRHEL YREK hdahs &R sORA if thdstoragd B8-idd. Of the position
i nformati on providing apparatuses, they can be received w thout causing
25 intoegéerence with each other. [0048] In regard to a positioning
signal fromthe indoor transmtter on the ground, each of the signals
from t he ipthertainkinittedd 12016013, b HEARITI rhidis n6idd cbde prRAl 2 thovpredpectrum
causing interference _ wth the remaining signals, in the sane nmanner
as) t hatcotingtiy presdefimet onta wnsmittdred-farsmittdrebasis14In s@eelvordsethe cold® @dfdrm
[ Har dwar e Configuration of Indoor Transmitter 200-1] Wth reference’to
FI G 1,diffaent odootrapsmittenbytmnsii@r basis [(I.c.bende satellivetlysatelite be$i. Thes
a 5 block diagram showi ng a hardware configuration of the indoor

t r ansericoding c2OGi is offe@@BO]o spRaeunrrieradingrthe sressage usingOhd abmepsewdssraadom
radio (wWwreless) interface (hereinafter referred to as "radio |/F")
210, uoisH ¢fideal Epehoelctbe iragsmiktetsikl 2040 123 iy efeggbbhivecopiert khe ensodgdotgnsdiinto a
bl ock ~(hereinafter referred to as "reference clock 1/0 bl ock") 230

el ecthipedienyency stanat & angit theecogygted signal tv gigenacs vigths tharmBsiongatenne
slu§opl EHOQ% a reference clock for an operation of each circuit section,

In the above manner, each of the transmitters 120 to 123 emifs a spread-spectrum signal
causing no _harmful mterference vﬁth that of the femaining fransmitters. 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

20  spread-spectrum signal is transmitted by a carrier wave, for example, called "L1 band". For
example, each of \the transﬁlitters 120, 121, 122, 123 may be configured. to emit a positioning
signal having the same frequency by a spread-spectrum communication séheme. Thus, even if
respective positioning signals transmitted from the satellites are received by a same one (e.g.,
100-1) of the position information providing apparatuses, they can be received without cauéing

25  interference with each other. |
[0048]

In regard to a positioning signal from the indoor transmitter on the ground, each of the
signals from the plurality of indoor transmitters can be received without causing interference

with the remaining signals, in the same manner as that in the signals transmitted from the
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an anal og processing bl ock 250 electrically connected to the digital
processi ng bl ock 210, an antenna (not shown) electrically connected to
t he anal og processi ng bl ock 250 and for sending out a positioning

si gnal %ﬂd a power supply (not shown) for supplying a power supply

pot ent¥"®¢0 each section of the indoor transmitter 200-1. 15 [0051]
The pﬂ@@&msupply may be incorporated in the indoor transmtter 200-1, or
the indoor- transmitter 200-1 naybe configured to receive a supply of

| ectri i ! Co i cati Interf
20" The r altaer e GRIEDB B kL or T BB Ton i ntor face,  and
desi gned 4yuf R8ELIE B91 X VRI Abo ORIy 200 A0 HEcAl iy naAES ATy

transnt data about a setting paraneter a program (firmware, ét

from tlﬂo%ﬁa@‘dﬁﬁéh@%iné)&’hd}%ﬁfefd'oﬁh%ﬁg@mwﬁ fdoBPirasitfiflerdol uet oot h

(trademark), “or radi o communi cat i such as PHS (Personal Handy-phone
syst enpose] a nobi |l e phone network. 25 [0053] Based on the radio I/F
210, the indoor transmtter 200-1 is allowed to change a setting

par amet er Ths isddoRfram@sttéd 200-abmpfistatacatiiadivafldsyPinehifad (hareihakdratfepd to
| ocation of the indoor transmtter 200-1) to be transmtted fromthe

i ndooragt ragN/FER1800- digitalr pRoénig blotkVi0e &S eefétncd @lctRPRpW/dilip@t block
di fferent conmunication schenme, even after It is installed on a ceiling
or t he(hktelkmfter retérred to AN'refetbnos chtked/O blodR'S430I sledttienllfyi dodhetetbadihereligital
it is presupposed that an interface is a wireless type. Alternatively,
i niOcasmecashiagblak\dildadd fotsepplate d efaehcantaidoum epeeationrofeactsdickaitabctom,
of wiring to 5 an installation |ocation, tine/labor for installation,
etc, téeaiakgeplogesingaylote 280 wlactibatly penndo@@ds®] the (dikitl tpadceming blosk 240, an
Bl ock) The digital processing block 210 conprises: a processor 241 which
i s opesgying (neichora) algciricalln comnerigd do thomalogprogelisingdrogk 25bandats sertling
to a program_to control an operation of the 10 indoor transmitter
200- 1; o4 apesitioRmgdignab e SPoRSHBRPLY tep shpwmHOE sWPbEng hEPERhSURPhr RRjeIM
to each section of the indoor transmitter 200-1. |

15 [0051]

The power supply may be incorporated in the indoor transmitter 200-1, or the indoor
transmitter 200-1 may be configured to receive a supply of electric power from the outside.
[0052]

(Radio Communication Interface)

20 The radio I/F 210 is a radio (wireless) communication interface, and designed to receive an
external command, and receive and, if necessary, transmit data about a setting parameter and a
program (firmware, eic.) from/to the outside, by near-field communication, such as Bluetooth
(trademark), or radio communications, such as PHS (Personal Handy-phone system) or a mobile
phone network.

25 [0053]

Based on the radio I’/F 210, the indoor transmitter 200-1 is allowed to change a setting
parameter, such as position data (data indicative of an installation location of the indoor

transmitter 200-1) to be transmitted from the indoor transmitter 200-1, or change firmware so as

to cope with a different communication scheme, even after it is installed on a ceiling or the like
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to be executed by the processor 241; an EEPROM (El ectronically Erasable
Progranmabl e Read-Only Menory) 243 for storing therein a setting
paranmeter and others as a part of data from the radio OF 210; a field
programmabl e gate array (hereinafter referred to as "FPGA") 245 which

i's opefablfinobsder control of the processor 241, to generate a baseband
signal to be sent out from 15 the indoor transmtter 200-1; an EEPROM
244 foposgoring therein firmware of the FPGA 245, as a part of the data
fromthe radio OF 210; and a digital/anal og converter (hereinafter

referred o 1@ firsDlethtodiN&it! 8f ik FE&Zupﬂdis&ﬁ thit aReiméfRet & GORVEsst Bfe.
baseband signal output fromthe GA 245, into an anal og signal, an

gi ve tAleratirkRYinSéadiakhdre athifedan@lfae i la8edntdR0us A8 Lons2drdnef wiring to
specifically, the digital processing block 240 is configured to generate
data whiigdaliasiof locatitw, ¢enedifabér Bi gRallaticn, ke, tHedntethéd @by BS a avifedsipd. oni ng
signal fromthe indoor transmtter 200-1. Further, the digital
proceg8055 bl ock 240 is configured to send out the generated data to the
anal og processing block 250 in the formof a bit stream [0057] 25

Al t hough (Dogitgd@radessmh@Blogk) i mted to the follow ng, for exanple, upon
application of power to the FPGA 245, the firmvare programstored in

t he EEPROMedigitalsprocaasiog bboekt 1 doR(Aisest 5. procestar et which (b bpersbleczneonbng)
of the firmvare programis | oaded on a configuration nenmory conposed of
an SRAMRA(cSmandnd IgzxndhﬂﬁmwﬁF@lOM@cwrdmigrto taHEo SREA t@ gentrgl rigi apetiligh diithe
data of the |loaded bit stream data serves as information source for a

cilPcuiindaop trasmaigtes el RAM Ranflgm fepgeas Megiory)243) wiygh storesdlereisied program
provided in the FPGA 245 to be custam zes in_such a_ manner. tqQ achieve a

ci rcuit® beperscited o thenarocesspingdftés ar drliPMasElspigrnicallyn kraspilp, Eragrapaable

O 2 Rl B SR £ € 2 BP0
P ool b S 08 e AR e RIS T i
LT e 8] P 30016 150 B S B BT
| nge) the indoor transmitter 200-1; an EEPROM 244 for storing therein firmware of the FPGA 245, as

a part of the data from the radio I/F 210; and a digital/analog converter (hereinafter referred to as
"D/A converter") 247 which is operable to convert the baseband signal output from the FPGA
245, into an analog siQnal, and give the analog signal to the analog block 250.

[0056] _

20 More specifically, the digital processing block 240 is configured to generate data which is a
source of a signal to be transmitted as a positioning signal from the indoor transmitter 200-1.
Further, the digital processing block 240 is configured to send out the génerated data to the
analog processing block 250 in the form of a bit stream.

[0057] _

25 Although not particularty limited to the following, for example, upon application of power
to the FPGA 245, the firmware program stored in the EEPROM 244 is loaded on the FPGA 245.
Inf(;rmation (bit stream data) of the firmware program is loaded on a configuration memory
composed of an SRAM (Static Random Memory) 246 within the FPGA 245. Individual bit

data of the loaded bit stream data serves as information source for a circuit to be achieved on the
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2) Transmitter 1D 3) Transmtter coordinate 4) Message (which is formed
in the sane format as that of the navigation nessage fromthe
satellite, through the FPGA 245) 15 5) Digital filter selection
paranmeter As described later, 1 MHz, 2 MHz and 4 MHz band-pass filters

(cent efv][)éfa%efbcéh LR IRl RPN %%mﬁ&s{o SRR iRgeribe

"digita T2 On par anet a anete sele
f th 0
ot ocosSar g A el bl he o El?%?ﬁﬁwa?e Pﬁ% e “9%5‘3%%?%‘.5 oa? %E“%?

the i ”E’%ﬁi{ I’E&l% St frRhoROR E}Jm bRt dRb Srs%ﬂih'a@ hfgﬁa\%rﬁtﬂilt}f Eﬂﬂlteﬁ%xlﬁ'f:—':ﬁ%

243 an rans erred to th M 242. ATstorage “devi ce
storing.Hifenein a programor data is not limted to the EEPRC]\/I 243 or

25 the EEPROM 244. The storage device nay be a type capable, at |east,
of 4ol gjosgjdata in a nonvol atile manner. Further, in cases where data is
i nput fromoutside as described |later, the storage device maybe a type

capabl e offughbp¥cigoctaick 240 iDeparabie, ta@ﬁbrﬁﬁ@telaﬂ ex@rhd tanslhnd edeived Gbm the
data to be stored in the EEPROM 243 wil|l be described later. [0062] 17

(Anal oghdry DB 9iang HEkalk) ddthstaredimthe IERTEGNI 4B, b evke AeCollswigrdatgin thd
to nodul ate a 1.57542 GHz carrier wave wusing the bit stream data out put
from t BRAM g#6 akgiptetic &ssspargmbientikbe2sé0forttioe igpdo@rtenemater 2aMdm t t er

signal, and send out the transmtter signal to the antenna. The signal
is em {Q088] fromthe 5 antenna. [0063] Mre specifically, a signal
output fromthe D/ A converter 247 of the digital processing block 240

i s1@ip- conver tBPpadandaPR¥woé)t er 252. Then, after only a part of the
up-converted signal in a give frequency band is amplified through a
band- pass fi |2eragsgpfyr P53 and an 10 anplifier 254, the anplified signal

i's up-converted by an up-converter 255 again. Then, after a
) Transmitter coordinate

4) Message (which is formed in the same format as that of the navigation message
from the satellite, through the FPGA 245)
15 5) Digital filter selection parameter
As described later, 1| MHz, 2 MHz and 4 MHz band-pass filters (center frequency: 1575.42
MHz) are pre-programmed in the FPGA 245. The "digital filter selection parameter”" is a
parameter for selecting one of the band-pass filters.
[0060]
20 A progfam for the operation of the processor 241 is also pre-stored in the EEPROM 243.
Upon activation of the indoor transmitter 200-1, this program is read out from the EEPROM 243
and transferred to the RAM 242.
[0061]
A storage device for storing therein a program or data is not limited to the EEPROM 243 or
25 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.
[0062]
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part of the up-converted signal in a given frequency band is extracted
by a SAW (Surface Acoustic Wave) filter, the extracted signal is
converted into a signal having a predetermned intensity by a variable
attenuator 257 and an RF switch 258, and the obtained signal is sent out
from t he (Anilegreocedsind BGK] A clock for use in the up-converter 252 and
the up-converter 255 is generated by nultiplying the clock supplied
from t he Thefaaelggroadsgak blddk 0o kcoBBGured td meoduREA 22457542 Hu glarricd wave
mul tiplier 251. [0065] 20 Setting of respective |levels of the variable
at t enusih®theAs¥7stesach ddie oRpus fioincthe Agftal procesntg ible 34 to @enyate raolrarsinghel
fromthe processor 241 via the FPGA 245. The RF switch 258 is operable
to ef figodli ved pewhangéeatrsisyntier sign@nisi thy dngenmeandhofsignel taknited” fvn the
(Pul se Modul ation)". Each of the variable attenuator 257 and the RIP
swﬁtcﬁHQSE-operates as a part of an after-nentioned "function of
variably adjusting 1/Q nodul ated anplitudes individually". 25 [0066] In
t he ab¥03]l manner, a signal having a configuration simlar to that of a
p05|t|on|ng sig %Cﬂlfron1the satellite is emtted fromthe indoor .

HonTLe) 1o thar Lol e a8 pact g ga ol prsl o tred fromre
sat el "]io’?]é 240 - %ﬁﬁ?@gwﬂm&% gHa23¢o o bRernailer el oristh @ htEe URfeByerted
the. aB8t elhe%%?w%ﬁswnwﬁa@n&s“ el fiigh o bang é?sa%lggr-) Rt g o0
S0, “RpRsd 25t e ek Senkl S SRRy A oot BLOGRRS el 6
oar PRt o 1P %fh%ﬂeﬁ 800t Byt RRGAS, BaDBpitecd B ASAW Sisle,
sign JAF(Q&I%)WE§CQ%PGQ| h%dffz&%ﬁ%ﬁ%ﬁ{der X rg@fe%g $ith 9si ﬁi@vafgo §@de{é%bned

digita processing b t he sign

di 1 ecfph iy Bg' al Riia e%@@eﬂﬁh?orli)ﬂrﬁfde.{neﬁﬁ %w%ﬁ’%s 14fd thé B6#ired Qignll ishs%nt out

anal og processing % ock
from the antenna.

15 [0064]

A clock for use in the up-converter ‘252 and the up-converter 255 is generated by
multiplying the clock supplied from the reference clock 1/0 block 230 to the FPGA 245, through
a multiplier 251.

[0065]

20 Setting of respective levels of the variable attenuator 257 and the RF switch 258 is
controlled by a control signal from the processor 241 via the FPGA 245. The RF switch 258 is
operable to effectively change a signal intensity by means of so-called "PM (Pulse Modulation)".
Each of the variable aftenuator 257 and the RF switch 258 operates as a part of an
after-mentioned "function of variably adjusting I/Q modulated amplitudes individually".

25 [0066]

In the above ﬁlanner, a signal having a configuration similar to that of a positioning signal
from the satellite is emitted from the indoor transmitter 200-1. In this case, a content of the
signal is not exactly identical to that included in a positioning signal emitted from the satellite.

One example of the signal to be emitted from the indoor transmitter 200-1 will be described later
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[0069] In the first enbodi ment, the digital processing block 240 and the
anal og processing bloock 250 are shown separately, for the sake of
clarifying the illustration. However, in a physical aspect, they may be
m xedly mounted on a single chip. 15 [0070] (Reference C ock 1/0 Bl ock)
The rq@@ ence clock 1/0 block 230 is configured to supply a clock signal
for governi‘hg the operation of the digital processing block 240 or a

cl ock @ﬁgﬂal for generating a carrier wave, to the digital processing
bl ock .~ 20 [0071] In an "external synchronization node", a driver 234

of the r efﬁfh@%ﬁ&v&&&?ﬁ%ﬂt{no 1 F’F@Atzﬁigy CIE AsedOREl @%h@ssfn@ PR YciRekh@§ Kigital

signal to the digita rocessi ng 240 and ot hers, based on a

synchr@Qii i ﬁrgg'ﬁ" ' # 1esal ivd bf¥er 54 f
externa ag)k/)ir:ltg:ﬁ%onousthlgF‘é@a}ogrogégsg%oﬁ%S %Ofgl%&%lrtﬁgr%?ﬁi negn 't'ag)[(bttg%)%gl

cl ack pBstRsing AnflWalyiiRhRYE fas b Rfit ik BSHabeS G BREANE h AddulatiGh Bhieikn $89 radio

i noperable to sel eCt an external clock signal given to an external clock

port 2@@rdidis)SuetbiemeBRRERofiwA! @ clock signal is output froma PLL
(Phase Locked Loop) circuit 233 and supplied to the digital processing
bl ock [@468jand ot hers, in synchronization with the external clock. - 19
[0073] In an "internal clock node", the nmultiplexer 232 of the

ref er encelrcFRER, h/clOchlstmkl @3IR) isSuppidablie: dmlopegrecdssiag bidek @50&ia thk digdital
signal generated by an internal clock generator 231 in such a manner

t hat aprotasikgshlgeal24is adltepuativélyothe biecPLiignaPhase beodiketly Lsapplied ifrocuithe
233 and supplied 5 to the digital processing block 240 and others, in
syl hrsfareneictnek MQ blochd3¢ 1ot the avdlog prockssingddqek]250An i nternal state
(e.g., a "PLL control™ signal) of the indoor transmtter may be

nmoni t oi086%] fromthe radio I/F 210, based on a signal output fromthe
processor 241. A digital input/output interface 260 may be confi gured

to accept ltafheififpuembndinentotie ¢igitalarncessing blnck 248 andribe adles processingobiack
f28(r)_ ?_,erif grt_e @g%?éeg‘rgteﬁf, sfg)rgtrlllael sai(g oltQ ecla?lrpﬂglé etlrclje fiﬁuos’ipa’;[ic?rﬁ iI-II’ltgju?e%rer,tiIlaanSIrgsEé '
aspect, they may be mixedly mounted on a single chip.
15 [0070]
(Reference Clock /O Block)
The reference clock I/O block 230 is configured to supply a clock signal for governing the
operation of the digital processing block 240 or a clock signal for generating a carrier Wa\}e, to
the digital processing block 240.
20 [0071] |
In an "external synchronization mode”, a driver 234 of the reference clock 1/O block 230 is
operable to supply a clock signal to the digital processiﬁg block 240 and others, based on a
synchronizing signal given from an external clock generator to an external synchronous link port
220.
25  [0072]
Further, in an "external clock mode", a multiplexer 232 of the reference clock IO block 230
is-operable to select an external clock signal given to an external clock port 220 in such é 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.
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| /F 210 may be configured to accept an input of additional data to be
emtted fromthe indoor transmtter 200-1. For exanple, the additional
data may include text data (position data) indicative of an
installation location of the indoor transmtter 200-1. In cases where
the i peyg] transmitter 200-1 is installed in a commercial area, such as
a departnent store, advertisenent 15 data may be input into the indoor
transm t tleran2Gfkefnal a®ck meodatidihe inddpletat 282 fOhéSkferstive nlddiel/Oiledd23mite
(PRN code) pattern is input into the indoor transmtter 200-1, it is

wr i t t eperabledo peledahiimechabrleak signalipen&RRROW @viBiensl bkek gentrhtpr 28 hen such a
witten PRN-IDis included in a positioning signal. The additional data
i s al sennerthatencloekt o isewputripge theedlLL (Phabe Lod@dEERRDM Q4G Beperdppigedon
a type of data. [0076] [Data Structure of Data to be Stored in EEPROM
243] W thi digitabprogessingdlegk403nd pthiss, an snchnination fritighaintendelatkor ed in
the EEPROM 243 will be described below 25 [0077] FIG 3 is a diagram
concebQQ}’éﬂly showi ng one node of data storage in the EEPROM 243

provided in the indoor transmtter 200-1. The EEPROM 243 incl udes a

pl ur al i t YAbintegrpalagatggog. aoP5Erongpl ssmai)nc& the ingoph Eprsnytter oy B margtorgd

L1 ancRoE BE T ché‘#F“ 102 s el aio o rORRpOBE+ b HBFIRL PO

atai i 3 e SRR foriteapt MR iGH i B 2GR B ST Fsd e ise
t he,t 00791, A,PRN-. f d d P
olq; o iSes £ESR W&H@ﬁvé ?é}gn%lsto : efr&h Rbpitnd §}d§§f iRk 200 25 He ragio
i h f t
2 g?ga C O?Ol{l% Qk' 08}(:1) e aS %qpbln 8§ @(ﬁﬁ@]ﬂ? q r g.t;(] Sbf% %l%ted !:Igo%gtﬂ%)er 13@001’
the agea 330 039 T%rseg 0, S5 ARAR BRI kSl S Bl
. Oneo apura |n|te nU

indicative of an installation locatlon of the indoor transmitter 200-1. In cases where the indoor

transmitter 200-1 is installed in a commercial area, such as a department store, advertisement
15  datamay be input into the indoor transmitter 200-1, as the additional data.

[0075]

When the spread code (PRN code) pattern is input into the indoor transmitter 200-1, it is
written in a predefined area in the EEPROM 243. Subsequently, the written PRN-ID is
included in a positioning signal. The additional data is also written into an area reserved in the

20 EEPROM 243 depending on a type of data.
[0076]

[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. "

25 [0077]

FIG. 3 is a diagram conceptually showing one mode of data storage in the EEPROM 243
pfovided in the indoor transmitter 200-1. The EEPROM 243 includes a plurality of areas 300
to 350 for storing data therein.

[0078]
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patterns which are selected froma | arge nunber of code patterns
belonging in the sane category as that of the spread code patterns for
the satellites and pre-assigned to a position information providing
system according to an enbodi nrent of the present invention. Thus, the

spread code att assi aned .the transmtter. is different fr.omthat
2bstgned oo sbBi PO AERLHRER i i ek o GoBioiie! Rofiele i Sl 33k
PRN c - i it [ t i di

e B ¢ By B ERG b3 AR A TR e LA, o
depend;j 0N i RT=Ya I L, at i j ' -

tr anom ¢ Par i BUERt slierfE oS T nahirR Ty I pioh B R Firy itfod ARy of
f1 oor sy@firafsitiel di Ng, etc.), so that the nunber of indoor transmitters

is likely to 20 becone greater than that of the code patterns. Thus,

they e Eg@;fgj possibility that a plurality of indoor transnmtters have the
sane pseudo random noi se code pattern. In this case; an installation

| ocation of PRRCID &fa %ﬁ’&di Jdde PR o Hkdi bRidSto g irit@nfi e i AFRIGRER et 3.y N
may be set in consideration of an output of a signal. This makes it

possi bAardnSmitce et isstared [radhk rapied 3200@%hé fomi dTdetidgfaal s usi ng the sane
pseudo random noi se code pattern from being received by a 25 sane one
of the[(o88] tion information providi ng apparatuses, at the same tim ng.
[0082] Position data for identifying an installation |ocation of the

i ndoor tr dnspredd esde2(RN cbde)spadiesd assignet he the danddifter Fostoedainpthe ardah¥30.
position data is expressed as a conbination of |ongitude, latitude and
al 10 t ulilee spmeachdode pattern esogndadntoptha dmnehittenas pos iof iaopluchd tfmiteanumeticl of code
address/building - 21 nanme may be stored in the area 340. In this
speci f patternsontichl atesscleaisdiiom oflargelswmbéryaiirgdepattarnsheldngng wrthe suae taseeasy
the indoor transmtter 200-1 only by itself, such as a "conbination of

| ongi t dat phthicrsperad ande apitsras furthe satallitesandr reaspenaddiorigpofatias infoymatipe
"conbi nation of longitude, latjtude and altitude, and nmjl

addr esBOBINsstyhaseerdingiq gn grabediment elcthe pregentigyatioponThus. the spread code
(identifjcation), data". [0083] . Further, a filter selection rameter
For 11 Patisrr STEBd FOMC fnRBeat 4 FTpHARom St siiEnohte F&?Eg)lfn thcgfelices

sp |ft@gk y limted to the followi ng, the area 350 may be confi gured
su t filter selection paraneter "0", a filter selection

P2 AT 1t s e gt 50 R0 A o i S e R ion
bandw Igrtol{}fsdiﬁ)gf system is finite, whereas the number of indoor transmitters varies depending on a size
of an installation site for each of the indoor transmitters, or a structure of the installation site (the
number of floors of a building, etc.), so that the number of indoor transmitters is likely to
20  become greater than that of the code patterns. Thus, there is a possibility that a plurality of
indoor fransmitters have the same pseudo random noise code pattern. In this case; an
installation location of each of the indoor transmitters having the same code pattern may be set in
consideration of an output of a signal. This makes it possible to prevent a plurality of
| positioning signals using the same pseudo random noise code pattern from being received by a

25  same one of the position information providing apparatuses, at the same timing.

[0082]

Position data for idéntifying an installation location of the indoor transmitter 200-1 is stored
in the area 340. For example, the position data is expressed as a combination of longitude,

latitude and altitude. In addition to or in place of the position data, a mail address/building
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t he band-pass filters. [0084] 1In FIG 3, each of the PRN-1D, the
transmtter nane, the pseudo random noi se code pattern”, the
position-1D data and the filter selection paranmeter may be replaced with
additional data input 15 through the radio IT 210, as nentioned above.

0085 4 : ; ERGA
200%rud A 188  80 ISAESh hcycns Bn SlRS pin

a fungiiafRddn RicaGdn OF At AAbSOfraK & zuong oﬁl;ﬁ@@ﬁﬂsawﬁch QR a‘)ﬁcoﬁlHMiéhaéfor
245a for nodul ating a baseband signal of a C/A (Coarse/ Access) code as

a POSidnidd) titiBhddnall altfudeT 'R0 s&HeRbuabing! nafRn tor((B& Téntindvida)of Mngitude,
carrier wave of an existing GPA signal, or a baseband signal of an L1C
code Bsit@lecpasi taltﬂlfdepgmalmmaladdfegdbmmm@elahie" bailtl tef reflerf@Vto as "position-ID
satellite-based position determ nation system (such as the Japanese
quasi (idenifichtiedtdatal’i t e system 25 in conformity to a signal fornmat
thereof, in a circuit achieved by an FPGA 245. [0087] As one exanpl e,

t he fplO8BIM ng description will be nmade on an assunption that the C/A
code is subjected to BPSK (Binary Phase Shift Keying) nodul ation, and
the LI C dodber s fBighpaettiod ama@RSkr (ifuasblation és fhwdean 8iv drea B8 ndydthough

nmodul ation. As will becone clear fromthe followng - 22 description, a
modul aeti specifichlémbintedi ignide folowingy dhe areadd ) tay heabonfigumdoseah thaklacflter
value is not limted to the BPSK nodul ation and the QPSK nodul ati on,
but negjedtien aagraterei0” stifiltamsadection m@meé@ﬁ éviag aglilksy SFW@"“FP@W@&EI "{l‘b@rgs]
5 The configuration illustrated in FlG i s fundanentally a

nBYul %ﬁS@‘FIﬂ'E &pect!tﬁm Witk at iMHz", H%\Mklér and f4 Mi&"darke S§1€§W§|as |b§ndW1dthS of
superi each of an I|-phase signal and a Qphase signal, a
resuIEhimr)ﬁ’ﬁn &%er%n beconmes equival ent to the BPSK nodul ati on. Based on
this g}%g the circuit is configured to achi eve both the BPSK
nodul and the QPSK nodul ation. Alternatively, it may be programred

10,00 B SSBEE e S e T P bR SR R B kL,
the position-1D data and the filter selection parameter may be replaced with additional data input .
15 through fhe radio I/F 210, as mentioned above.
[0085]
[Configuration of FPGA 243]
A circuit to be achieved by the FPGA 245 illustrated in FIG. 2 will be described below.
[0086] |
20 FIG. 4 is a functional block diagram for explaining a configuration of a modulator 245a for
modulating a baseband signal of a C/A (Coarse/Access) code as a positioning signal
superimi)osed on an L1 band (1575.42 MHz) of a carrier wave of an existing GPA signal,. ora
 baseband signal of an L1C code as a positioning signal used in the L1 band of a new
satellite-based position determination system (such as the Japanese quasi-zenith satellite system,
25  in conformity to a signal format thereof, in a circuit achieved by an FPGA 245.
[0087] |
As one example, the folIoWing descriptioh will be made on an assumption that the C/A code
is subjected to BPSK (Binary Phase Shift Keying) modulation, and the L1C code is subjected to

QPSK (Quadrature Phase Shift Keying) modulation. As will become clear from the following
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schenmes is achieved by the nodul ator 245a. [0089] Referring to FIG 4,
t he nodul at or 245a conprises two PRN code regi sters 2462, 2464 each
adapted to receive a PRN code stored in the EEPROM 243 and store therei n

e §31%'E%1% ‘2R B @E@%ﬁlﬁ%ﬁﬁﬁwﬁn@%ﬁ%a%ﬁ Ju 53{2{5{%@%@&5{3 A6
245

?2'Ehe‘} i BT RETR GRO PR ML URD BRI mbtiian BRSRRT LGS ey SffpbRe

t he |n }ﬁéﬂ%@}?g%tﬁl@ﬁ% [29'990] 20 More speci f| caIIy, t he PRN code

set is input fromoutside to each of the PRN code
regi stei 8@462’ 2464. Further, as described above, the sane data is
stored Tn each of the nessage code regi sters 2466, 2468 in the BPSK

modyl ati onpydrech Eﬁ(&?%llﬁ’d‘tra%df fn&erlqg; gajsagyndhm@ntal1 2} 3Qf’S’K H&%ul'ato?hﬁ%%l

and data for the phase, are stor in respective ones of the nessage

code r %hﬁ%ﬁﬁt@oﬁ‘l%w%@gf {he shiA@ s@%s@ﬁﬂé}‘ Bhdsed on %501{ 910311]] }t)ﬂ_a@@ signal and a
nodul at or 245a further conprises: a multiplier 2453 f i plying

ti me- shR&sc@aingl, areattihodul e homeNeGadfektag s BPSK‘}ﬁ?dumﬁon Based on

time-series data read out fromthe nessage code register 2466; a

nul ti plthiercodddpd, fhercirdulttis Ropfipged itoRchRyE ®5thdeieaBP8RAmedilatisroahd e BRNK
code register 2464 by tine-series data read out fromthe nessage code

regi st eno@dddn. a Aleyedtivelntit ahay be2grogimimed tto 2856 fwrinddpandinngioit on a
intensity of a signal input fromthe nultiplier 2452 under control of a
| ev8l cootulations schieale-UMGhddlntm tshieenps daeiss dep@ding anl ehedh obnhe ahodulation
circuit 2458 for changing an intensity of a signal input fromthe

mul ti plsclem@4$dchioved bytinmodblatof 2454. evel control signal LVC2 fromthe
processor 241; an FIR (Far Infrared Rays) filter 2460 which functions as
a band{pe8% 5 filter of one of the bandw dths selected by the filter

sel ection paranmeter, with respect to an output fromthe |evel control
circuit 241§@°errmgdo &G the moglatop 2432 ogmpsises tve PROeodg semsteraddop2d64 each

filter of one of the bandw dt hs sel ected l\ﬁ the filter selection
par anetaéaptGWt ecping gdtiN cgdestorndripdhe FEBRONL R43 1aad store isrsip the-seeeed PRN

ﬁg gg]ﬁg} ;t%o:gr?%sg?ﬁ%g {gp Orrgégt%% f2%6é h%46§: Oerzgc): | S(?apteda t((): | 1%%51\/% ! rﬁ%lrjﬂ tan

after-mentioned message-data generation unit 245b or message-data generation unit 245c,
message data conforming to the signal format of the C/A code or L1C code, and store therein the
received message data.

[0090]

20 More specifically, the PRN code set in the EEPROM 243 is inpﬁt from outside to each of
the PRN code registers 2462, 2464. Further, as described above, the same data is stored in each
of the meésage code registers 2466, 2468 in the BPSK modulation, or two types of different data,
i.e., data for the I phase and data for the Q phase, are stored in respective ones of the message
code registers 2466, 2468 in the QPSK modulation.

25 [0091]

| The modulator 245a further comprises: a multiplier 2453 for multiplying'time—series data
read out from the PRN code register 2462 by time-series data read out from the message code
register 2466; a multiplier 2454 for multiplying time-series data read out from the PRN code

register 2464 by time-series data read out from the message code register 2468; a level control
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reference clock conformng to the signal format, based on the clock
signal fromthe reference clock 1/0 block 230; a | ook-up table 2474 for
outputting respective data corresponding to a preset sine wave and a
preset cosine wave, to serve as an |-phase nodul ati on signal and a

Q phagifeurpdsb b cmn?ng AalintefiFRACt i MRl Spuafroml the plul@slie2 269 fider control of
mul tiplying a signal equivalent to 15 a sine wave output fromthe

| ook- aifevtiadtneroPigdal DV @1 frogintak ptacessot D&l ;R levdlichhes! @2da ;2488 Mad dhapging fan
2466 for nmultiplying a signal equivalent to a cosine wave output from

t he |@oksitpof abigaalddpia thyn tie muliiphibr 245dmridbecdritid] bf b (el 2#46d] s@nalddd€ER
2468 for adding respective signals fromthe nultipliers 2464, 2466

t oget fiem;thapcbcassoo 34 putn BIR (Fer [24a10d Reuys )ofittdr 2460 gvtach futcpons i obatdipass
adder 2368 and output the buffered output to the DA converter 247. 20

[ 309 3filtdat an¢ ntihadendwidths ssiegiad by the Plidr stlecion preameidy vathoesedbtm ancoutg
D/ A converter 247 is fornmed as foll ows. {20094 [ Mode for CQutputting

Si gnafroradhpbvebeantil clicuE24%6; and apSIRsifidinnl46228hich f@m@gs Wk abengrpassritidrt
configuration is forned to output a signal conpatible with the existing
GPS sofgglof the handwidthg iﬂﬁ&te afiltpr selegfipm ppraeicter,arith kst to an output from

LI ¢ A-conpati bl e signal) by the firmvare of the FPGA 245, the

nmodul e drvebopsirof §1T%Te:l"4éﬁl e to nodul ate each of the Q phase signal and

t he I-B ?Fe signal to have the information "longitude/latitude/altitude"
of t H&Y? ransnitter as a nessage, SO as to generate a BPSK- nodul at ed

thZIf mﬁﬁel 5 EhnDs ases: oclén RER 40 hdp efRing podufition
fﬁ??eﬂMﬁwﬂﬁ§%°r§%&ﬁ%@%ﬁeﬂﬁw%ﬁww
L1C %g\ﬁ(gi/bb!ﬂ%clgﬁﬂal ]loa( Pﬁ%ﬁl@'éﬁw ¢ ﬂ%ﬁ&fn&plte %e%tl ld!attab(?o g

cases cl reui uration s
t F
S5’ Dregegi! ddadh, f%%ﬁ HBtog BEE0LS Bide R b phddiB Gy %*éfl 4 Bﬁ“e
be b
e s ST Gy e AARIAS opyan
CAPt U §ndWade bAGE K6h thERRL PRSP bPd sRinkPho:RItBORIR filtsr 2954 b %’hﬁﬁ'pl?éi‘d

superi nposed on" | _
2466 for multiplying a signal equivalent to a cosine wave output from the look-up table 2474 by
a signal from the FIR filter 2462; an adder 2468 for adding respective signals from the
multipliers 2464, 2466 together; and an output buffer 2470 for buffering an output from the
adder 2368 and output the buffered output to the D/A converter 247.
20 [0093] |
Data included in a signal output from the modulator 245a to the D/A converter 247 is
formed as follows.
[0094] |
[Mode for Outputting Signal Compatible with Existing GPS Signal]

25 In cases where a circuit configuration is formed to output a signal compatible with the
existing GPS signal (i.e., a signal compatible with the L1C/A code: L1C/A-compatible signal),
by the firmware of the FPGA 245, the modulator 245a is operable to modulate each of the

- Q-phase signal and the I-phase signal to have the information "longitude/latitude/altitude” of the

transmitter as a message, so as to generate a BPSK-modulated signal. As used herein, the term
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a Q phase signal. The Q phase signal has a higher |level than an I|-phase
signal by 3 dB. Further, a navigation nessage is superinposed on the
| - phase signal. [0097] - The reason why the capture-assisting pilot

signal ,.S_S ri-npesed on_the hase signal 1s as.faoll ows. [00

The' o1 AcSmBRE SERE® BEndl s bR BlR iR FOMen Tpel toi Pt fpesRgn A
chi ps Vi ri ‘ C 1 sane signal (one
massagg %ﬁag%élﬁgrs%orﬁg‘%{ﬁ%ggpégirvg eq;(‘:]yl%flgﬁ?e p%nrnl 0 Sn?gﬁd[nﬁﬁg. C/ A codes. Thus,
an S/'N 66’55‘]0 can be inproved by data integration. In contrast, 20 the
L1C signal "consists of 10230 chips and has a cycle period of 10 nsec,
wherein t i {: | : i t he
12 o1 gnal GRIS: OFpae SiEnal LG ool R T PR e

| psovenentud sl Mo &héhtiohNelieiehfde doul SasBEGREZH HrchR RS irMEor I ANRRE
signal on the LIC signal fromthe satellite, as a capture-assisting

si gnal .to bP8ed siged chinbhted1e Rithlan 11T @ndt devGamiab itk SrmSk-&oal tHeFranab4s.
conpatible with'the L1C signal) fromthe indoor transmtter 200-1, the

transmjpeey] | D can be superinposed on the Q phase signal. The reason is
that an intensity of a signal emtted fromthe indoor transmtter 200-1
i s great erAt hasckgiduat], 1t LA Cssignblroinr the satelliteewtilf beobridfiyaletdtthedat el 1 i t e,
and therefore there is no need for the capture-assisting signal. This

i s based ofhessLi@atgnalnfomitbe eattlliee isiQHE -nfodataddnes iificned ebdviet ehisin a pilot
requires the capture-assisting signal because it becones weak -t hrough

pr dPagatgnehfor ospvm byteerecejvarupapturekassistans pilvd signald ermodwatsdrand siperimposed on
required to increase the signal intensity in order to prevent the

occur r énQephase mghali pdihh Qipliasensigadl| kaspr dyshgndévsh thapuan Hewhase bignal by 3 dB.
position-I1D data, such as longitude, |atitude and altitude, is

super i Fyobe 2 aavigseon metsages sppmrarposed potiediphes@igmli s a graph show ng
spectral intensity distributions of an LIC/ A code signal and an LIC
code silB®¥]. In FIG 5, spectrumintensities of a P code as a military
code to be_transmfted froma satellite tqogether with th A code in,
the LI banbhe Kawraphyfiesdetuseassising IPiﬂPh?lﬁn@gd%Ié“ReB‘nB’QS?dr %‘hgﬁ%ﬁ’éﬁﬁeﬁl@?ﬂ B
satel lit '}o ether with the L1C code in the LI band, are 10

addSti c?ﬁz?l hown.

[0098]

The C/A code of the existing GPS signal is a signal consisting of 1023 chips and having a
cycle period of 1 msec, wherein the same signal (one message data) is continued for 20 cycle
periods of the C/A codes. Thus, an S/N ratio can be improved by data integration. In contrast,

20 the L1C signal consists of 10230 chips and has a cycle period of 10 msec, wherein the same
signal is continued for only one cycle period of the L1C signal. Thus, the data integration
cannot be utilized for improvement in S/N raﬁo. Therefore, it is necessary to use the Q-phase
signal on the L1C signal from the satellite, as a capture-assisting signal.

[0099]

25 Differently, in an L1C-compatible signal (signal compatible with the L1C signal) from the
indoor transmitter 200-1, the transmitter TD can be superimposed on the Q-phase signal. The
reason is thaf an intensity of a signal emitted from the indoor transmitter 200-1 is greater than
that of a signal transmitted from the GPS satellite, and therefore there is no need for thé

capture-assisting signal. This is based on situations where the signal from the GPS satellite

- 25 -



[0101] As shown in FIG 5, in the CA code, there are a nmain peak at a
center frequency of 1575.42 WMHz, and a sidel obe signal around the
center frequency. In the LIC code, there is a null point at the center
frequency 1575.42 MHz to suppress interference with the C/ A code.

Fur t hegpiréhcecapuraasisting sigaikhbaaaksit Gechathwealddgondh plopagaton tpeurd the
and a sidel obe signal on an outward side of the nmain peaks. [0102]
Thus, gioond,vehd&tA thedadomntansmiter ipirequied ko dacredse thx tsigmel adensitiyrig cader to
band-pass filter with a bandwidth of 1 MHz. In the L1C code, only the
mai n peaks thaochereare vl ciddpails iand vasthbledrppamstionR0 Furthegrthaipphitian-ID data,
bandwi dth of 2 MHz. [0103] As nentioned above, an intensity of a signal
t r anssuchtae tbnigrtode, digudamdontitude ns sipetimpog@idnithe diphasesignel.wher e t he
SI nal is received, is greater than that of a signal transmtted from
dP300katel lite at a time when the signal is received on the ground.
Thus it becones possible to 25 transmt only an intended frequency
conponenfl®oS &upgrapbshping feeter datensibhdisiiarions efnan 51C/4 gadpgignal and an
[ Massage- Dat a ,.GCeneration Unit 245b]. FIG, 6 i.s a functional block di a ram
showi hgcaw@smlwbr att §Gop> aﬁpmg@te@%&@ gbrfeF a¢qdsnas gnioi ltzwsso G fP

EEﬁSZ&rw“%%ﬁe 6 & AR m&feaﬁe?%aﬁﬁﬁ’% éﬁfia‘g@e Settwgﬁk] il ki Mg u
or o0 CEATAY S 40 BB EOS IOSRURE e e gL 1

si de,.t her.et on a 5 portion of the LlI-band CJA code corresponding
t]g} ‘?‘@W : ﬁd"}%ssage in conformty to a. signal format. [0106] The

nmessaggndat a generation unit 245b conprises: a comand interface 2482
for accepting a command 2480 fromthe processor 241; a TOW conmand

anal yzer 4G4 6K FIPadhng ) 'eaatggrtﬂa%g%ﬁlaﬂweaﬁwéé;hémqueé(&ﬁ@lsbmhe

- band on t
MHz, and a sidelobe signal around the center frequency. Inthe L1C code, there is a null point

at the center frequency 1575.42 MHZ to suppress interference with the C/A code. Further, there
15  are two main peaks on both sides of the null point, and a sidelobe signal on an outward side of
| the main peaks.
[0102]
Thus, in the C/A code, only the main peak can be extracted using a band-pass filter with a
-bandwidth of 1 MHz. Inthe L1C code,ronly the main peaks can be extracted using a band-pass
20  filter with a bandwidth of 2 MHz.
[0103]

As mentioned above, an intensity of a signal transmitted from the indoor transmitter 200-1
at a site where the signal is received, is greater than that of a signal traﬁsmitted from the GPS
satellite at a time when the signal is received on the ground. Thus, it becomes possible to

25  transmit only an intended frequency component to suppress interference with other signals.
[0104]
[Massage-Data Generation Unit 2455]
FIG. 6 is a functional block diagram showing a configuration of a message-data generation

unit 245b, in cases where the firmware of the FPGA 245 is set to transmit a signal compatible

- 26 -



given fromthe comuand interface 2482; a command anal yzer 2488 for
reading a content for a conmand other than the TOWconmand;, a TOW
generator 2486 for generating TOW information; and a nessage bank 2490
for receiving the TOWinformation fromthe TOW generator 2486 and
nessag@ﬂiﬂﬁérﬁ%@ﬁéﬁAﬂpé%lthe command anal yzer 2488 and storing them 15
thereiB. 0107] The nessage bank 2490 includes two banks 01, 02 each
havind 10 apacity of 30 bits to store therein the TOWVinformation, and
ei ght ban

k 3 0 havi it f. it. i
ot her rreség S?rh?%gg-?ﬂ?e\ggﬂ?e %Iéspﬁ‘%?)%a'i%ﬁ gcgﬁ%go‘ﬂ?%?ﬁiég glggt {t??fpgllétjﬁ’g‘% .ealoﬂ
t 2Q 2490 i1th a. . it f. 24 bi : CEC. t
Sa0p EogHGTe L st ien BitiRRRE o 4B erlabd Bty PR 8 o
b d .24- bi.t i h 249 d_st. th . in.
besed, s Pl Db B0 R AL B BTy

2490a. . Qﬁ[ﬁﬁ{na A sequence counter 2494 is provided to sequentially give
a read Igna %‘o the banks 01 to 10 25 in synchronization with an MSG
cl ock @@g@d on the clock fromthe reference clock 1/0 block 230. In
respor!se to the read signal, data is read out fromeach of the banks 01
to 10, anghshlsgs alf enfRASANR: 169 Shitisdd9Sontk0Shier 8] BasTol Aept
message reg?stergem%gi@% vvrlttenélgg ea Sof t wo nessagre code rgg?gcf rlrég

2466, ;3 comfand?BR0 Tk IMDIKSUERE PNOCLIBWI chiinid A88KLEDSds4 rfor[ Soudise

connection wth the operation of the nodulator 245a in FIG 4.

[ Mias s agforfaation @BaR MBOWO(TiR Of 2¢&K) iR e ©1-banli SC/A EotRe bhsdadn MleOgdinmand
di agram showi ng a configuration of a nessage-data generation unit 245c,
i N cas@genMi6imehé bemiandnieedacef 24806 a kbianadd anhiSz&€e1488 Gof faativgid content Girad
conpatible wth the L1C code. [0111] As described bel ow, the
nmessagendadmgl geheerthin dhic IMOW 24fmenand; deJi0iMedertepatpe 2486 nfoar gehbrating TOW
processi ng of superinposing position-1D data and other data given from
out si defdrinetiext; oandom raessage bank 2490 for receiving the TOW information from the TOW

generator 2486 and message information from the command analyzer 2488 and storing them
15  therein.
[0107]

The message bank 2490 includes two banks 01, 02 each having a capacity of 30 bits to store
therein the TOW information, and eight banks 03 to 10 each having a capacity of 30 bits to store
therein other hnessage information. Each of the banks 01 fo 10 has an information storage area

20 2490a with a capacity of 24 bits, and a CEC generator 2492 is provided to generate a CRC code
(6 bits) for error detection, based on 24-bit data in the area 2490a, and store the CRC code in an
area 2490b of a corresponding one of 'the banks subsequent to the area 2490a.

[0108]

A sequence counter 2494 is provided to sequentially give a read signal to the banks 01 to 10

25 in synchronization with an MSG clock based on the clock from the reference clock /O block
230. Inresponse to the read signal, data is read out from each of the banks 01 to 10, and stored
in a message register 2496.

{0109}

Data in the message register 2496 is written in each of two message code registers 2466,
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portion of the LI C code corresponding to a navigation nessage and a
pilot signal, in conformty to a signal format. [0112] The
nmessage-data generation unit 245c conprises: a command interface 2502
for accepting 15 a conmand 2500 fromthe processor 241; a nessage

conma n : [ t-en t a4 0qhe ]
R S R A
2502; 1@ dIBES398, 2506 for receiving |-phase rel ated nessage
information fromthe nessage command anal yzer 2504 and storing therein
“the | yphase related message information; and a message bank 2508 for
recei ving- Q phase rel ated nessage information fromthe nessage 20
command FNas D atpGénanechnSU Kk 'ngg;gt herein the Q phase rel ated nessage
infornation.M%8113] The message bank 2506 incl udes el even banks 100 to
119 each tay7hga durotipaslitlyckatiaga® shotwing 4 @orﬁlg@fe@ioh@a&hagsa%@ddta ph@sation
related i nformation. The nessage bank 2508 includes three banks Q0 to
Q02 . easin 2H5s,iiN Gases GApacE tHeyfipiwad8 ofithes FPGAS2I4H B8 seher @amdniihe si@nplhasepatible
related information, 25 three banks Q3 to Q05 each having a capacity of
63 bi wdthtthe E1Orced¢.herein the Q phase related information, and three
banks Q6 to Q08 each having a capacity of 75 bits to store therein the
Q phas@1dgl ated i nformati on. The capacity of each of the Q phase rel ated
banks is not limted to the above values. For exanple, each of the
capaci ti &s descrihed bhwitks GO messagodataregeberatien ungt 2480 ihidesignad, to performn a
sane capacity as that of each of the |-phase related banks. - 28 [0114]
FOP exmepising ehapermponng pepitipwlPsdas ane @then dptaesivep Fageonisidgtteretor 88 dge
bank 2508. Further, in additigon to the aforenmentioned "position-1D .
dat a" POSoR& tigak B cadreepriesponsingsiors Ravigsition neggsage and prpilof signglninorandernaty
"weat her information" and/or "disaster information" given froman 5

out si He? YENAHYMAdoor transmitter 200-1 through the radio I T 210, may be
storef ia the |-phase rel ated nessage bank 2506. For exanple, the

di sast®!Z nf or mati on i ncl udes eart hquake (prediction/occurrence)

0t A RSB 5 S TR 7
R R N e L

per | 0! of AR dran i RER e, bRRATOA'EE BRI BR ok B

an operations nman
interface 2502; a message bank 2506 for receiving I-phase related message information from the

message command analyzer 2504 and storing therein the I-phase related message information;
and a message bank 2508 for receiving Q-phase related message information from the message

20  command _analyzer 2504 and storing therein the Q-phase related message information.

[0113] |

The message bank 2506 includes eleven banks 100 to 110 each having a capacity of 150 bits
~ to store therein the I-phase related information. The message bank 2508 includes three banks
Q00 to Q02 each having a capacity of 48 bits to store therein the Q-phase related information,
25  three banks Q03 to QOS5 each having a capacity of 63 bits to store therein the Q-phase related
information, and three banks Q06 to Q08 each having a capacity of 75 bits to store therein the
Q-phase related information. The capacity of each of the Q-phase related banks is not limited
to the above values. For example, each of the capacities of the banks Q01 to Q08 may be set to

150 bits, 1.e., the same capacity as that of each of the I-phase related banks.
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of the indoor transmtter 200-1. For exanple, in cases where the indoor
transmtter 200-1 is installed in a departnent store, advertisenent
data nmay be given to the indoor transmtter 200-1 by the operations
manage 1%@ one busi ness operation of the departnent store. [0115] 15
AIthouBﬂ t particularly limted to the follow ng, an error-correction

B o B oRepu 5 R 120 P M AR TR BEaaL
1 0 0 . - i t < Ity i 1

190 ©ondife A HI S8R5 B R R B S g P
1 by R B, S S k0,5 i T

signal Ts ‘recelve n e _ _ cycl _ _
recei vessidahe irAhdb ot J00XCHroudhl e TREST/H 3100955 tR] &oke i itike %— fase

S
recei vglg data 1 n the Qg{%ase re]] at ed nmessage banlk at "a timng ear r

than tRgatd Hﬁ@s%fgte,r ghal %OHF?%Q%X;)R@[EK th@NGisAMY e intivnutidR Alch@bs %ﬂﬁ%&!&@d
position-informati on acquisition processing (query to a server). [0116]

25 The(iefsRafoltiren@p Rfoahhtiih. UM ugdidthefdin t RN teRANMDULHRS | indludQJH ERERY
manager 2510 for reading out fromthe banks 100 to 110 data to be

I ncl udgshakdiud oftRas® by BisiRks ftity] 4 pabIRCEHRBCEic., PESAdiHL Mgk Abve iRRMRRNGh.
fromthe command interface 2502; and a sequence nmanager 2512 for

r eadi nghe itfoinidtitnthey bamnssshited fontle satide tavheappagdtud@drehinti:Qe piiaBgy be
information, in a sequence according to a comand fromthe conmand

i nteer f pardod2@ly vpBatkd 11X )ternditivelyralss adenditiva nggrierwidated byrdn opddiiont urab et
conprises a nessage register 2514 for sequentially reading out I|-phase
and Q phésdndairatadmittt £00+lomBohexampleeiceasenwhger the Sddboarcnsthitter 200-1 is
sequence manager 2512, in synchronization with the MSG cl ock based on

t he cl Distalltd ona deartnient etoes, edvertisdnmeok dath Guay e givas @) thanedogr itiansgitteh200- 1

| -phase and Q phase related data in the message code registers 2466,
2468, bedpaperalienymapagen.gf onghgungss opératioreeishe denasignent eprep514 is witten
in each of the nmessage code registers 2466, 2468. The subsequent
procesmlﬁé] is as described in connection with the operation of the 10

nodul ator 245a in FIG, 4. . ) :
15 Although not particularly limited to the following, an error-correction BCH code may be

added to data to be stored in the banks Q00 to Q08, and an error-detection code may be added to
data to be stored in the banks 100 to I10. In this case, as to data to be stored in the banks Q00 to
QO08, in which the transmitter ID having a relatively short data length is to be repeatedly
included, correct data can be obtained every time a signal is received in the relatively short cycle

20 period, so that received data can be quickly fixed. This makes it possible to fix the received
data in the Q-phase related message bank at a timing earlier than the I-phase related message
bank, and move into an after-mentioned position-information acquisition processing (query to a
server).

[0116]

25 The message-data generation unit 245¢ further comprises: a sequence manager 2510 for
reading out from the banks 100 to I10 data to be included in I-phase information, in a sequence
according to a command from the command interface 2502; and a sequence manager 2512 for
reading out from the banks Q00 to QO8 data to be included in Q-phase information, in a

sequence according to a command from the command interface 2502
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[0119] On the assunption that a signal generated by the nessage-data
generation unit 245c is transmtted fromthe indoor transmtter 200-1,
a receiver (position information providing apparatus) is provided with
a plurality of divided storage areas corresponding to respective ones 15
of thmwil7phased related 150-bit nmessage banks 100 to 110 of the indoor
transmtter, and a plurality of divided storage areas corresponding to
respect i Tac arResigoidatahen&apbassid24R) fiktac respages hamkssageledifer Q08141 forhe
i ndoor transmtter. Thus, every tinme the receiver newy receives one of
t he ggtentiiloredingoutighhsnis] Qhatoreldtéd data fiven Henkguddod nianagBP 516 and
content of a corresponding one of the storage areas of the receiver is
updat the sedience masagou? pids & syhab@nizatide withaheM S cleak hasefl onfibe Adckh &nlkestht 00
to 10 and QU0 to Q08 includes an identifier for identifying the bank
associcfarede cldobriéwibidek 7301 20] writihg thd pledse taod eplipse eelatied dlatayintthe message
nmessage-data generation unit 245c and transmtted from the indoor

t r ansende registaR @446,2468, neepestigddy.i s sunmari zed as follows. In the

foll owi ng 25 description, the signal generated by the nessage-data
generl@1%n unit 245c will be referred to as "Ll C conpatible nessage".
[0121] The L1C-conpati bl e nessage conprises an |-phase signal and_a

Q phase Binia| the pagspagstregistes 2614 iawaitten ¢ snchaplitheHaesspgnends tepigieay 2469,
modul at ed with an i ndependent jndividual nessage., -30 Mryre specifically,
the G{Masé hgisgﬁ%ﬂquﬁ%i PROBERSRECH, a5f BrscaReb Sontgefian r‘?é‘lﬂéttf“?/é’l’?agﬂ%rctf th
i,nformation, ch he transmtter ID. A data length of the Q phase
s]i%gnarf10 lgat%%‘?atlﬁa@at%rat of the |-phase signal, so that the receiver
can qmﬁfgfy capture the Q phase signal, and shortly acquire the
transimiter |D. However, the transmtter ID itself has a direct neaning

égs?i on OB iioabes PP L ebieed RIS 45 WBhnllPR el Bitpi s,
v o R By e ot O AR Rite 360ETS BBl el S B O SRR
{r anSohrahfifis ARSIV p b Oof BEIRATNREgARPA! BrUSonfifhed] s DCBEAE

positron I nformation associ at t he ransm tt
15  of the I-phased related 150-bit message banks 100 to 110 of the indoor transmitter, and a plurality

of divided storage areas corresponding to respective ones of the Q-phased related message banks
Q00 to Q08 of the indoor transmitter. Thus, every time the receiver newly receives one of the
data stored in the banks 100 to 110 or the banks Q00 to Q08, a contenf of a corresponding one of
the storage areas of the receiver is updated. For this purpose, déta to be stored in each of the
20 - banks I00 to 110 and Q00 to Q08 includes an identifier for idenﬁfying the bank associated
therewith. |
[0120] |
The signal to be generated by the messagé—data generation unit 245¢ and transmitted from
the indoor transmitter 200-1 as a message is summarized as follows. In the following
25  description, the signal geherated by the message-data generation unit 245¢ will be referred to as
"L1C-compatible message".
[0121]
The L1C-compatible message compﬁses an [-phase signal and a Q-phase signal. Each of

the I-phase signal and the Q-phase signal is modulated with an independent individual message.
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The | -phase signal is nodulated with the position-ID data. Thus, a
certain situation, a nessage to be included in the |I-phase signal may
be configured as a variabl e nessage. For exanple, the |I-phase signal is

TR e R R A e T T
information. In this en, t-he .i ndpor. .tr mtter.2

connedb oo o< Spf BRSmpRp Y %ﬁé&)ﬁ?&gﬁ@@ﬁ‘ﬁﬁ%ﬂ%‘?ﬁ s eLet
mhe. + A, LioBfsd BeRIPY0 My 1B obidr ol RS Labfeed oh PLaifise il 3R B0y,
the u:aggui% A FahSGREY 8, CRRWEOAN Y HahlGhitteP D! Hicd nid tah(%’écg 98%?@%; {ere‘g

the r fver to a network. Thus, ’even I n a situation where

ocagur ?o@ﬁgnqmgﬁﬁgﬁ i ?ﬂué]%é"fé%&%e@éa‘ﬁnmh%ﬂosiﬁén b9 e iiRsmitter ID.

Li C-conpatible 2 ssage i s recelvable, a position of "the recelver can

be i defferdfhRdin hcef@Nsithafibh, URE  r8fbivdr fmd8e HRESIYE o GBELsS ANGteOMt a Berver
signal of the position as a nobile phone, a recipient of the signal can

nore epphiats| \HEF% 'Tga?ﬁi@esggﬁ,ﬁidnqaf&inaamﬁ eRlarmebild PRorel dRbrk( and @héiht Ahe

t he diSaster). above, the I'-phase signal and the Q phase

si gnalirdnaméted J0i thftes e3¢&@ dppariBdesatd RacqdRe pbliasiaifb@mtiohsetdciat@ndith the
difference in configuration such as si gnal length. As a prerequisite to

acqui rttangmpasilDi on i nformation, a receiver is sinply required to have a
capability to receive at |east one of the two signals. In a certain
silbuatfi0d22] the receiver is configured to receive both the two signals.
In anot her situation, the receiver is configured to allow a user to

sel ect i velhe [1pbawi signabne nofduidtal twish the gositisndBDcdatali nihusp areddin Sitviaton, a
selection is achieved.by allowing the - 31 wuser to input a setting for
def i nimepsagyi whbaoinctuded tinvshes I-ghadessigmal mmyblee cerdaiuvasidas i vagablhangsesasi v ET
In yet another situation, the receiver is configured to automatically
swi t crexample, preabphasg isigmal isrmeedlstied gvithod eatiaple nEsgagasichiagrigattie adeimatiog,
node, for exanple, in response to a failure in connection to the server
via a et infoanatinm eredifesir lafeamations dn géditips fo gpsitipe iforBiiagni Enthipgase,
network. In this case, the configuratjon may be achi eved according to an
appl i CHisidhe didophEansailienA0- 5 ORRGHHCEOARE SFEE DG aRgRle sy g0

(0120 Rl o g o SRl Qe e S ed L om oot e
a0 L Al A SN R AplS5 AR0E and RS AL S Bk el RE SO R
position without connecting the receiver to a network. Thus, even in a situation where a
disaster occurs and communication networks are congested, as long as the L1C-compatible
20  message is receivable, a position of the receiver can be identified. In such a situation, if the
receiver can send out a signal of the position as a mobile phone, a recipient of the signal can
more easily identify a position of a sender of the signal (a victim of the disaster).
[0123]
As above, the I-phase signal and the Q-phase signal have a difference in moderating
25  information itself, and a difference in configuration such as signal length.  As a prerequisite to
acquiring position information, a receiver is simply required to have a capability to receive at
least one of the two signals. In a certain situation, the receiver is configured to receive both the

two signals. In another situation, the recciver is configured to allow a user to selectively

receive one of the two signals according to need. This selection is achieved by allowing the
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[0125] ( LIC/ A-Conpatible Signal) Wth reference to FIG 8, a
positioning signal to be transmtted fromthe transmtter wll be
described. FIG 8 is a diagram showi ng a configuration of a signal 500
to be emtted fromthe 15 transmtter nmounted on the GPS satellite. The
si gnakisép Q0 inpt @%@ﬁﬂhgsfﬁﬂdéﬁmﬁ ¢ WRichWT-the anesigaale s aohsteetived i8fo BOQcdites.,
i.e., sub-franes 510 to 550. The sub-franes 510 to 550 are repeatedly
transii tyeedardyher heituatiams Md trédeivet Nist BorEigexad egut@asticatly, tiects w- ThHanws
510 to 550 consists of 300 bits, and is transmtted at a bit rate of 50
bps ( bighalpreceisiag amdle. to Ahphaeaighabiecehvéngmbdé, rfamesamypls, ih respsmie thadfailorea
period of 6 second. 20 [0126] The 1st sub-frame 510 includes a 30-bit

t r anspordonosatiohe&d thé 1sereer3@idbia cohmaobniddtior netmfods ndatel oo Bdrigestaomd of the
240-bit nessage data 513. More specifically, the clock time information
512 i nwhodsisacdoaktwdrke Innfhis wate, dhe acofigurattbnvmay bdecliisteds adsofdingrao 5H0
is generated, and a sub-frane ID. The sub-frane IDis an identification
nunbeapilisation ef tha geseiyiar fogenhhrcetbe cap esighed eithereceigat. t he remai ni ng
sub-franmes. The nessage data 513 includes a GPS week nunber, clock

i nf or R2Abn, health information about the GPS satellite, orbit accur acy
informati on about the GPS satellite. [0127]  The 2nd sub-frame 520

i ncl udes [Ratdipicture phpigpelte beassauiiedspam Iadomil@n%mlé%%@@ tire - 32

i nformati on 523, and 240-bjt ssage data 523. The clock t
i nf or mat iFoR1E2D dHaSTREEreeh® SlgE%lrﬂOinﬁliFlE]tel Wi a8 Itlﬁ?ﬂ‘ Gl wsfel\gkth 3UBeSFRgEe

5 The data 523 includes a ri,s e ephenerls

(o a Bt oR B irarssgeenneTGrioD SRSt B OSisHlfa satel Iite en tti ng
a pOﬁhésgnlng signal. The epheneris is highly-accurate information

whi ch uccessively updated 5 by an adm ni strati ve bureau managi ng

- navi gat i t [0128] The 3rd sub-frame 530 has the sane
confi gurg?‘ilg%A OIW@[LD%% éﬁ% 2nd sub-frame 520. Specifically, the 3rd

t :Jfref r ?Eﬁxrﬁﬁg e RAbLSIE £ o i ERRRAE LRRRIARGS My o Pllider B Bt
| nf or FBleg SAChES, L Rt EONAUEALDRDY ASHRL0) B B ndkSh from the

sub-frane Ness at a emeri s.
15  transmitter mounted on the GPS satellite. The signal 500 is comprised of five sub-frames each

consisting of 300 bits, i.e., sub-frames 510 to 550. The sub-frames 510 to 550 are repeatedly
transmitted by the transmitter. In this example, each of the sub-frames 510 to 550 consists of
3OO bits, and is transmitted at a bit rate of 50 bps (bit per second). Thus, each of the sub-frames
is transmitted in a period of 6 second.
20 [0126]
The 1st sub-frame 510 includes a 30-bit transport overhead 511, a 30-bit clock time
information 513, and 240-bit message data 513. More specifically, the clock time information
512 includes clock time information acquired when the 1st sub-frame 510 is generated, and a
sub-frame ID. The sub-frame ID is an identification number for distinguishing the 1st
25  sub-frame from the remaining sub-frames. The message data 513 includes a GPS week
number, clock information, health information about the GPS satellite, orbit accuracy
information about the GPS satellite.
[0127]

The 2nd sub-frame 520 includes a 30-bit transport overhéad_ 521, a 30-bit clock time
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[0129] The 4th sub-franme 540 includes a 30-bit transport overhead 541, a
30-bit clock tinme information 543, and 240-bit nessage data 543.
Differently fromthe above nessage data 513, 523, 533, the nessage data

Pnt or Eééﬁﬁ%ﬁe ioPoto ke a-Bi @%%a%%@gf#ﬁﬁ?mh‘f%a%ﬁéﬁ%{%?w%ﬁ%@ﬁiﬁga&w same

Uni i . 130 - 50 i .

R i e L

240- bi . ! i -

ot or P o iedSs 3bao PG RT AAES bR, RicinlH6n 1855 &' FIRE Bt »

messag oQﬁBﬁingéi%n?l?Sel’PE%%M9§ﬁ%h§f-?&ﬁram%na 7 Wi ik c@@%%lﬁpdated
s of infor e e al a

different typ it on ar Ined I n eac page. C

| 91 M Ahdhtib G BLIHE nOha RS ASALAKR GORL SRARIEDI LS of al | exi sting

GPS safellites including the arorementi oned GPS satellites. After the
transmyggiggn of the sub-frames 510 to 550 is repeated 25 tines, the
nessage dafa is returned to the 1st page, and the same 25 infornmation

wi Il be enTid el sitPfadt 530NBasSthR- MBS tioR &Dthafllo® thé 2R NGublRehnd KoM
each of the transmtters 120, 121, 122. en the sub-frames 510 to 550

are re@pesadalby temd REs a5 30nh &R 30IbiP Handpditng cARRA 3T, WS30-8i0 Qlock time
position of the position information providing apparatus 100 is

cal cul atfetnitaseis3oand340-bRindseap@niaey $Esadwridcki tithe infedmationi 532 [hasl € dame
each of the transport overheads 511 to 551, and the nmessage data 513 to
5530 [ @tBRFuratfonsisghatlin 80 shab-frivee Sdive Tat medsegrgddta 833 mbltleoth e eplodmearis.

t he nessage data 513 to 553 5 included in the sub-franes 510 to 550.
The si gARI®|I560 is different fromeach of the sub-frames 510 to 550 in
that it has data indicative of a position of an em ssion source of the

si gnal 560Thd Ath pitatramefS46r inctudies faoBGrbiti wmspspravsdwdd £t1t e3@phicstedk dime
(in the nmessage data 532, 533). [0133 More specifically, the signal
560 conpiorsalpna54s, bid 24RMit npssee datg ¥5- biDiffereay fiom e abgye messgpdatagls,
)5(-62,00(;%53? %g&,x@liggrﬁesigg?’é de?taY5-4C3OiOnrc(ljuidrelsa ta?me\)/,r?alcui%fc?r?ni"tio& szu-ng:xggrryd(i)p 2§tglli¥ealhga?th
15  information, ionosphere delay information, and an UTC (Coordinated Universal Time)
paramecter.
[0130]
The 5th sub-frame 550 inciudes a 30-bif transport overhead 551, a 30-bit clock time
information 553, and 240-bit message data 553. The message data 553 includes almanac
20  information, and summary of satellite health information. Each of the message data 543, 553 is
composed of 25 pages, wherein the above different types of information are defined in each
page. The almanac information is indicative of respective coarse orbits of all existing GPS
satellites including the aforementioned GPS satellites. After the transmission of the sub-frames
510 to 550 is repeated 25 times, the message data is returned to the 1st page, and the same
25  information will be emitted.
| [0131] -
The sub-frames 510 to 550 are transmitted from cach of the transmitters 120, 121, 122.

When the sub-frames 510 to 550 are received by the position information providing apparatus

100, a position of the position information providing apparatus 100 is calculated based on
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correction coefficient (zZhf) 566, an address 567, and a reserve 568. The
signal 560 is transmtted fromeach of the indoor transmtters 200-1,
200-2, 200-3, as substitute for the nmessage data 513 to 553 included in
the sub-frames 510 to 550. [0134] 15 The PRN-ID 561 is an

i denthinGabh@magbREntohf@maaee indidedrin cath af GHeotihspbrt pyethdady sndenssi,
noi se codes (PRN code pattern) pre-assigned to a transmtter (e.g., each
of thenditheloeEsagt daxasnd td 83> 200-1, 200-2, 200-3) as the enission source
of the signal 560. Although the PRN-ID 561 is different from

i dent[i0iBZjati on nunbers of a group of pseudo random noi se code patterns
assigned to respective ones of the transmtters nounted on the GPS

satel it dssignal 360 bas DO savhendatd lerath en thetifeactaof it edtstage alaps 81ddo 553
random noi se code pattern belonging in the sane category as that of the
atov eingluderpindhe peletidmcs &htitnd Hbi Shecaiel pel tsalifierentTiers ea¢inof ts soindiantes
reviving the signal 560, the position information providing apparatus
can ati@Liord04nshasfit hayalatassdicatove efipenities efarcedissipa sowen of tesignabi6.dn
the indoor transmtters, fromthe received signal 560, and identify
whet Hepcaaf@riit gﬁ@maﬁ@nteﬁarewéaﬁ therppberans @ tsgnessage ot 13%833) om t he
satellite or 25 the signal 560 transmtted fromthe indoor transmtter.
[0135[]0133ﬂhe X-coordi nate val ue 563, the Y-coordinate val ue 564 and
Z-coordip e val, e 56

data indjcative i nstall at.ion | ocati

Vst specificli fi{e i 50 Comﬂﬂsaa ‘P‘E?’kl‘ﬁ‘ﬁ) ST e ddrchih FRRSTLER,

gf3the| oordi nat e vag 4 and r%lnaeva ug 565 be -, ?d
o eif%n?% GO IBREGHE 26 oh g s B IOP G CP BLAE THpEY Pttade
't 5 P GPenel 25Dkt «0RER oty SRy ey 5605
2 CoOr AR KBk BachOr b HRbol RIS, 508y 2bb LudBoGOTL ol for the

coef f1Cl Cash

cor e”éf%*;%é B @?5%?“@@%@”?8&%%"9%% P8P8 s bui 1 di ng name

"adv ,§]ement data", "traffic information", "weather information" or
dlsat i nf or mat i on (e.qg., earthquake information)" is assigned to the

rgserve TRE PRNAIBS6ILE %qaéﬁiﬁcation number of a code pattern of a group of pseudo random
noise codes (PRN code pattern} pre-assigned to a transmitter (e.g., each of the indoor
transmitters 200-1, 200-2, 200-3) as the emission source of the signal 560. Although the
PRN-ID 561 is different from identification numbers of a group of pseudo random noise code
patterns assigned to respective ones of the transmitters mounted on the GPS satellites, it is an
20  identification number assignéd‘ to a pseudo random noise code pattern belonging in the same
category as that of the above group of pseudo random noise code patterns. Thus, in response to
reviving the signal 560, the position information providing apparatus can acquire one of the
pseudo random noise code patterns assigned to the indoor transmitters, from the received Signél
560, and identify whether the signal is the sub-frames 510 to 550 transmitted frbm the satellite or
25  the signal 560 transmitted from the indoor transmitter.
[0135]
The X-coordinate value 563, the Y-coordinate value 564 and Z-coordinate value 565 are
data indicative of an installati.on location of the indoor transmitter 200-1. For example, the

X-coordinate value 563, the Y-coordinate value 564 and Z-coordinate value 565 may be
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(LI G Conpatible Signal) Secondly, a data structure of a signal
conpatible with an L1C code with a nessage generated by the
nmessage- data generati on unit 2450 vvi |1 be described. [0138] 15 A data

f -, be d b bel A 1. Fi )
Cont | gPEEPURS B LR gt J&n%d a“rtﬁuéf erssne% ?%e'lﬁf"ge?%ﬂf é\jlﬁ‘&&gﬁa%?ln;ci%%@mm
f t f th G bl
SOnTL IHEH B0 sl diflEARY il%grf B of PRl Breald! Bdmat ot Shilfrude

after- H&Eﬁ‘[h tgﬁg tl%es% 00311519121‘: #4158 5 grﬁ)étlricﬁﬂ%@ %E%ﬁt%a-@? g?fillcoé'}iglent may

i ncl udes ransp or over

i nforngt i, 6%12 thgé:?%é fg)B@ialngx d&ﬁa a3 le'lﬁztoft" i L& ehl?n 4iredth be

X-coor di nate e va ue 8 and coor i nat e

valge %%e%‘%‘?]wo‘?b?‘ﬁ (%h%&l&{cote Sitggal 810 are the same as initial 60

bits o r ames 51 to 550 to be emttedfromthe GPS
satel | [61‘36] [0139] 25 " Mai | address/ bui I di ng nane", advertl senent
data", "traffic information", "weather information" or "disaster

i nf or mat i Ryl @S ERRIcht Qlamée MESREYRIRHE A8t "taPd OhforMatibonalwBaRr
is transnmitted as an after-mentioned 2nd sub-frane by the transmtter.

The  singftedati8BRO0t Nibddee Snfdrifatiint (S beafrt‘hq{iﬁ{d iRfctahtiodn ifbisidnédeo the reserve

correction coefficient 822 and a - transmtter position address
823. Eaehs5e$. after-nmentioned 3rd to 6th sub-frames is also transmtted
under a condition that 144 bits on a downstream side of the sub-frame ID
of 1@ he[0187pnal 820 (the altitude correction coefficient 822 and the
transmtter position address 823 in the signal 820) are defined as

di ff er ent (LhE-&tomgtaiibke.Signefllor mati on to be included in each of the 5
sub-frames is not limted to the above information. For exanple,

advert i seMeotndhg| atdetd storctyposift # eighiahfcompatible rwidin dhok.1 € n¢ode neith WRbessage
(Uni form Resource Locators) nmay be stored in a predefined area in each
of t hegenetmted bints mgsgpeadata gingeation gniaP4>@80l bard@rdbehow an exanpl e of a
transm ssi on node of the signals 810, 820 10 and the 3rd to 6th :
sub- f r BHB8] each having the sane structure as that of the signal 820. The

15 A data structure of an I-phase signal will be described below.
~ (1. First Configuration lof I-Phase Signal}

FIG. 9 is a diagram showing a first configuration of the L.1C-compatible signal. As shown
in F1G. 9, six sub-frames arc fransmitted. A signal 810 is transmitted as an after-mentioned 1st
sub-frame by the transmitter. The signal 810 includes a 30-bit fransport overhead 811, 30-bit

20  clock time information 812, a 6-bit PRN-ID 813, a 15-bit transmitter ID 814, an X-coordinate
value 815, a Y-coordinate value 816 and a Z-coordinate value 817. Initial 60 bits of the signal
810 are the same as initial 60 bits of each of the sub-frames 510 to 550 to be emitted from the
GPS satellite.
[0139]

25 "Mail address/building name", "advertisement data", "traffic information", "weather
information" or "disaster information" is assigned to the feserve area 818.
[0140]

A signal 820 is transmitted as an after-mentioned 2nd su‘b-frame by the transmitter. The

signal 820 includes a 6-bit sub-frame ID 821, an altitude correction coefficient 822 and a
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signal 830 includes a 1st sub-frame 831 and a 2nd sub-frame 832. The 1st
sub-franme 831 has the sane header as that of each of the sub-frames 510
to 550 to be transmtted fromthe GPS satellite. The second sub-franme
832 is a frame corresponding to the signal 820. [0142] 15 The signal

840 ithglhiles posksdn atdieds’ 89 8Bdchabfl afteBhfinfibie 3Rk 2o GTh&ubStansdsbisl hRoE
831 is the sane as the 1st sub-frane 831 of the signal 830. The 3rd

f r amerdidaithRisuddee as@mditiodt thatCt4r Bitasn tahddwittreihaidd ghale SB0kark®1B3f thdhe
above configuration is repeated to the last signal 870 for transmtting

a 6t hsigiab820 aive altitedd checisdrgaifi@at 820 cnd destrifymitiatpositionfaddrees 8aidint the
6th sub-frame. [0144] When the transmitter repeatedly transmts from
t he siignadl828Bare defirted i djffatenB tfprobdtenl s infosmdiidnr wnke &Bluded inr @aok raft thed
every transm ssion of the signals. After conpletion of transm ssion of
t be lsib-feubesf isame, lireitechér tlimebofe triiemragioni nFogesulplé,r ahedisesenhnsadated do
25 Specifically, the sub-franes are transmtted in the foll ow ng order:
1st spesitfonaitméorg@tion andjed Intest LiRme (@@ form>Respureubodatenyk n8F1be storddin a
sub-frame 842 --> 18t sub-frame-> --- -> 6th sub-frame 872 -> 1st

sub- foredadingd areasin palh of ke fubalbemes2 ---- - [01451 (2. Second

Confi uratlon of I-Phase Signal) - 36 FIG 10 is a diagramshow ng a
secon®14Unfi guration of the L1C-conpatible signal. A structure of the
nmessage data ma}/be def | ned |ndependentl of the sub-frapes 510 to 550,
[0146] Fivesigelschifcopt Pathoy ahevanrlng @éﬁa@ﬁlalwﬂfm@‘iﬁaﬂhsﬁ@ﬂlw& 820

(10 g e %ﬁ%%@ﬁ”@ﬁmﬁ ROSHBING 95 3305 BrKBIoRoRa OF 4 SRAHPor ThD
o1 S S Bl S S S
125, 605t A O i s %ﬁﬁ oo S
satellite. 'The second sub-frame 832 is a frame corresponding to the signal 820.
[0142]

15  The signal 840 includes a 1st sub-frame 831 and a 3rd frame 842. The 1st sub-frame 831
is the same as the 1lst sub-frame 831 of the sigﬁal 830. The 3rd frame 842 has the same
structure as that of the signal 8§20.

[0143] |

The above configuration is repeated to the last signal 870 for transmiﬁing a 6th sub-frame.

20 The signal 870 includes the 1st sub-frame and the 6th sub-frame.

[0144]

When the transmitter repeatedly transmits from the signal 830 to the signal 870, the 1st
sub-frame 831 is transmitted every transmission of the signals. After completion of
transmission of the Ist sub-frame, either one of the remaining sub-frames is inserted.

25 - Specifically, the sub-frames are transmitted ip the following order: 1st sub-frame 831 — 2nd
sub-frame 832 — 1st sub-frame 831 — 3rd sub-frame 842 — 1st sub-frame— -—- — 6th
sub-frame 872 — 1st sub-frame 831 — 2nd sub-frame 832 ----.

[0145]

(2. Second Configuration of I-Phase Signal)
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vari abl e of the signal 910. 10 [0147] Each of the signals has a 150-bit
| ength. The signals each having the sanme structure are transmtted in a
nunber of six. The signals having the above configuration may be used as

o the oi didh L0 PabEPupLRONEr s’ RRERbRIORARTOL TErsohitalOp . =K
the si gidi ST K ) ISR g
Er ansnt Rut s O Mo @t il PO BRRR Rl B e FRehskfo s 550 1 e

transm % n source is the indoor transmtter, the X-coordi nate val ue,
the Y-coordi nate value and the Z-coordinate value are included in the

oot _ £ coordt \ e | 0
can di spl aaoon 0 ety RpoB0ShE RRbdd RFRELRR, BF Mk 0N ABRAIR tionid
| nfor ”R%fe%%o‘{o@’ltﬁ 0% 193 Ul ke AaRSSEO VR M t Qp{eﬁﬁ%kemeawhﬁhg

11, the position inforntition providing apparatus 100 w e " déscribe

FIG 1813 % @aki0edt 10 AA aM-§RWaHe 935hal MebedicaBlikevas] o¥-Qlordilfe value
position  information providing apparatus 100. 25 [0150] The position

I nf or me17,Qrz-RESdiric \ehIAPPE dus pRO/CRUTDL 9.5 €5 'sjghi] 90U BidNAcAPiguraditn Rimilar
(Radi o Frequency) front circuit 404 electrically connected to the

ant enng #Ha2of ehedipyil ©Q0V eThe EignA OB 0eheietied £ 3tdoyd cafnkIetoRd ihplide e first
front circuit 404; an AID (Analog to Digital) converter 408

el ect r vargdbllyoftthesigaaled 0t o t he down-converter 406; a baseband processor
410 electrically - 37 <connected to the AID converter 408, a nmenory 420
el eetr{@al’Zly connected to the baseband processor 410; a navigation
processor 430 electrically connected to the baseband processor 410; and
a di spl ay Raoh tof #itOsighadc has € A50-pitdargtiect Elak signdlh eachahdvye thersamestrestsor are
430. [0151] 5 The nenory 420 includes a plurality of areas storing

t her ei ragsnpited &l & mymber psstdoThasigoals having ¢he gewepanfigimsommay deaistdps a
identifying each enission source of a positioning signal. For exanple,

i n caséigngifie pe tragsmijtpd oy the fleoptisnsatidetar e used in the system the
menory 420 may include forty-eight areas 421-1 to 421-48. |In anot her

si tuat (UA81i f the nunber of the types of

15 Each of the signals illustrated in FIG. 10 has the PRN—ID, so that the position information
providing apparatus 100 can identify a transmission source of a received signal, based on the
PRN-ID. If the transmission source is the indoor transmitter, the X-coordinate value, the
Y-coordinate value and the Z-coordinate value are included in the received signal. Thus, the
position information providing apparatus 100 can display an indoor position.

20 [0149]

[Configuration of Position Information Providing Apparatus 100-1 (Receiver)]

With reference to FIG. 11, 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. |

25 [0150]

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
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code patters is further increased, a |larger nunber of areas wll be
assured in the nenory 420. 10 Conversely, the nunber of the types of
code patterns nay be set to a value |ess than the nunber of areas
assured in the nmenory 420, on a case-by-case basis. [0152] For exanple,

i N CcasesecwderoethdSAITY petvéier Ode apatinennd20 sbdtriidalla @ahedttd t@haseseband
position-determ nation systemusing 24 satellites, 24 identification
dat a ptdJehoe dtig;sy ndvagatibh pretesdor g0 rRipctrivally espectcdve tisebhskbantigsoccasnd 419,
extra data are stored in the area 421-1 to 421-36. In this case, for
examahé a dsphgamitctddabattinalipicencctedao fattaeigatibw progedsbr 430.one of t he
satellites may be stored in the area 421-1. The code pattern can be
read[@Lftl]fromthe area 421-1 and subject to a cross-correlation
processing with respect to a received signal, so as to perform signal

t packi ngrheamdmdescéd] mgludes a phusiity ot iacgas wesiogdhereing pldedity of psesde eagwioved
signal. Although a technique of 20 reading out pre-stored code patterns
has Wewsa codopatierss an datedopidentifying eanhi ¢uiesion sgeise 0ata pasiticniniesighalt e Fas
using a code-pattern generator may al so be enpl oyed. For exanple, the
code£panpler M geerewvhersrdSnameshel edRipatien apy usednbithe pyptemnothe ceamaiy 1428 N4y
registers. A configuration and an operation of the code-pattern
geneitlvte fppyragiaresdly! imiidlrd%.o0ol Hipther siuatiogy if the mumber g the fypesrafis,
their detailed descrjption will be omtted. 25 [0153] In the sane

mann&Pde BATYFaIUFGT BTkl ddaregha < RISl myRRty 1480t he
19t ifoghstl, bR aRRe B Bk 6 2o R0RR1 G 96 o5 bk JeTBO R Bkt

rando? noi se._cqde attern‘ﬁﬁm ned to the, 1st indoor transmtter naybe
st or 844" FRECH R 42T nm??ncgseéjgé‘@,seaﬁﬁ'e the indoor transnitters
havi EQ]SZ- 38 12 types of code patterns can be used in the first
enbodient, it is preferable to arrange the indoor transmtters in such

a mannerpfhat, ’ng{l %ésgt»g%er%\jhﬁ:tﬁggsoroft CARS Walil Bt Suddd! 89 4 NGt A R ase

code pattern ar recei vabl'e range of a same one of

code patteridre not Focared e Tange of "' safe ok
o1 REPP Atshnaiar o fom B 21 QPRSP GRS ARCPPRN' oIS

fik Ooridéﬁftifﬁﬁ%tlﬁ%éﬁ%@& R Qitel Ohadb extiihiieke stbdGAIESrNS £110821-36. In
Li C-conpatible signal 1s received, a plurality of storage areas.

Z(Zj(r)r ngg Qé(ij‘s(eéls ig?ie%ggﬁlge% g?ﬂlﬁ rabdointholseodeBRttdrR fSOBfAE Endef the Batbilifes TRAPEY
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 1o perform signal tracking
aﬁd decoding of a navigation message included in the recetved signal. Although a technique of

20  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 achieved by combining two feedback shift registers. A
configuration and an operation of the code-pattern genérator would be easily understood by those
skilled in the art. Thus, their detailed Idescription will be omitted.

25  [0153]

In the same manner, a plurality of pseudo random noise code patterns assigned to the 1st to
n-th indoor fransmitters each capable of emitting a positioning signal afe stored in the areas

421-37 to 421-48. For example, a pseudo random noise code pattern assigned to the 1st indoor

transmitter may be stored in the area 421-37. In this case, while the indoor transmitters having

- 38 -



[ 0155] 10 The baseband processor 410 conprises a correlator unit 412
adapted to accept a signal output fromthe A D converter 408, a control
unit 412 for controlling an operation of the correlator unit 412, and a

s e R S L e
i ti . 430 i t 0Si ti i it.
B s S e
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i ndi caf Ve 6 ndoor "posi osition "intornatron providing

appgg?%yg Jgqntﬁggﬁﬁﬂﬁﬂﬁggh?gﬁgggégﬁbron1the determ ning unit 416.

[01 e ‘antenna e of receiving respective
posi ti i@iﬁ signals emtted fromthe GPS satellites 110, 111, 112, and
a positioning signal emtted fromthe indoor transmtter 200-1.

Further, i G868 YRsr e}é‘ﬁ\gﬁgl%-tkﬁrﬁﬁadﬂi'é SR, QbeRAYA gilﬂﬁit?%{?%fo@%gésar@cgo

is enbodied as’'a nobile p e antenria 402 is al sO capable o

trans mcbltrééﬁﬁnﬁﬁg i e Buyis0 tS 1R, lto U@S Al §25eHR mdnSdr§ 3004 MeER b8 Bh Ve,
data communi catTon, instead of 'the above positioning Signals. 25 [0157]

The RF{hrept circuit 404 is operable, in response to accepting a signal
received by the antenna 402, to performa noise renoval processing, or

a fipl teri NthePbRCRESI MOcdsSdr PLE Bd)i’hﬁﬁm DBdi¥elatdr ShiInNAR itRYicd FodackéR de kighad
bandw dt h. A signal output fromthe RF front circuit 404 is input into

t he dowatpao et ttled AdD6convedd 4(0%) 1D Gbntrolhenitl MY -foo RYEEd1BHe 48 60pesatenesfthee
to anplify the signal output fromthe RF front circuit 404, and out put

t he anpbirélaed wiigndd, asl anddtanenimgdist @6 rguRnemimhgal emEhien source of a
i nternedi ate-frequency signal is input into the AID converter 408. The
Al D compostiosing 40Bal based onpdatabliput frogutheemiirvhenit Al ér nElk aswegdtioagprecasyor
signal input thereinto to a digital conversion processing to convert it

i nt o di4g0t edmpizes . anThetddoyipositiotiagauiis (pwidaor-pasitiont detehninetiemding) oB@s or
410. [0159] _

15  determining an outdoor position of the position information providing apparatus 100, based on a
signal output from the determining unit 416, and an indoor positioning unit (indoor-position
determination unit) 434 for deriving information indicative of an indoor position of the position
information providing apparatus 100, based on data output from the determining unit 416.

[0156]

20 The antenna 402 is capable of receiving respective positioning signals emitted from the
GPS satellites 110, 111, 112, and a positioning signal emitted from the indoor transmitter 200-1.
Further, in cases where the position information providing apparatus 100 is embodied as a
mobile phone, the antenna 402 is also capable of transmitting and receiving a signal for wireless
telecommunication or data communication, instead of the above positioning signals.

25 [0157]

The RF front circuit 404 is operable, in response to accepting a signal received by the
antenna 402, to perform a noise removal processing, or a filtering processing for outputting only

a signal having a predefined bandwidth. A signal output from the RF front circuit 404 is input

into the down-converter 406.
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In the baseband processor 410, the correlator unit 412 is operable to
performa correlation 10 processing between the received signal and the
code pattern read out fromthe nmenory 420 by the control unit 414. For
exanple, the control unit 414 is operable to provide two types of code
patter&gﬁﬁifferent in code phase by 1 bit, and the correlator unit 412
IS opé e to performa processing of matching the two types of code
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Co i . ’ ' _ t S ¢ . . C o

o7 gnap S ool MRIPHAIAINRE! Phic Bt i SR 10 (ROBLAN Bdcossor,

i nfor q?@_i on providing apparatus 100 is operable, based on the

identifred code pattern, to denodul ate the positioning signal and

decod ggpnsssage therein. [0160] Mre specifically, the determ ning
unit 416 is operable to performthe above determ nation 25 and send out

dat a depgRdhdBaseBardd BrodQker MO Qtreldtor dilie4 AN GREIDLMAPPRERHSO EorfélPion
The determning unit 416 is operable to determ né whether a PRN-I1D

i ng| ughestetsih@bétRean HRtecdd@sl 4i@iiang tisd GRR! pattern fed b€ fbmt Beandiiddy!420 by
assigned to a transmtter other than the transmtters nounted on the

GPS sd#ieadontrbbanit 4 01 6 Hor 4Ramplecthe xamtpd] emwthid A s 2erdBStdprioe]deitive Sy of uodd
in a position determ nation systemw || be described below In this

case, pafferhy gferaft ipsede phasarigdoinbitiasd tiodasclator Linidi4h g 1experableadgrrfarma a
used, wherein PRN-01 to PRN-24 are used as nunbers for identifying the
r espe procesifgPH maahalg the dwo (tPRY-dfDo)de pattdmPRNIR et digiRRNaB6sad eout Seoain dise
nunbers for identifying respective 5 extra satellites. The extra
sat el 1A/Pecomeertes 448 s atatthdrt hewoirelatdrinftidl2hie operablechasdd ion thel dode pattetns, tn
initially launched satellite. The extra satellite is |launched to prepare
f&f pdorask bl positiining signdl tepevedshy thamebition dnprmatien praviding tapparatin dl 08t sk s
nmounted to the GPS satellite. [0162] . ) ) o
identify one of the code patterns which has a bit sequence identical to that of the positioning
signal. In this manner, the pseudo random noise code pattern is identified. Thus, the position
information providing apparatus 100 can determine from which of the satellites the received
positioning signal is transmitted, or whether the satellites the received positioning signal is
20  transmitted from the indoor transmitter. Then, the position information providing apparatus
100 is operable, based on the identified code pattern, to demodulate the positioning signal and
decode a message therein. |
[0160]
More specifically, the determining unit 416 is operable to perform the above determination
25 and send out data depending on the determination, to the navigation processor 430. The
determining unit 416 is operable to determine whether a PRN-ID included in a received
positioning signal is identical to a PRN-ID assigned to a transmitter other than the transmitters
mounted on the GPS satellites.

[0161]
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Further, for exanple, 12 types of pseudo random noi se code patterns are
assigned to 10 transmtters (e.qg., the indoor transmtters 200-1, ---)
other than the transmtter nounted on the GPS satellites, wherein

nunbers dj fferent from PRN- | aSS|g ed to the atellltes such, as
PRN- 37t oOPRREI) le 3T %d’ wtqlﬁ? égeplé%? 1@@ RORBON G taminatipR skt EIDe
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el AR\ %?%313? & uplteoo e “ﬁlﬁﬁ&?&esg‘é%é%’s

bet Weegteﬁ %.n fﬂf&? %ﬂ'st t eg PI{I{I tPhe 23%88; &sga %g b% < for 1@@11’[ g’é‘étrl_lv%

rray be use m)re O ansm ters. ase

ar sanggiE il uble 15008 f Ll lﬁ@amsga[ st il mRer laﬁ]x{c%@&%{a& gl

of "th a55|gne ransm ers use

20 Th%ﬁﬁﬁgﬁd&@ﬁdaagsapap& 44 b rao&gélﬁﬁé' ? Jaufithdd {o?r%‘g@?& dJngs&l'é%mﬁS‘é‘ﬂﬁle

random nol'se co terns store e menor etermne
whet NQspRs QAR hhd EfiEa bl Bthely ABAcd £ARE GRS suRARL! fONI ng signal s
dentica he code pattern assigned to each t he i ndoor
transr[mgzqrs If the two code patters are identical to each other, the
determining unit 416 determ nes that the received positioning signal is

transm t t petHck, Ofﬂr%?%m% e, L1722 typR¢l QT psbtid $aHdOLE hbise |cfodé‘q1aﬁel§1§'%r@5tss1gned to

determ ni ng unit eternines that the received positioning signal is
t n@ns ridnt@dteld @2, 0Me ifdoor tthskatersa0el | i-hasther then the! tighsHRt Qb WItAD o e
416 i s operabl e, With reference to the code patterns stored in the
menor YGER Gatelliesd@heeini menssre differéd drgntied PRNeDsWikighed o theSh@lifek, widthas
the acquired code pattern. Although an exanple based on the code

pat t erRRNdg0 PE&R4 8 hovwassiged e tdspetaive gyied of thehenslettiersn fabthenwotdsein this
determ nati on nay be nade based on conparison of - 41 other data. For
exanpleamplmpizare son 48fPRNEDEPRNF drDsx angpid) ether RRINBGr tot PRN et enenassighedio the
[0164] If a received signal is identified as a signal transmtted from
one ofinddve i@gRSnittatseivhile exking dveourdet en mimngegnanh pf the idddos trapemitibise Tbus éhd
out data acquired fromthe identified signal, to the 5 outdoor

pdsi t iotansgniiieri quABAs stthie aldaval aapgbler efdavoiding derferdent betieen sigg#alemitted
i ncludes a navigation nessage. Oherwse, if the received signal is

i dent iffqre dhe éndoos itgasmitiersa rﬁgﬁ*rﬁl'fl‘é & RiY-bh pe befusedhdn tageomots ahée indepss
for exanple, the indoor transmtter 200-1, the deter%nl ng unit 4165@11

oper abffassmitesta n dased opsich aa@aaw@a th dansthistersian defisediingg Bipmber grepter
| ndoorthﬁ 0 ot IIQIQNQBS lejlglslléne to transmitters for use on the ground.
[0163]
20 The determining unit 416 is operable, with reference to the pseudo random noise code

patterns stored in the memory 420, to determine whether a code pattern acquired from a received
positioning signal is identical to the code pattern assigned to each of the indoor transmitters. If
the two code patters are identical to each other, the determining unit 416 determines that the
received positioning signal is transmitted from one of the indoor transmitters. If not, the
25  determining unit 416 determines that the received positioning signal is transmitted from one of
the GPS satellites. Then, the determining unit 416 is operable, with reference to the code
patterns stored in the memory 420, to determine one of the satellites which is assigned with the
acquired code pattern. Although an example based on the code patterns has been shown as

methodology for the determination, the determination may be made based on comparison of
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This data is coordinate val ues pre-set as data for identifying a
position of the indoor transmtter 10 200-1. Ina certain situation, an
identification nunber of this transmtter naybe used. [0165] |In the
navi gati on processor 430, .the outdoor positioning unit 432 is operable,

based on the data sent out fro h rmning unit 416, tp performa
pr oce¥BFHH1E orF O SKETPIS q%@ag%gﬁ by §F3‘§i§s mﬁ%’b%%fi%tfpbweidﬁ%m?& iPRn

provi ﬁ%g% apparatus 100. More specifically, the outdoor positioning 15
uni t s operable, based on data included in signals emtted from
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in cases where the posi i nformati on providi ng appar at us _

| ocat gthiyle #sdnll $APHatd 2EFuired FrS tflERGHH ARGk éx?a}i,% ’thél #80b ﬁ{oﬂﬂ@g&ﬁﬂhﬁ. er

200-1 s operable to emt{ a positioning sighal includin dat a r

i dent ThiYidRG id cHSinateOrhlNddPré-kétR-datd FRidhtifyiAd 8 pobilibn BP&ie ih@8or transmitter
information providing apparatus 100 can receivé the positioning signal

amd  exdo- fct IndadedainetubGld ah iddnifcgictnaimbep of thikeidnsiitick niR@Sidhised. of the
position information providing apparatus 100 based on the extracted

dat a.[0TB&] i ndoor positioning unit 434 perfornms this processing. Data
calcul ated by the - 42 outdoor positioning unit 432 or data read out
by the i hddernapization pricegotini@, tH84utdsorusmitichirig wrdi 433 BYoperabld) ®asbdsql thy
unit 440. More specifically, these data are incorporated in data for
di spl dafa spt autsitoredhe detegening vgerid b apepealiorm rggecdssing ifordiabatating agpostmawfed.
position or an image for indicating a read position (e.g., an
i nst athk grositinn linfanition pfovidieg apwodns 1 0GnsMiote egecfzolly,) the amttloos pokitionimgge
is displayed by the display unit 440. [0167] _ The position information
provi eihdd Zjspmenibls bagdl dwidath éiclededpnissgnglseengidindniiont dreoar there (prasoblor
perform ng data comruni cation with the outside, for exanple, a position
i nf or fvsit pomore) GPS satellites, to calculate respective propagation times of the signals, and, based
on the calculation result, to calculate a position of the position information providing apparatus
100. This processing is performed using a conventional satellite positioning technique. This
processing would be easily understood by those skilled in the art. Thus, its description will be
20  omifted.
[0166]

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

25 As described later, the indoor transmitter 200-1 is operable to emita positioning signal including
" data for identifying a position (position-ID data). Thus, the position information providing
apparatus 100 can receive the positioning signal and extract data included in the signal to
identify a position of the position information providing apparatus 100 based on the extracted:

data. The indoor positioning unit 434 performs this processing. Data calculated by the
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provi di ng server (not shown), under control of the control unit 414. 10
[0168] In the configuration illustrated in FIG 11, although not
particularly limted to the following, 1in a signal processing between
the reception of a position signal and the generation of display

oun- cBHUBPE BV GO B e K B ot Sy hioROGHcbrithing B 43¢ duapsg o

v %ﬁ%ﬁﬁﬁfﬂ; 08 WP Rafitragd BRI B8R R WO R 1 s &
uni t 4 S5TETes &5 SRR G honerite hEYRALe 16 RIS HARDport B b
proces %ﬂﬂdﬁgﬁ% Ay ke (€g, f $h&afish 1&&@1&%? fhe ihﬁ&cﬁ%}améﬂtteb 200-1), and

reference to , a co operation of the position information
proyi diygimag0 iSRRI tﬁ@@g@k&hnﬁq4gescribed. FIG 12 is a flowchart
o be

showi ng steps of ‘a ‘processin performed by the baseband processor
410 an([l()lt(h? navi gati on processor 430. [0170] 1In Step S610, the position
i nformation providing apparatus 100 acquires (tracks and captures) a

posi ti oni NeheSh@RRN infdpmBtiSPEOV digahpparattd 0P AFRRABSPIRE S®RImdhiation unit
accepts an input 25 of a received positioning signal (digital-converted

data) US0Mt héforEhe 04t @bh@iunickiiion withthe MASEE O cRIAFIESS PbsiftdM) information
generates, as replicas of pseudo random noi se codes, a plurality of code

pat t er psovidivig Bgvel (hbteshenh),aader ghaskes thetdmel unig 484 .possi bl e del ay, and
detects the presence of absence of correlation between the received
poddti ¢oias8y signal and each of the code patterns. For exanple, the
nunber of code patterns to be generated is two tinmes a bit count of the
bit -43 pdattheconfiguAsonibsaxtadm E1G.il, sldwegh nhepaticulady jimited & the fdlR8ng,
bits, 2046 code patterns having a sequential delay or code-phase

di f f er éneesignhl proRessingshataeenbibe geception ofl 2 pbisition signat end thei gaperation of display
correlating each of the code patterns with the received signal is

per f or aefdrmatipnt e adennal 432, dhe Rir Gortsefony, 404 thandounworvenigy 4Ag aad the A/D
intensity equal to or greater than a predefined value is detected 5 in
one of cpmeriehded pugt foanekby hadwees abdadrerestiag sorach 1 theyhascbund nraeese 0

pattern, and identif one of the satellites which emts the received

pod?t i @R e srgsation BEsERob 3P Haay bekaforngd gsaedmento amagiam sorH| i Bife
Pt 1 or FEOTR G20 sl IENE oI SR P AJTRESTBUD (ecueior A g hereTe i g
posi ti %f% g%y%ie%gg 1gu6}*gd % a? ge%g?he processing based on hardware, instead of software.
[0169] |
| With reference to FIG. 12, a control operation of the position information providing
20  apparatus 100 will be deseribed. FIG. 12 is a flowchart showing steps of a processing to be
performed by the baseband processor 410 and the navigation processor 430,
[0170]
In Step S610, the position information providing apparatus 100 acquires (tracks and
captures) a positioning signal. More specifically, the baseband processor 410 accepts an input
25  of a received positioning signal (digital-converted data) from the A/D converter. Then, the
baseband processor 410 generates, as replicas of pseudo random noise codes, a plurality of code
patterns having different code phases reflecting a possible delay, and detects the presence of
absence of cotrelation between the received positioning signal and each of the code patterns.

For example, the number of code patterns to be generated is two times a bit count of the bit
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spectrum encoded signal is identified. 10 [0171] As descried later, the
processing of correlating a received and acquired signal with each of a
plurality of replica code patterns generated inside the position

i nformation providing apparatus 100 nmay al so be achieved as a parall el

procesedng. ADdne2dxamble, il cisee WhSRI2ehip Me RASEIBIL, ROAT 5 attéHd hlaving a

identifies an em ssion source of the received positioning signal.
Speckdduertidl Yieldyhe dbde-phiendifforeted bf H26bitsdantyef dopsratd. €Mhes) O provedsfpeodOf
the received positioning signal, based on the PRN-1D associated with
one ofrrélng carhfithe esde pieals witls tizsiebginatisighdllis peffsendo MTanidocorrditim
code pattern used during nodul ation for generating the received

posi proopssivg, Hiagrakput bagng an Fitergity lkqualeoror gred@dthian afpiédefihdd vallié isi detdesed
determ ned that the 20 received positioning signal is emtted froman
ot doooneaoiihe colie pattants, ohe bazabamdeprbsessdri 4 t0echntloclStheprodS@atern) dnd tdentsfy
determ ned that the received positioning signal is emtted in an indoor
ar eapng bitthe sgeliitaswhicuemiiethesecsinetltpoditivoingtsegnak $3@®d oBtthe lowkebcodefpattermi s
determ ned that the received positioning signal includes a plurality of
posi Theniingnkyi ensapssudmianden Toissrmodethavinga it seipenceapicihie logkgd ichde paitinr
area, the control routine is shifted to Step S640. 25 [0173] In Step
$620 'hehé gseeda Tagdomposierrgde apedolos Joraning thepisesised Bositbming pgaal agtdespreade
positioning signal to acquire data included therein. Specifically, the
out deRsCTEBEnepdsd; signalsiiflenidisdof the navi gation processor 430

denodul at es the positioning signal using the code pattern tenporarily
WorB47ln the menory 420 (the code pattern | ocked in the aforenentioned
manner; " herein referred to as "] o code

ft - 44 Kk tt )

Requ r oAb SRR ot 0SB G i Feosivel SCOACRUEARIENG Vil bactiofa

i tioni i | . ,Th in St 5622, . the .outd itioni it 432
Sub) elPaiy b5 R codd it SRt R E POER SRR g il mdtebusge

. . ¢ i det i nation, i

conval FBRARS pR AP SR witer® ¥, siep se24, based on a result of
t he gﬂ(ﬁﬁ processi ng, the outdoor positioning unit 432 perforns a
processing for calculating a position of the position information

P4 ovi di g Sté}P@@ifttjﬂé baO%and gti'oc%&‘s?a Ollﬁ’idlaﬁiffe@Sa?lse%QBﬁ shlfee RIIShE 1 8%ived

i 'nf or mat' 1 on “provi’di ng apparatus 1
positioning signal. Specifically, the determining unit 416 identifies an 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 signal (e.g., using the memory 420 in FIG. 11). If it is determined that the
20  received positioning signal is emitted from an outdoor area, the control routine is shifted to Step
S620. If it is determined that the received positioning signal is emitted in an indoor area, the
control routine is shifted to Step 5630. Otherwise, if it is determined that the received
positioning signal includes a plurality of positioning Sigﬁals emitted from both the outdoor area
and the indoor area, the control routine is shifted to Step S640.
25  [0173]
In Step S620, the position information providing apparatus 100 demodulates the positioning
signal to acquire data included therein. Specifically, the outdoor positioning unit 432 of the
navigation processor 430 demodulates the positioning signat using the code pattern temporarily

stored in the memory 420 (the code pattern locked in the aforementioned manner; hereinafter
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receives positioning signals emtted from4 or nore satellites, a
di stance calculation is perfornmed 10 using satellite orbit information,
clock tinme information and others included in navigation nessages

! S  REEAL L DA T e 8 5o b SRS % so-rame
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t he bgsel?@pg processor 410 using the | ocked code pattern to acquire data
in a sub-fra;na constituting each of the positioning signals. In this

case, the popichi RIStbR&BIMHaEQNHPA PasuM io@%@&o@@@%&gs’ﬁ?& %&%&_@@dr%@ﬁiohﬁgaanit
so-called "hybrid node", because It receives both the positioning

si gnal fuem jef@rataeplocbRindNfbrt HEcuPAist 4 Pakitgn ool pdsitRm {nféafdR Qroviding
transmtter. Thus, a navigation nessage having clock tinme data is

acqui r ed app@mus N60.pOEdrtdx@mipltg i t4baa whbfeOit pBSitios aifhhitiod, pravidingadpparatus 100
havi ng position informati on such as the coordinate values is acquired

f rom t he redeb&s positibnigg siggalabmittedfrdrh g or metee kattltiessaiistadte cdilgtion is performed
specifically, in Step S642, the indoor 25 positioning unit 434 perforns

a pr deesssing satellitequrbiti indprivado- clodk dinmatiefoxation 568 otltehne incYadadoind naagaion
val ue 564 and the Z-coordi nate value 565 fromthe positioning signal

em tted fressaget demoduiided fromaeswctiteposRRDi signats dfdhe sat¢lbtesndoor
positioning unit 434 acquires a navigation nmnessage fromthe positioning
signal ef®ti¢d fromthe GPS satellite and performa navigation nessage
processing. Then, the control routine is shifted to Step 5624. In this
case, an 4% thepdpain eascdvheed, it BlepPodAethefpositien pefermatim prgvidingramperatus 100
be used in the posjtion determination is perfornmed based, for exanple,
on respeé&eqeires pogilisnngsiengt emifted; fra dhe satellig (onidaot Hienadliantbod posiionypg pignal

For exanmple, if the intensit f the jndoor signal is greater than that
of the otdbdie Indpef BpNSIyTiigr ol 20 n%e POSTOD, WEQraRtion pgoifiag apparatus 100

R N L W N
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signal | %hee%gs%{)aﬁcp pIQJCG%BIe %H%rugitpga%eal&ik\ég "ode pattern to acquire data in a sub-frame
constituting each of the positioning signals. In this case, the position information providing

20 apparatus 100 operates in a so-called "hybrid mode", because it receives both the positioning_
signal from the satellite and the positioning signal from the indoor transmitter. Thus, a

navigation message having clock time data is acquired from the positioning signal from the

satellite, and data having position information such as the coordinate values is acquired from the

positioning signal from the indoor transmitter. More specifically, in Step S642, the indoor

25  positioning unit 434 performs a processing of acquiﬁng the X-coordinate value 563, the
Y-coordinate value 564 and the Z-coordinate value 565 from the positioning signal emitted from

the indoor transmitter 200-1. Further, the indoor positioning unit 434 acquires a navigétion

message from the positioning signal emitted from the GPS satellite and perform a navigation

message processing. Then, the control routine is shifted to Step S624. In this case, an

- 45 -



| evel , the determining unit 414 determ nes whether the position

i nformation providing apparatus 10 100 is set in the Q phase

signal -receiving node, in Step S630. If the position information
providi ng apparat us 100 is not set in the Q phase signal-receiving node
(e.g., it is set inthe_ C/ A-receiving _node or the I-p

Si gnaperafé@bpfﬁ%ﬁﬁﬁ&@y of thePerélsgmndh HERHs &t Hﬁﬂlﬁ%lnmﬁh%\vpﬁﬂ% detgppinpten &
100 denpdul ates_ the positioning signal to u ata, i ncluded therein,
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t he p05|t| ni n sent out aseband Si ng
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bstitute f t | d th t

%Jgﬁafes“g%qo%’élanfofgwﬂ%galﬁ’ SPPRERS O‘Pﬂ'&’%ga?ﬁ? 3Rsi 07 o oy b er abl et hat

t he ge data shares a common format with the navigation nmessage. 20

[017%%?2‘ in Step S634, the indoor positioning unit 434 acquires

coor di ”%Btﬁeﬁéﬁée“?& c{lsreg% e m%’i a??gzﬁqg @{nlils!sioﬁ' sgu?c% th@%eé%ﬁfeﬁ ﬂo%{tlonmg

identifying an’ins l'at’1 dn e 1 ndoor transm

the & B%Qﬁﬂﬁl%ﬁru é’cﬁ:&g S Smlﬁﬁél "téh‘élt?’ of 8" 'dg;f‘Eanéﬂ%@ é@é mﬁ%‘éaﬁe]hﬁlana given

Z- coo0 |nate va In c

| nf OYaRf, 'tﬁb”détélﬁhﬁiﬂé MR 49k detiGminds %Hh@% t}ﬁrbolsﬁ’i%ﬁﬁhi%ﬂn&’dim?pr%fd'mgz% Ses S

of the installation location is included in the frame in plac€ o

c®Or gpmad SetVial mes% phh® sibetiredetfifs MdeOM iSEeprSEBY. I Q8- m&g@ﬁﬁ&v%hﬁauanhe
routine is shifted to Step S650. 0178] O herwise, in Step S630, if the

POSi hioRitiihg) kApdratus Q00 A Qut Citng (BO ORpiRtsY $ighdlrdcsiviRl mbie (O, itQsPRASE the
signal -recei ving node, the position information providing apparatus 100
denodyh at@sving nitflle dritke Phidel Hpnadgeivdingindde), ake podigord aifarnfdtioansovidiny
ID) included therein, in Step S632. Then, in Step 5638, the position
i nf oapgiraton 1 @ derciubgesaibp positiosing Gkl @reequirs dith éndhodpdi thedint inBemiSHR2r
IDto a server (not shown) via a network, and receives position

i nf oSpaﬁﬁmhlycﬂme nedeo pdsingning unihd34 demodulageds the positibning signdl fenbouttfiven the
server. c{0179] In Step S650, based on a result of the position

et ebaschan mnpesswélrﬁ)awwthﬁdﬂckpd@@é@ paftern S acqyancfonassage fato des shrdrass
di spl ayi ng the position informati on on the display unit 440.
Specieistififting the pesitiening atenaln phiscasisese 4o iy dpariagiuded ey podtiening signal

i ndi cating the acquired
emitted from the indoor transmitter, as substitute for the navigation messages included in the

positioning signals emitted from the satellites, Therefore, it is preferable that the message data
shares a common format with the navigation message.
20 [0177]
Then, in Step' S634, 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., the X-coordinate value 563, the Y-coordinate value 564 and the Z-coordinate value 563 in
the signal 560)). In cases where text information iﬁdicative of the installation location or a mail
25 address of the installation location is included in the frame in place of the coordinate values, the
text information is acquired. Subsequently, the routine is shifted to Step S650.
[0178]
Otherwise, in Step S630, if the position information providing apparatus 100 is set in the'

Q-phase signal-receiving mode, the position information providing apparatus 100 demodulates
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coordinate or data for indicating the installation |ocation of the
i ndoor transmtter 200-1, and 10 sends out the data to the display unit
440. Based on the data, the display unit 440 displays the position

o e or i BOP Lk PR 2RI 0, BRREE 4 51080 ey i
oS! L1 OSSR R k5] LSRG ST 160 B SH3AAREY Bty
on the T'b%&h%&v@ﬁqn'tbt sﬁﬂ)QvnﬁfviaI DEROR Lhe ?edg%%@ﬁbr?&f«ﬂh&\i’%g'c&%%BH&EQWﬁxe

100. When the position I'nfornation’providing® apparatus receives

posi ti og{; eaitﬁﬁﬁhitetegﬂ"ﬁ) hbtgyt he GPS satellites in an outdoor area,
p 0

the dis y unit 4 I splays an icon 710 indicating that position
i nf og rrai{(yp;@ is acquired based on the GPS positioning signals. Then, when
a user of the position information providing apparatus 100 noves to an

i ndoor ar egpn StQESENS bhde@dnl NMeRUIIBE HHRDodBioR MM HiHABoRRRS hatk HftiohGRoL_EARBD
unabl e to receive positioning signals emtted fromthe GPS satellites.

| nst ead perdféyénsP @s pfdceRing f& ARblagmoP Ry ipdkifign apRafative dDahé aliglvesng 440.
signal emtted, for exanple, fromthe indoor transmtter 200-1. This

si gnal  Spedificdlly, tth@nsnibitic@dpiotedsbe 4San@nemmeeinage tdidd f@f indaatihg ahé AGquired
signals to be emtted fromthe GPS satellites, as nentioned above.

Thus, t keorgmid orodata Mboindidatiog thy oxtatinthgn hepésmatl thelddog@etrdamiters200-1, and
processing for the signal in a 25 manner simlar to a processing to be
per 0r meehdatoahtheakia toche dgpkygmil 410f r Basddhm BPSamatlel disglasuniad40 displays the
received. After the position information providing apparatus 100

acqui r epopben mfermation 6 thegiosidion fimformattea o gdalg appiretudil 8P bay display a0

wi Il display an icon 720 indicating that the position information is
acqui retP¥8ed on a signal emitted froma transnitter installed in an

i ndoor area. -47 [0181] _As described above, in a location where it is.

i npossi bl e Wéhrigkamge tp o Mavedisplayignodes ok the pasitipn dpfamnasion ofi{ie| Raskign
or an underground shoppi ng area, the position informati on proyidjng
appar at gRomaionprevidingapaaragisy 08 vl e descriisdr ablG 189S peliagri® shawing ageiess

R EEE R ER T
Do o R AL R00 3 R25h 3  FSESA b L TR ST erd
o R G AL BB B R R R 1 posiion
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

20  providing apparatus 100 becomes unable to receive positioning signals emitted from the GPS
satellites. Instead, the position information providing apparatus 100 receives a signal emitted,

for example, from the indoor transmitter 200-1. This signal is being transmitted in the same

mode as that of positioning signals to be emitted from the GPS satellites, as mentioned above.

Thus, the position information providing apparatus 100 performs a processing for the signal in a

25  manner similar to a processing to be performed when positioning signals from the GPS satellites

are received. Afier the positiqn information pro{fiding apparatus 100 aéquires position
information from the signal, the display unit 440 will display an icon 720 indicating that the

position information is acquired based on a signal emitted from a fransmitter installed in an

indoor area.
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provi di ng apparatus 100 can know a current position. Thus, it becones
possible to provide 10 position information even in a |location where it
is inmpossible to directly receive satellite positioning signals. [0182]
This makes it possible to ensure stable signal receiving in an indoor
aredglgnd provide position information with stable accuracy of about
several neters even in an indoor area. 15 [0183] In addition, a clock

ti me onAs Hescgbedasbvecinaclochtiorewhéredt isrimpsssiile er restivh radio twawes, 3dcioss an
transmtter 200-1) and a clock tinme of a satellite may be i ndependent of
eachnaddearca off .achuildargeomat undeegroine dhdppidgeasy,nthh rporitipe dn o ti@aplovatifer .
Thus, it beconmes possible to suppress an increase in production cost of
an iappaetus t I@nawitha &rst dhobadireent tshepasalile tageeried rado symehramitze fodock
times 20 of a plurality of indoor transmtters, which facilitates

8y stieansmiicnpsintiad thepan §1g., onavidherindoontrérsmilgire 884-1y20M200F3)i ndhem the
instal|ation location of each of a plurality of indoor transmtters is
i nclpgeidian iinfoamatigmptoviding apparatis AP tieaperablm te Ashuied infpanativaddentifying a
transmitters, which elimnate a need for calcul ating positian i

i nf PoREeN Oh the Grnsaiderde L. <optdinaie valyas ar wil adiress) apd dsplapthe) ipforastion
Thus, jt becones possible to derive positioning signal based on a signal
em tndhe fispigy v 48 Bawdiondhs FhSPPé(ﬁ‘g Hfermstion, 4 pses 5f theppsitipg infogmation

[ | -receivi it be identjfi b i Vi .Sl | .
o ERRHIE GRPEAES G0 I8 RTERGRGHT or B RORER PO e OS5 ERe o
il hj. iti i nf ion - 4 i dj t
Iorparan JHARAHEY Sxf aned Mnedhon JvBre Tt of Bmeeilnf (iSRG deTa RaCTh
systerrigb %ugh gf% the GPS. [0186] In the position information providing
appé’f’%\ VIR ]@’n ardware achi eving the conventional 5 position

det ef()fgg;ati on systens can be used to receive a signal transmitted from
t he "I'ndoor transmtter 200-1, without a need for dedicated hardware, and

a Si gnay;PLRARSSE BOssRAL 1 ensidE Qia?Yeegi Molf%gﬁgglg&gr%{ i@gi f¥daNGng g)%x)‘i‘@é €.

Thus, there 1s noneed to start esi gn om zeto t use

;3‘53@%@2&‘ b haHondvitiPsthile abdubaly FIBAL sBRRAL mtBisTv BRI L o3& DI e to
15 [0183]

In addition, a clock time on the ground (clock time of a transmitter such as the indoor
transmitter 200-1) and a clock time of a satellite may be independent of each other, i.e., are not
required to be synchronized with each other. Thus, it becomes possible to suppress an increase
in pro'duction cost of an indoor transmitter. Further, there is no need to synchronize clock times

20 of a plurality of indoor transmitters, which facilitates system management.
[0184]

Information for directly identifying an installation location of each of a plurality of indoor
transmitters is included in a signal to be transmitted from each of the indoor transmitters, which
eliminate a néed for calculating position information from signals emitted from a pluraiity of

25  satellites. Thus, it becomes possible to derive positioning signal based on a signﬂ emitted from
one of the indoor transmitter.
[0185]

Further, a signal-receiving position can be identified by receiving a signal emitted from one

of the indoor transmitters, which makes it possible to more casily achieve a position information

- 48 -



an increase in cost of the position information providing apparatus 100,
which facilitates 10 popul ari zation of -the position information
providing apparatus 100. Further, it becomes possible to provide a

nar ensao R PR pr“'ﬂi%d&%@h& G T T s

[ 0187] § the nmenory 420 of the position informtion
provi di T g&fe{%’paulr%gt%%glel 15 hol ds t he predefined PRN-1Ds for the indoor
transm H@&P and/ or the satellites. The position information providing
apparatus 100 is operable, according to a program to performa

processi ngyf @fe ﬁ%&%h%ﬁhﬂ%é%i?ﬁio?%g%ﬂ%ﬁf&@ E)g(}ggigﬁl%é’ Gehii I\EI%E)@ &&I_Iﬁ/iggtﬁn%fn

t he satellltes or t on the PR

Pr ogr amdsRioACHEUREL RN HsRIRCESSHOGsaiNtd reHeha sAal BEnRAREP IR the indoor
processor. Alternatively, the position information providi ng appar at us

100 20 g@meer CIOONE 1, OWAtRELIDY eb@ o REdidated Hardwarg] BRERL sikedl rB@essm% can be
determ nation to a circuit elenent including a function to be achieved

by the jhtged@by chabkédor rhodiBasesoitvies.e THB, hesi it ho AetdfoGtdrddsith of hardware
providing apparatus 100 is enbodied as a mobi | e phone, the acquired

i nf or mefrdr@ e B tdrithiduedretutddioovhe ftst bmbodinmeny. 4PH0s nekiehit psssiblé tosppites
menmory. Then, when a call sent out fromthe nobile phone, the data held
in the aemmreasdd coyhyf the tpoaitiem inf@chation gproeiding eptaratban 100, svhachs éicilitates
position information about the caller, i.e., position information

acqui r egbplutavizatidre of rtﬂ@qrosnmnstfwmna@nnbyrovhhlg)(app&ramm 100f orkvathegnit becomes
providing apparatus 100 is transnmitted to a base station relaying the
cal | . Tpussibleste psowadé ppogtion adomtation powiiding apparttus eablerofipsgentieg aminchease
receiving date/time as a call log. Further, if a caller is a 49

emer gend\Firswih size encheprpRlexifeingircuit sonfiguratigyan) , positi on information of
the caller nay be directly notified. Thus, the notification of a caller
froma m%%7le can be achieved in the sane manner as that in

convention not i f tign of a rom.a fi.xed-phone duri
enmer gency EHRE 4BEC! 93118 © mgmpRy 3@ & dltl? §ositlon ZpormAtoR, DOy gmw &P
in seif'clo osi.tion-information Vi di sys
aciev ity sli‘-fe@$“§8 q’&ﬁ-ﬂﬁf b heciglags) s @Pﬂﬁg? ¢ gl STy paition
S|gna%to .be emtted agglatoansm'tt r rmur%% nasatell %f a
posi t 1 ol ABRAPR RIAVPHE e 10" e Lhmalle, EQARg € cPithidian & beHiim
for ”e"%r}éce%&%tf&“@etgx%%hﬂrg‘ WhetRer AN bR whi Q& Sfuftted from the satellites or the
indoor transmitter, based on the PRN-ID. This program is achieved by a processing unit, such
as the baseband processor. Alternatively, the position information providing apparatus 100
20  may be configured by changing a circuit element for the determination to a circuit element
including a function to be achieved by the program.
[0188]
In cases where the position information providing apparatus 100 is embodied as a mobile
phone, the acquired information may be held in a nonvolatile memory 420, such as a flash
25 memory. Then, when a call sent out from the mobile phone, the data held in the mMemory 420
may be transmitted to a recipient. In this case, position information about the caller, i.e.,
position information acquired from the indoor transmitter by the position information providing
apparatus 100 is transmitted to a base station relaying the call. The base station stores the

position information together with receiving date/time as a call log. Further, if a caller is a
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[0190] 10 In the position information providing system 10 according to
the first enbodinment, a spread spectrumsignal is used as a positioning
signal. In transm ssion of the spread spectrumsignal, an electric
power per frequency can be reduced. Thus, as conpared with a
convgidrg@nalcombet riugtber (B ADENRThpAl), Foatliod iMkYieat@Lbhe eaRirtmSai dfectly hi S
makes it possible to facilitate establishnent of a position information
pr ovtiodiified SYkisethe nbAfiEAIMIJL al callehfiporh ndnehilctona e kit erd i2@Re damemaedidriang
par anmeter can be changed after installation thereof Thus, for exanple,
posithatan cbi¥redtivizal hotificatien toff fi galhagy fisom & fisedphaid dmingeoat gawy camadtie
collectively rewitten after the installation is nmakes it possible to
si ndPi88) an installation process. Further, anong information to be
transmtted as nessages, "advertisenent data", "traffic information", 20
Sweat heln raghusl tvat itgnsSmuist to be idstaliest by 2 isnewfierdedatian,( e grositiearinfigoaken
information)" can be provided to a receiver while being rewitten in
r ealPreyife syRiga) isvashicyed by aisqjof astragmittes capetle ofF eauittingdi sigo similar fona t he
i ndoor transmitter 200-1, firmvare of the FPGA 245 for. performng a
si gridgnapiodeceasitted fioanha Fanypiftecmpynted GR arseisHite ﬂ{@ﬁﬂwnéewaﬁaﬂdmﬂh@, can
be used in CO;HlﬂJni (iat,i on scg(gtmas (nodul ation schenes) in various
posilt PesAmGE PessHle i Glgpinaly amerd for sewihostasing desigm el # Hawduitter Bem wero: er
200'85 band of a signal to be transmtted can be selectively I|imted
by & h‘?@. tal band-limting filter. Thus, it becones possible to suppress
interference w.th. .other systens to enhance.a frequen utj.lization
Do e Clagspottispintipihn HoGor stfaf dirr o Pags B G dpbidmeiih iR
i nfor ion. can_ b [OVI the. |-ph i I he ase
o1 gnaranig s s8R EE RO RpBRS AT, MErea RS o b Bl et e g
o sit C L . . ¢ ’ "=
@ pis oG REet BorPEhleh o BEYARED Bl P clmBiRT Bl BREn Al 16
A R S e G S R S I A i o
oN aRiab RGNk 8F 4 PositiQF R RRLoR pEdvRNSE RAIPN power can be set to a val ue
equal to or less” than a law or regulfations for regulating the use of
15adijgiogves, such as the Radio Law in Japan, so that specific
aut hori zation to the installation becones unnecessary.

In the indoor transmitter 200-1, a setting parameter can be changed after installation thereof.

Thus, for example, position-iD data for identifying an installation location can be collectively
rewritten after the installation is makes it possible to simplify an installation process. Further,
among information to be transmitted as messages, "advertisement data", "trafﬁc information",
20 "weather information" and/or "disaster information (e.g., earthquake information)" can be
provided to a receiver while being rewritten in real time. Thus, various services can be
achieved. = Additionally, in the indoor transmitter 200-1, firmware of the FPGA 245 for
performing a signal processing can be directly rewritten. Thus, the same hardware can be used
in communication schemes (modulation schemes) in va.rious position determination systems.
25 [0192]
fn the indoor transmitter 200-1, a band of a signal to be transmitted can be selectively
limited by a digital band-limiting filter. -Thus, it becomes possible to suppress interference with
other systems to enhance a frequency utilization rate.

[0193]
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[0194] 10 <Exanple of Modification> Wth reference to FIG 14, one

exanpl e of nodification of the first enbodinment will be described. FIG
14 is a bl ock diagram showi ng a configuration of a position information
provi di ng apparatus 1000 in the exanple of nodification. In the exanple

the cont | g 4t oS Paaties P Part ARt oS FE e PEien okl e s
| L0 B SB35 B YR O Bpming
o T 2075281 03B S ST G5B T
20002 uguBQPOR AR OTRLE TPV b A0 CRIE S08: By LR

10105 aplo@itaAGh S8naPhikdd. eTFuHIP £liRakhisrhl kv Re Heetar M1y RgudRAd- 18SS
filter 1020; a down-converter 1040 electrically connected to the

| ow noi g&pcatikioh A indi@¥ondodiibe; PASSitdidEHowE2an Bk 86 tbiaCalleYequal to or less
connected to the down-converter 1040; an A/D converter 1060 electrically

connect gdntadaihe rediditimp d&sSrebhlbig the QRO of tadRpvaldsehuhaisited REG6 1HO/& Japan,
conposed of a plurality of correlators and 25 electrically connected to
t he A/ Dsctaygicti€ic abfhobizatbont dxeiasallatidcehectinnetakidy. connected to the
parall el correlator 1070; and a nenory 1090 el ectrically connected to
the propE®4pr 1080. [0196] The parallel correlator 1070 includes n
correlators 1070-1 to 1070-n. The correlators are operable, based on a
cont® ol si gifxkmple@iModificationhe processor 1080, to perform a processing

of - 51 matching each of a plurality of received positioning signals
wi th respeVitheeforease tf FHG.pldrakei axgmpte olCwedifisatiore ph theghise embediment will be
denodul ate the positioning signal, in a sinultaneous parallel manner

[0197] $Spretibed. cdIGy 14t iea Plarkedisprany ggoving @ genfipiratianoofjaveosiipn information
instruction for generating a plurali tg/ 5 of code patterns reflecting a
possi bl Brayeding apeasafus LHQP iththe peemloot Bwdditatien s dndbe exralgi efgnodification, a
sequent i ]gx:rl y %%I ayed code phases) .to . the correlators of .the parallel,
cor r el aPBFality P coprglatory maynbe usqdy in place,afhe sgnigsation, pg the,eqrpelaipy gpit 412
corresponds, to the nenber. of satellites x 2 x 18 | ength of a pseud
¢ ankiom RBE6dBdES SRREER inPEn BT R SRS 0 BHE HSt . LEtIeBRIE for
given matching replicas with positioning signals is performed in a simultaneous parallel manner, so
that a calculation time for position information can be reduced.
[0195]
The position information providing apparatus 1000 in the example of modification
20 comprises: an antenna 1010; a band-pass filter 1020 electrically connected to the antenna 1010; a
low-noise amplifier 1030 electrically connected to the band-pass filter 1020; a down-converter
1040 electrically connected to the low-noise amplifier 1030; a band-pass filter 1050 electrically
connected to the down-converter 1040; an A/D converter 1060 ¢lectrically connected to the
band-pass filter 1050; a parallel correlator 1070 composed of a plurality of correlators and
25  electrically connected to the A/D converter 1060; a processor 1080 electrically connected to the
parallel correlator 1070; and a memory 1090 electrically connected to the processor 1080.
[0196]

The parallel correlator 1070 inciudes 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
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to each of the correlators of the parallel correlator 1070, the parall el
correlator 1070 generates a 10 plurality of code patterns different in
code phase using pseudo random noi se code patterns set in the
satellites. Consequently, in the entire generated code patterns, there

I s onRfitchtLedRB bl @plurhBEfiréRivel PositiBaRE dnaRRAG RSO 6RO MAtILRNIR, sised
for nodul ati on of a received positioning signal. Therefore, the pseudo
r and@dﬂﬂiﬁitt&ﬁls(‘g@d@'aﬂdfté gemoddite e podiioatigang@alsh ¥ sirtl@tintbusqshrdlle] maagerof
the parallel correlator 1070 made up of a plurality of correlators
requi0i@d}for performing a 15 nmatching processing using the code
patterns. This operation can also be applied to an operation to be

per f or n&3peuitieally, e posessonIDN80nE operabledo gpreaw idstng:tiap far gdnestihf@ pleaabiwes
a signal from the indoor transmtter. In this case, even if a user of
the pbsodd patterms wiledlinga ppssohle dicly ocappanganus pEudo ramlom naise icndio dravargea,
positi-on informati on thereof can be instantaneously acquired.  [0198] 20
| n osé¢pentidlyddelayee cpde phhssk) dorthelcarelatord 7d hanpgselidl oearreldter A87¢hi Rer
processing for all of the pseudo random noi se code patterns set in the
sat eExampls, iadle exigings@RRichis andiowtion rerecspenls to pha memher afsatellijes ha 4 Hefdor
transmtters, in a simultaneous parallel manner, at its best. Further,
even (ength 9§ apsqpdey @ndors neise cRR gatrp sebe i) sARsrdipste dhavpgtreiongiyerno

t he pseudo random noi se code patterns s in the satellites and the

i ndofh eacga)ﬁéhq STEAEors P! s Bnael poraltcs 1020y BF 26y AstirFlaer RO ReaRaiese
(gnbe @f carr Iators(ﬁ d the anb@gss of pseudo random noi se code .

B t t BYYRRIEY Q569 fops QRGN &PAT PRASC INESIPREPGO ARG PPEASHTE RRICES SEH I ne
requi,red f reguirin osi ti on ..i nformation can be siqgni.ficantl

r edullielbtes chopssaiely, it dheasuive ensifd) CqlieoRRted Sy IS i g fradd patter
pluralif. f correlatqrs. [0l - 02 | hi s iex I t he ellites
P Bl b ariv G BRbR a0t i el g bSa FRATE o F s licraonin
spect.s S i 4.8. i i t.

¢ anatiii; dEHre 08 ppelodaRiRR RRETREL blord bal RSB m R b AT 10 B By,
as t AS S| telld j,a(ﬁq: ! Stk hing s -
Thusp%s(ﬁfeth%g?lg}lﬁzﬁ%h%%ﬁehbg?%g 312 Ogea ﬂl%lggt for og%{%ﬁorgf%iﬂgﬁcé?&r?ﬂr% om ea hasof
P5 t N8 bt &Sing MWeind tBd M IpaltéAM OTEs Bperbtién bAAAQY bd 4FMNisdd hbSerhtion
perform a Tecei ving processing 1in a sinmultaneous parallel manner

Wi t heylbe paifbrntdd| @herﬂih%’fﬂo@i‘t?ibhQﬂfohﬁﬁﬂ&ﬁﬂoﬂrﬂ%ihﬁﬂ?&t&s 1002L6ives Alstdhargbmnot
particularly limted to the following, in the position infornmation
provid figloor transmitter. In this case, even if a user of the position information providing

apparatus 100 is in an indoor area, position information thereof can be instantaneously acquired.
[0198]

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

25  between thé number of correlators and the numbers of pseudo random noise code patterns
assigned to the satellites and the indoor transmitters, a time required for requiring poéition
information can be significantly reduced based on the simultaneous parallel processing using the
plurality of correlators,

[0199]
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apparatus 1000, the antenna 1010, the band-pass filter 1020, the

| ow- noi se anplifier (LNA) 10 1030, the down-converter 1040, the
band-pass filter 1050, the A/D converter 1060, and the parallel
correlator 1070 for .a signal. processi bet ween the reception of .a
position s ilrgﬁaﬁ CHTPIG R 9@5@#@? 454 G IRAOCF HRBFRAEETSGR® LeH t’cﬂgsstﬁ“&[?éﬂ agpregd
display unjt (which is not illustrated.in EIG 14). ma e forned b

i e SO SR bEs My SR IRaHOH stistin ) PanPfS Gla e code

0 eyl A s R T BEARILA D ot 555 SR
EMBOD! N{?%rqu%r %I%Ss%ﬁ‘n‘?telesf‘bﬂﬂhﬁﬂé b1 G BLES AL Bé DY&RNGE p&h‘% Ji%na'?gcom each of
descri bé ]t])e OW. posi t1ron | n?or at 1 on provi ding system accoral ng atO

the second,@REOIIR iohs flih LHE 8P the hAPr PRshitedd 10 FtEHPLRER e ArBeds SRk
ﬁlré 0 %B F y adj eq

a plurality transnttters are nounted In relativ acent | ation

to eachi, ai)éiif?ﬁttanefoﬁgﬁgrhnelEﬁagiineﬂ-v‘éith&t affcBOF amitﬁﬁﬂ)‘fﬂﬂ’éawé’egqgﬁggxéa‘ﬁ.at e of a

position Infornmatioh providi ng apparatus In e secon I ment .
Referripngobp FIG 15, three indoor transmitters 1110, 1120, 1130 are 25
mounted to a ceiling of the sane floor of a building. Each of the indoor

transm tt ergthodglrdaPpadculby PRkifear i thb FoBARgP P ERSSIsRbnamfdrtAtion Prévi@ng
af orenenti oned 1rndoor transmtter 200-1. Specifically, each of the

i ndoor ggpanstd 10®), Shé SnRped ADI® the WAlbad ARG 1O2NIithY 1EF-@oRE anfitifiet (DY A)
data indicative of an installation |ocation thereof [0203] 53 1In this
casH) degEndhadown-convdticr N@4potict bandspaed filtee 105@jane A/Dabsivetteel 860, tdndr the
is aregion (i.e., space) where it is possible to receive two

posi t i oparaldel cbgrlates 1670 firedsigmabproaeismpdrtwemeahe ofceptidneofi angbsdion signal and the
transmtters. For exanple, in a region 1140, respective signals emtted
f r om t hgeneratido@f infoemstinnt todresdidpldyed ohl2Gisplay upg (whidki v et ilSstratedid F1G.i14)
a region 1150, resgecti ve signals 5 emtted fromthe indoor

t ransm magbs oimel by haolwaen dvd a prosessong. fof PRetipn detsembhter (the eonexaprotess
when the position information providing apparatus 1160 in the second
enbodi nilystrated jrollst- dd) mayévemﬁgmeﬁrby thee peeqeatoe d 08 haqopding B a priegragbaipraddn

I nf PSr na%llie?rrl]eniory 1090.
[0201]
<SECOND EMBODIMENT>
A second embodiment of the present invention will be described below. A position
information providing system according to the second embodiment is different from the first
20 embodiment in that a plurality of transmitters are mounted in relatively adjacent relation to each
other.
[0202]
FIG. 15 is a diagram showing a usag;e state of a position information providing apparatus in
the second embodiment. Referring to FIG. 15, three indoor transmitters 1110, 1120, 1130 are
25  mounted to a ceiling of the same floor of a building. Each of the indoor transmitters is adapted
to perform the same processing as that in the aforementioned indoor transmitter 200-1.
Specifically, each of the indoor transmitters is operable to emit a positioning signal including

data indicative of an installation location thereof.

[0203]
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provi di ng apparatus 1160 can receive the signal emtted fromthe indoor
transmtter 1110 to 10 acquire data included in the signal to indicate a
nounting position of the indoor transmtter 1110, as a position
information of the position information providing apparatus 1160. Then,
if a usep thi9fade)BeR@din ENmMbOAMBSsitRIhs RIFANG HHABEr BRRATIAENShEASR MMRYRA L O
a position corresponding to the region 1140, the position informafion
prov{id, ngac) Rkt s Jok6B]cCRtetelivepdshfontgiiiglal Séhitfed dront BN enéssOOr
transmtter 1120 in addition to the signal fromthe indoor transmtter
1110thel indd&r frdtisti@s.e, Fovhenaniple,iis «edogomri M redpectiveofighyl® epogéd Fonr tHo
data included in the signals should be selected as a position of the
posi trndoor irafserinet il ©H0,Arla0icah bg rapped.at SieniliB0in 4 heidet BiOriaspedtioe sigmal be
made based on an intensity of the received signal. Specifically, if the
s§ gnemgtedrfran &e indowwmnahsmitiers @01 160 chhéererdoed. transnmitters are
recei ved, data having a | argest one of respective intensity values of
t he [0204] ved signals may be used for display of position information. If
the 20 received signals have the sane intensity, a position of an
ari t hmetlberederm &fr exampld, nehandde pasitioneinforawtivy auogiliggadpparatys b0der theed
to determ ne a position of the position information providing apparatus
1160secpud Esibodisgend g Jecatadnat pepogibiont illysrated & AhEi dh. Breonesition infpreationys
1160 in the second enbodinment, 25 even if a plurality of positioning
si gnBIo¥iding apRasaiy d 469 saypeqergolbe signeh emifteds fpaisihs indeny Eanspattes bl 18710t he
ecei ved signals . can be . identjfied, so that a nounting position of e
b saatie dafiraguded 1g the signal fo et BMORHARERIRLED ﬂi‘%’g‘dgﬂf&@é‘ﬁm&#‘éé,ﬁ@an

2 S SIS O i R B0, R TS
T T

satel|ite or, exanpl e, ~suc I i L nGl er gr.oun
Shopsy LSRRI oS ot AL Pyl 10 e Rel RS i
seco i i i t i ndoor
5O RS5IoBE Bhnsehfl £0200% gl B0 S 1A BSfad BGoRler . OO,
{91 RCERASHRG R dAELARSd Whkh offfo p%&iﬂ@é'IDtdatabiﬁclhﬂé’c{‘ﬁthts%mfs?sﬁ%lﬁ%h

of the indoor transmtters, and facilitate setting a transm ssion power
to as%I@dte@aaseg WakitibR offthd BSStidM BforfndtRW R6vidRGUpRhiaORSI 1160 tHeeibratihdidnt he
use of radi o waves,

may be made based on an intensity of the received signal. Specifically, if the signals emitted

from two or more of the indoor transmitters are received, data having a largest one of respective
intensity values of the received signals may be used fbr display of position information. If the
20 received signals have the same intensity, a position of an arithmetic sum of data included in the
received signals may be derived to determine a position of the position information providing
apparatus 1160.
[0205]
As above, in the position information providing apparatus 1160 in the second embodiment,
25  even if a plurality of positioning signals are received in an indoor area, an emission source of one
of the recéived_signals can be identified, so that a mounting position-of the emission source, i.e.,
- a transmitfer installed in the indoor area, can be determined.
 [0206]
As used in this specification, the term "indoor” or "indoor area" is not limited to an inside
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such as the Radio Law in Japan, so that specific authorization to the
installation becomes 10 unnecessary. [0208] <TH RD EMBODI MENT> A third
enbodi ment of the present invention will be described below. A position
i nformation providing apparatus in a position information providing
system accordi ng.to the 15 third enbodinent .is designed to transm.t

Gt 1 OReA e RyRse dferFsriute sRatrey B T fos cRRIaRon et B igouor
"transm tter, |D') to an.apparatu r praviding. information related t
he | naBEpSble sk e aftid FRZtiRet PebLihe i ok e aSeh S fbealien
i ncl ud%ﬂclhg?starﬁ 'dQ%g rndtsilgﬁpflgé Eulegra%d ar\{%%fd%la?ea%f%rrgﬁ\%?f véﬁiclg.cq.u' ring

posi tion I nfornmatl I'S "peft of hed baSed on conmuni cati ons using a
nobileiﬁﬁgﬂe. Thus, the position information providing apparatus
according to the first 20 or second enbodi mrent nay be achi eved by use of

4 bill . \ e . .
the smobi e%rPﬂB@ @@co&lgie e%d"n@n&% s?i@’cg‘e%' rggltfah 10 bé %Je?%is%b%%of?ﬁ%ﬁﬁb%smﬂtem

position of the np p]hone can erm ned transmitter

I D. Genghald ¥mitd)i | Bhig n%éﬁ gLﬁﬁsiefe @ dRkihh@ aOHQéaefoir %&%ﬁ{gg@%ﬁﬁgﬂ the

area of a base station as received a signal emtt rom-t

nobi | e RENE bd HEUBECIDACEE Of MG iR ol BansrhiltfsdaRIMRACTHH B BdttiS@ R transmission
determiné the position of the nobile phone itself. For exanple, even in

a 25 | osber i@ divaie Wq8il8o P R thah aAakve rBslTReIns Tor R@si8tisd el RBSS rddio waves,
beconmes possible to accurately determne a position of a nobile phone
usi ng tduehtdsathe MidieLakbDin [8289)ko tha §geeifichinitBoréakioni toeft ,indallation becomes
configuration or process for performng position determ nation based on
posi®t i ominegessargnal s from satellites is the same as that in the first and
second - 55 enbodinents. Thus, an operation to be perfornmed when a
transm[@20®n I D froman indoor transmtter will be primarily descri bed
below [0210] FIG 16 is a diagram show ng a usage state of the
posi tion i ATBHRBIEMBOMMENT g apparatus 5 in the third enbodi nent. The
position information providing apparatus is enbodied as a nobile phone
1200. The #Aolthire epthodenenp ol the preagnt edivemtione welhpleoidescoibed dsbaw.i ng gosition
positioning signal emtted froman indoor transmtter 1210. The i ndoor
t r ansmi infaspation grovidiag pperael ing pestion fferpdion propiding systiat acepading to the
informatiqn praqviding server 1230 capabl e, of providing information |

15  third embodiment 1S designed to transmit data for identifying an indoor transmitter (hereinafter

referred to as "transmitter ID") to an apparatus for providing information related to the indoor
transmitter, instead of determining a position based on data included in the indoor transmitter,
wherein a process of acquiring position irnformation is performed based on communications
using a mobile phone. Thus, the position information providing apparatus according to the first
20 or second embodiment may be achieved by use of the mobile phone in the third embodiment.
In the third embodiment, a position of the mobile phone can be determined based on the
transmitter ID.  Generally, while a position of a mobile phone is determined as an area of a base
station which has received a signal emitted from the mobile phone, the system according to the
third embodiment can determine the position of the mobile phone-itself. For example, evenin a
25  local region where there is a few number of base stations, it becomes possible to accurately
determine a position of a mobile phone using the transmitter ID.
[0209]
In the third embodiment, a configuration or process for performing position determination

based on positioning signals from satellites is the same as that in the first and second
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about the indoor transmtter 1210 is connected to the Internet 1220. The
follow ng description 10 wll be made on an assunption that a plurality
of transmtter IDs and position information associated with respective
ones of the transmitter IDs are registered on the information providing

ser veinbbadfentd, 02kk, aluragaaﬁ&s:% BN Rr5b@WeHen &Mtrbb@6si6:0 MOt Hm! A6 aRIor

transmtter 1210, the mpbile phone 1200 is 15 acquires a transmtter ID

for itgaRhitley Wil bé pEmbABOREciiedemv.t er 1210. For exanple, the
transmtter IDis associated with the aforenmenti oned PRN-1D. The npbil e

phongod@A0 transnmits the transmitter ID (or together with the PRN-1D)
to the information providing server 1230. Moire specifically, the nobile
phone 120(%. 464ds b giappamivhowiak iaaRayé sthieafllaspositicnt infomhAdd) provadidg sgpssuout
packet data including the acquired transmitter IDto the information
psoviinlithg thi2d cadhodanerit?230he [po&ilidh inAfrmetion ecoddingi appatadnes isee@byddd as a
transmtter ID, the information providing server 1230 refers to

dat ablaxﬂje?lezxdnsm: i 2102 d Thiethottilegohona h2(4 itstaéuptectlodmbapddd of tageivpresa pcbsdiﬁpﬂiﬂig
data associated with the transmtter ID. The information providing

ser veignabagitted fregran mdodrargpemittar da10.D Bt indewr tranemit®r hAE@issoan¢atel 01D,
and then the base station 1240 transmts the position-1D data. After

det edufermgt 124 oRungen fandxferpian providing seawea 123 eansbls qfeprp‘ﬁdwe ln@ma%@h
acquire a position of the indoor transmtter 1210 based on

posi tai)@ﬁ-ﬂmlf@éi%tfmb?@@ti?rdi?ﬂ@ i cQpSgfeA §o &ﬁekléﬁm%ri 289 alhe ﬁ}ﬂoafrmg ﬂ@%cnm l e
phone 1200. [0213] - 5 6 h reference . to FI.G a,configuration of
tRe ﬁ‘eH.beem&H%r?@ %zeﬁﬁumnﬂpnﬁ atg iyrabiyqof trmse‘elttarﬂ% apd OFERN JRiggMatien

showi n re confi i on of. t portabl e e .1200. .The b| |l e
o hones St et Fsfer S onrh o thaBansPiinratie ik Srd GReaioTsason fro

1310, an 1 %eratl on button 1320, a camera 1340, a flash menory 1344, a
RAM FSAE" data ROM 1348, a 5 nenory card drive 1380, a voi ce-signal

pr oce@%ggg circuit 1370, a m crophone 1372, a speaker 1374, a display
uni t an LED (Light-Emtting device), a data conmuni cation IF 1378

and & VORSRREGE igel orf UREEL AL RTS8, e hBbBEHR 6 1

15  acquires a transmitter ID for identifying the indoor transmitter 1210. For example, the
transmitter 1D is associated with the aforementioned PRN-ID. The mobile phone 1200
transmits the transmitter ID (or together with the PRN-ID} to the information providing server
1230. More specifically, the mobile phone 1200 starts communication with a base station 1240,
and sends out packet data including the acquired tranémitter ID to the information providing

20 server 1230.

[0212]

After recognizing the received transmitter 1D, the information providing server 1230 refers
to database associated with the transmitter ID and reads out position-ID data associated with the
transmitter ID. The information providing server 1230 transmits the position-ID data to the

25  base station 1240, and then the base station 1240 transmits the position-ID data. After de'-[ecting
incoming of the position-ID data, the mobile phone 1200 can acquire a position of the indoor
transmitter 1210 based on the position-ID data, according a viewing operation by a user of the
mobile phone 1200.

[0213]
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A signal received by the antenna 1308 is transferred to the CPU 1310 by
the communi cation 10 device 1302. The CPU 1310 is operable to transfer
the signal to the voice-signal processing circuit 1370. Then, the
voi ce-signal processing circuit 1370 is oEerabIe to subject the sjgnal

to a preddfthrgtrraicgraiiipr dded srrbouraven phéiy wehts rbore pPHcwdken defcibar.
orobesd36 B GrafSot yalien o ias Sbah o R AR s 3200 The
oD b R AR DR B R b SR b8 E0T R 0P
d STl i Hg-LE TS e : _tre !
8;2?22%@%%%@@@%@#23 %@a%rgﬁ,ﬁﬁ%a"ﬁ%sﬂrﬁ%‘rﬁwpfs‘ér SARAM 4" iaé#eia RBR 15%5, 2
i I ..Si . 1 .
Dok SRl | 305, S5 B PR oL ol B o e
trans ml%ﬁh,%‘dﬁgéﬁum?'ﬂ%oggﬁ%&i —eﬂrﬁﬁtixéé ?é(};?}é@aséhﬁg e gmfcgﬁ&i‘% 1378 and a

conmuni cat’ on | Cce comruni € ‘evi ce 13 operable to

L ans kil 1 509 rt 06 SoichilPodibanat dfiaind Lhen the base station

1240 is operable to receive t'he signha The flash nenory 1344
stores rhhefein data sent fromthe CPU 1310. Reversely, the CPU 25 1310
is operable to read out data stored in the flash nenory 1344, and

perform a RIRAGS l-B&6ed 1 BE aaRhMO1 3R {9 GahdteréPlodhe LPZLAN 0 bTE EMIRE&idnS
adapted to tenporarily 'store therein data generated by thé CPU 1310

baged @avie MOl TIRPEPEL i NIV RYpbRLIEH RaRFRIhe Tsigﬂapﬂ@ematvb@@-sp%ﬁat Brbcésaaid:
The data ROM - 57 1348 pre-stores therein data or a programftor

al | ow ngrctiipe3TRbiTHRnpiheReideiGal pokedsthg @icelaBe0 i¥ freabdp ey aibjeenthe BigalldU
1310 is operable to read the data or the programto allow the nobile
phone taoprpéefined Fignheplocediioetnd thed sepdy tht ippices{cdXidhal tdththpeadkerds y4.c dlte
drive 1380 is adapted to accept a |oading of a nenory card 1382. The
menor y speaker tiidie ofi38kle) msapen tielpeodessedsamhal th outpttavesteor ed i n t he | oaded
menory card 1382, and send out the readout data to the CPU 1310. The
menory [82F5 drive 1380 is also operable to reversely wite data in a

data storage area ensured in the nenory card 1382.
15 he microphone 1372 is operable to accept voice generated toward the mobile phone 1200,

and output a signal corresponding to the generated voice to the voice-signal processing circuit
1370. The voice-signal processing circuit 1370 is operable, based on the signal, to perform a
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 transmission data, and send out the
20  transmission data to the communication device 1302. The communication device 1302 is
operable to transmit the signal through the antenna 1308, and then the base station 124(Q is
operable to receive the signal.
[0216]
The flash memory 1344 stores therein data sent from the CPU 1310. Reversely, the CPU
25 1310 is operable to read out data stored in the flash memory 1344, and perform a predefined
processing using the data.
[0217]
The RAM 1346 is adapted to tempbrarily store therein data generated by the CPU 1310

based on a manual operation performed against the operation button 1320. The data ROM
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[0219] 10 The voice-signal processing circuit 1370 i s operable to
performa processing for a signal to be used for the call ‘or the I|ike.
The CPU 1310 and the voice-signal processing circuit 1370 my be
integrated together. [0220] The display unit 1350 is adapted, based on

dat a j94g Pyt s{di’ékmtﬁéi‘&nqﬂth 110, &graﬁi b1 %Mo@'ﬂlr%eﬁﬁe n(Ghge piRfenNRA pRMoldi e

data. For exanple, In cases the flash nory 1344 stores there| n

dat a g('&ieﬂermlﬂéﬁlf)pefa@ibn actes @anmelslo%mbr@tbl 125 BleQWit£bNthe %r@fn b2 Rdw
the display unit 1350 displays the [0221] The LED i s adapted

to a@lﬁﬁﬁﬁ&lﬁpmfn@ﬂ@i)@ﬂfdﬂrﬂ@@ phddeftmBiet bbbdo@Ct i on based on a signal 20
fromthe 1310. For exanple, the LED 1376 maybe configured to be

capabbrisof indicating a plurality of colors. In this case, the LED 1376
is operable, based on data included in a signal output fromthe CPU
1810, t olleniembiodird dritvé 138€ Bl atapies seat@ped lodidy éfhemdabey c{r@2382. The
data communication IF 1378 is adapted to accept an attachnment of a cable
for a@ndory 2ardotriveuiiliBe &t opmnabld tvereddibat dadnstoret datiedoadell MiSH@ yicardo 382 bhde
to send out a signal fromthe CPU 1310, to the cable attached thereto.
The datdodaheuerdont dam té FelGRE 1i3d0al $he oparapicerd: drives B ioullsodepicaable to
received through the cable, to the CPU 1310. [0223] The vibrator 1384

i s adeysrsty wotegbweima data sthrage area casured iy thd otesrarny nard 1882quency based on a
- 58 signal output fromthe CPU 1310. A fundanental operation of the
mobi [¢21%hone woul d be easily understood by those skilled in the art.
Thus, its detailed description wll be omtted. [0224] The nobil e phone
1000 f urtheeyoigssignal peacessipn Srquiohi7Rgs spgable-tp P ﬂ@r%ﬂ%%@r:@s%l Y a
5 positioning signal-receiving front-end unit 1314. [0225] he

posi PPatirhorsthgsall-or dbeihen gl CBRN LY 0aan! g rigigecugnal meocshving ﬁw;bwq he

RF front, .circuit 404, the down-converter 406 and the A/ D converter 408,

whi caYRrdnisgetedfegdhsthed as
[0220]

The display unit 1350 is adapted, based on data output from the CPU 1310, to display an
15  image defined by the data. For example, in cases where the flash memory 1344 stores therein
data (e.g., URL) for accessing the information providing server 1230, the display unit 1350
displays the URL. |
[0221]
The LED 1376 is adapted to achieve a predetermined light-emitting action based on a signal
20  from the CPU 1310. For example, 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 signal
output from the CPU 1310, to emit light with a color associated with the data.
[0222]
The data communication IF 1378 is adapted to accept an attachment of a 'cable for data
25  communication. The dat.a communication IF 1378 is operable to send out a signal from the
CPU 1310, to the cable attached thereto. The data communication IF 1378 is also operable to
send out data received through the cable, to the CPU 1310.
[0223]
The vibrator 1384 is adapted to generate vibration at a predetermined frequency based on a
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conponents to be achieved by hardware in the position information
provi di ng apparatus 100 10 illustrated in FIG 11. 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

sof t warg ialggutgnﬁ BRSS! GPUT 1¥107 MAL ARRERYT GHIsi APRARRL ﬁ&%bﬁ@gho&awoﬁg be

per f or ne position-determ nation processing circuit 1312 on t

CPU 1314 ek HyQhdseRkARH M 0Rde 1k A debiBlell asRipABADAL be dddtftqont 0
the RAM 1346. In thi's configuration, the correlator unit 412 may al so be

confi ggog;h]w to achieve the processing therein, based on hardware,
i nstead of software. Further, the sanme hardware and software

conf i gur at TR®oBise pHIRS Q200 filr{her B@fEpridedd posifiohiAR kigadl-REEVindia@naP PRIGHnds
1000 illustrated in FIG 14 may al so be enpl oyed. [0226] Wth reference
t o Bl Gpodiionmgsheel-feceivigifongéndtmion3pf. the information providing server
1230 20 wll be described. FIG 18 is a bl ock di agram showi ng a
har dwar[@2znf i gurati on of the information providing server 1230. For
exanple, the information providing server 1230 nay be achieved by a
convent i onfhe postputieg seyskeorivin@22iT¢nna A3 16egomnprisas dwanmenitah402, nho Rfatioonh
providing server 1230 conprises: a CPU 1410; an input 25 device
i ncl udicinguih 40butbe dowRccoametten 406yand dhel ATRIOnFerter 408 ephichdraaa beerpdescribed as
instructed by a user of the information providing server 1230; a RAM
1440 f spmpenps & beyackicwed hy harkrase in deet posilgem evfemeatiopayevidng appprabir Hif
executed by the CPU 1410 or data input through the nmouse 1420 or the
keyBoaritustiptg: ingFlarld. dFarherate pseesssing in wagheinthg basghgad percarrer 410 gad she
in a nonvolatile manner; a CD ROM (Coppact D sk-Read O1I131/_ Menpory) drive
1460; dakisatiebProgsesser 430hwhigh has een dessibadnt aprasassine tedrachickesly feiinia e
conponents are cqnnected to each other by a_ dat bus. A CD- 1462 i s
at t achdfe Pesitigfet arqv\vf@namzﬂratp@é%@]canhe dowef %aiPHSI¥11§‘%q‘¥IEt8‘H%‘Hﬁ%9n
system achi eving t i,nf o i ovi di.ng, server 1230Q | 5 achi,eved b
The. hartier et Pt Pz e o b aadfg o badel omdnd SRHERod
may be .pr,e-stored i rd. di sk 1450. ternative] y,, the software na
e o tya? ahlChE R 138 o " st gt e doSF RO 2 Ao R b R PR
medizum . Lally- i | abl r par Cle. nat |
cofitwar's 2oy O HEEP U B g, BN O REGRH. BLRAYTIrsoRf " Hudieh he Ll
| hardware and software configurations as those in the position information providing apparatus

1000 illustrated in FIG. 14 may also be employed.
[0226]
With reference to FIG. 18, a specific configuration of the information providing server 1230
20  will be described. FIG. 18 is a block diagram showing a hardware configuration of the
information providing server 1230. For example, the information providing server 1230 may
be achieved by a conventional computer system.
[0227]
As major hardware, the information providing server 1230 comprises: a CPU 1410; an input
25  device including a mouse 1420 and a keyboard 1430 for accepting an input instructed by a user
of the information providing server 1230; a RAM 1440 for temporarily storing therein data
generated based on a program executed by the CPU 1410 or data input 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
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program product by an information provider connected to the Internet.
The software is read out 10 fromthe data recordi ng nmedi um by the CD-ROM
drive or other data readi ng device, or downl oaded via the comunication
| F 1470, and tenporarily stored in the hard disk 1450. Then, the

sof t WafgndrScati®Adr ot of I oMb NRrdVed e dinpkndiftd BrebdonhB@e i eddil Gthe@hel asd:4 ed
in the RAM 1440 in the formof an executable program The CUP 1410 is

oper gake ATTREMMLRGD heaRicRETr @the CDORGRL dAte T48®. har dware of the conputer
system achi eving the information providing server 1230, illustrated in

FI G [@88]is a commonly-used type. Thus, it can be said that a
substantial part of the information providing server 1230 in the third
enbodi meAtprocessiag inaticecahpuiadsystent Behi&RAM; tHedthBorniaiien pasddiigSderve4d 9Q30 tihe
CD- ROM 1460 or other data recording nedium or software downl oadabl e
vba achetaiobk theAmrdpatr at isoftwafk tblbe dracdwdbe tlaf CPUel 4d0nplhekofivednaondy bs
well 20 known. Thus, its detailed description will be omtted. [0230]
The meestodidng thetandndisks 1406t  |Altaragicelyo therse fi@BrOiy bée2typadvhidieishséored di sk
1450, but may be a medium capable of fixedly carrying a program such
as a thm@leRQMt b, on oflas sdata ectoagieg mediumpes eakominskeigllysivailalinepriogram
Optical Disk/MD (Mni Disk)/DVD (Digital Versatile Disk)), an IC 25

(1 nt @gedeced Adteroatively, che doftivard owynee & Wpeovhick ds drovided epta dawnloadable or
a sem conductor menory including a mask ROM an EEPROM and a flash ROM
[ 023 Progray predigt hﬁ%iﬁ?@%@nmvﬁw@e@@%ﬁﬁmit&e hdgarnet nilihe goftwarg ipregg o
executable directly by the CPU 1410, but includes a source program

0 pe from themshiss seatding gnediym i thin QRN &ive or gther Jaby rgading [dgpigey or
Wth reference . tq FIG 19, a s re of data.to be held in the

!t 0RO i it FRmeEmafom Had i s temtreily Seciod iy ahe e 4R 1450
di agr.am cpncept ual.l how. n n de of_.dat in 5 the _h

i ok ThAGRe SobviiR tead Sat hardee Fuf oo 0 e ED B8fort et sk
stori data. therein, t.a stored i as 15 0 1550 are
scodidy Gt SEA Asemne ot BhS) The FLP, P BRE oocttile Marene R fromamn
data[()ﬁ‘gﬁ)rd stored in the hard disk 1450 is stored in the

15 The hardware of the computer system achieving the information providing server 1230,
illustrated in FIG. 18, is a commonly—ﬁsed type. Thus, it can be said that a substantial part of
the information providing server 1230 in the third embodiment is sofiware stored in the RAM
1440, the hard disk 1450, the CD-ROM 1460 or other data recording medium, or software
downloadable via a network. An operation of the hardware of the computer network is well

20  known. Thus, its detailed description will be omitted.

[0230]

The recording medium is not limited to the CD-ROM 1462 and the hard disk 1450, but may
be a medium capable of fixedly carrying a program, such as a magnetic tape, a cassette tape, an
6ptical disk (MO (Magnetic Optical Disk/MD (Mint Disk)/DVD (Digital Versatile Disk)), an IC

25  (Integrated Circuit) card (including a memory card), an optical card, or a semiconductor memory
including a mask ROM, an EEPROM and a flash ROM.

[0231]
~ 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
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area 1510. A transmitter ID for identifying each of a plurality of
transmtters for emtting a 10 positioning signal is stored in the

regi on 1520. For exanple, the transmitter ID may be a production nunber
uni quely assigned to the transmtter by a manufacturer, or a nunber

uni quel?°&&8si gned to the transmitter by a manager of the system Data
(coordi 5‘?@ val ues) for indicating an installation |ocation of the

t ransnil is stored in the area 1530. For exanple, this data nay be

Lo A b P T RIS R g server
SRS S MR EEME LN JE -

pr Oél) d'tﬁ'g hgr%séhtsﬂ: QQSQI nh?er H?f[ : ‘?@f Lﬁ'j(? q%ctclgc?eislo ﬁ\];eoera.@% '19{]0 E(S q\étiﬁi Ifglg gt?)ﬁ{ég %rrilraaltal

123 t0 recognize " the ins ion- | a“ i ndi catrve

addr o9y 8hint DDLNSHAH b ARl 957 o<l NS HATRABIABL oty sLor e 10 the

area 1 . Thi's ais use e “manager he sanme manner as that
in the g%{gg stored in the 20 area 1540. The data stored in the areas
1510 t(g O are associated with each other. Thus, if the transnmitter

IDis idenkiflRENA f&f’i%llz at';fgglg%eﬁ )Qﬁﬁg’treﬁ)rd Stdled irﬁt%q%%ﬁfcﬂ&i@l@tlﬁf(?)ﬁs 4BRd in the

installation [|ocation 1530), a nane of the installation

| ocat i Qiea £50. b {h@mtiteEd BS forl{ilestiffBlseSachlof PPRSIRY Of tAndsiRfs" ol nftting a
position of a sender of the transmtteer ID by an area narrower than that

cover egobifioRinBasghad idkioddtt ir2thel fgidl 1520 Foe TaMbleD HRY trthMEItBOTD thAN be a
information of an indoor transmitter by the information providing

server ptedRtibs nad@béraldiquety askidacdrabihk erapdiviner B2 0 thapariefidéresr anpabdetinilatya
for requesting position information (hereinafter referred to as

" r equeskdignedus itirgtransinigery 4 inanagePof degystedd Daseoonlimute eduwts) f@findicating
determ nation on the PRNVID, and data (URL, etc.) for accessing - 61
t he i nfaorinsliation poaationl bfithesensmaittet 23Pored nethewloed E3PhoRer &2@(pl¢, ek datatrsay
the request to the base station 1240. This transm ssion is achieved by
a convéet stored| inc thembaril cdisk evenyr bmessitragsmitien is daglollele th spedfit viang vhéhe
request, the base station 1240 transfers the request to information
prdvi diingalisipg decation of the tfapadBier Theoted i theatréo h549F oviod exrgnievrthisrdatapig @sed
detects reception of the request. Then, the CPU 1410 acquires the

t r ansmite eBew apnanages mpagingdpsa stored iy thecdhard fisk (elewerpe pioviter proyEling pepitione
hard di sk 1450. More specifically, the CPU 1410 perforns a matching .
proce Sgpﬁq@nmﬂn g thei IHF(W@EIHOH providing server 1230) to recognize the installation location.

Data indicative of a mail address of the installation location of the transmitter is stored in the
area 1550. This data is used by the manager in the same manner as that in the data stored in the
20 area 1540. The data stored in the areas 1510 to 1550 are associated with each other. Thus, if
the transmitter ID is identified, a position coordinate, e.g.,, a coordinate of the installation
location (area 1530), and a name of the installation location, can be identified. This makes it
possible to determine a position of a sender of the transmitter ID by an area narrower than that
covered by a base station.
25  [0234]
A process of providing position information of an indoor transmitter by the information
providing server 1230 is aé follows. The mobile phone 1200 generates a packet data for
requesting position information (hereinafter referred to as "request"), using a transmitter 1D

acquired based on a result of determination on the PRN-ID, and data (URL, etc.) for accessing
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whet her the acquired transmtter IDis matched with one of the
transmtter IDs stored in the area 10 1520. As a result of the matching
processing, if there is a transmtter IDidentical to the transmtter
IDincluded in the data transmtted fromthe nobile phone 1200, the CPU

1410 heatdrmQtn SPGB 0Va|I‘H€ SndifeSihohe 3200 ARG R rétéguké't thNBe

transmtter |ID, and generates packet data for returning posi

i nf oryygd bafod P2400€ THADIARIRORRES %@lﬁ@ve dSpes bédveatidoal céxﬂ%u@%a‘hé{f*%%cesmngl .

generates the packet data wth data having the coordi nate val ues

addi ng ragpoastdfemseioigt e rddqueb@iid Busp RNMEn 1240 t2AsfRrsaadequestidcinftlatidd O
transmts the packet data to the base station 1240 through the

comMioGiding@Brver13370. [0236] I n response to receiving the packet data
transmtteg fromthe informati on providing server 1230, the base

stat i[op35]240 transfers the packet based on the address included in the
data. The 20 base data 1240 nmay store the received package data and a
recei vi Nfhd infermatioa prondoigadertee 1280 rdatpets eaptioa dfehe requasthaMtienli thk CPU
unit). In this case, a record of position information acquisition of a
user 1dfl0tahguirmsish¢ gapnutier T2 GOm the peest, wadl penfiishseamk exith tespexs $6 Bechard
figure out a novenent route of the user. [0237] 25 In a situation

wher dliskh43tobiMerepheriicad 0 the €PUokid Oqurfipimt s maiching greooskreng: faratttasmiingr s
fromthe base station 1240 are reachabl e, the nobile phone 1200 receives
t he pelthear the enguirpd tragsmitteolh isHeatbetdevith ang ehthe 2upsmifise FDs ﬁérqsigé rthmre@ he
nmobi | e phone 1200 perform; a predefined, operation for view ng

rleceil\ﬁéﬁ das 2 (f'éu of %A Byehagimpcrdnsyifefipitgises dansyitter 4D uiiegwéfo dhe t
1350 di spl ays é%é oor di n te val ues nsm tter. hi s manner,

the J&@ gt in Uspdaty gt e%%orpg#t@g SoriE poRne 1%90» h}résé%‘ééélo %6 e
e S SAh SR Eh D G M L e P TR i B
EB?? o G f%Sﬁth'af BTG 29 Srcnoularedgols Sheiy ths?ﬁ*’c}é-lﬁé%t ,
5o SR SR R RS b AT P SRR S
RO oy R R Ry
posi t,aQ through the communication IF 1470.
[0236] |
In response to receiving the packet data transmitted from the information providing server
1230, the base station 1240 transfers the packet based on the address included in the data. The
20  base data 1240 may store the received package data and a receiving time in a nonvolatile storage
device (e.g., a hard disk unit). In this case, a record of position information acquisition of a
vser of the mobile phone 1200 is preserved, which makes it possible to figure out a movement
route of the user.
[0237]
25 In a situation where the mobile phone 1200 is located within a range where radio wavers
from the base station 1240 are reachable, the mobile phoﬁe 1200 receives the packet transmitted
from the base station 1240. When the user of the mobile phone 1200 performs a predefined

operation for viewing the received data (e.g., an operation for viewing e-mail), the display unit

1350 displays the coordinate values of the transmitter. In this manner, the user can roughly
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i nformati on. The nobil e phone 1200 functioning as a position information
provi di ng apparatus 10 transmts the transmtter ID to the server
apparatus to acquire the position information. The use of this

i nfor ion providing technique nmakes it possible to elimnate a need

f or ariaw fgCuFes nﬂpwgﬂn. nlﬂothm%nth@ﬁe i§ flor%ﬁ‘?grﬁ)tfﬁgﬁtef g0 dIngis] Yhlwsp qmeach

transmtter its therefore facilitate nlng n installation
posi t | JANYRitter @%ﬁﬁgﬁﬁh%ép aﬂp@%@@]ﬂf@ﬁaﬂ? thet @H%gl@t Tordtion of B gansHter prDe
above ‘iﬁ %g' tsd have been shown and descri bed onIy by way of

i |1 ust FEFPeRC"BE’Y t he description is not meant to be construed in a

[ i mthr@gé?nse. Accordingly, the scope of the invention should be

deter by the foll ow ng cl ai s and their 1egal equivalents, instead
of the aboye .d scrl t| on.. nded .t hat all

P cat SRR Bt ot RforblasR phiVERE Sl 3oeling H ARSE Ry RBBadipent
APPLI CABLLLT Yk 02400, 5 0981 AR S BB b RALALOGYSE ROt

presen ven Ion can one havling a posl

funct i gineRd: sﬂ%{t&?rﬂg ‘?{egkﬂﬁg SRB&QAt n9f Tl‘ﬁﬁ %%é' E%to‘i‘ed 315%Fé?§értdp%‘aﬂﬂ

signal ; such as a porta oni ng erm na

mon| to“férg;%f&ﬁ tlon':‘ﬂ?&rﬂﬁﬁon bpend é{ﬁﬁ{ﬂt%ﬁéﬁf gﬁmﬁ@eaé&&&ﬁ BtwitUR dsﬁ

can be transmtter to e I ns an |n oor are

any ot hghrhdiRRS mThE L%l SUb&LI200 BcticY MR pobitioh iRRFAERNproMad); hfs
provi di ng system (10) capabl e of providing p05| tion information by use

of 1@ T ifaBdmiROHk trafibhiter B 8L s¥RECoppafang (5 REQAE BO BEJifisiMnTda@bn | I PRR use
each of a plurality of 5 satellites, conprising an indoor transmtter

(200- 1pf trigdnforR@ton lpetmalﬁ% Qééfﬁiq&nmﬁkﬁvitqjd@ﬁbleaﬂp@lﬁﬁiﬂa& 6 364 . foraR6Ring:
the indoor transmtter includes a first storage unit (243) which stores

t her ei pogitien iriforimatiah af aft@nhsmilentd byheld banhd natsalittatiisel, dmahtretine Gcilithte a
i ndoor transmtter, a generation unit (245) for generati ng, as a spread
spect r dhargigal instaibatRagositiopo$ b tiaosmingr.si gnal which is an 10
guadr at ur e- nodul ated si gnal having the position data, and a transmtting
unit (2B3Pjfor transmtting the generated spread spectrum signal; and
15 It should be understood that the above embodiments have been shown and described only
by way of illustration, but the description is not meant to be construed in a limiting sense.
Accordingly, the scope of the invention should be determined by the following claims and their
legal equivalents, instead of the above descriptioh, and it is intended that all changes and
modifications made within the scope are included therein.
20
INDUSTRIAL APPLICABILITY
[0240]
The position information providing system of the present invention can be applied to a
mobile phohe having a positing function, and any other terminal capable of receiving a
25  positioning signal, such as a portable positioning terminal and a portable moniforing terminal.

Further, the transmitter of the present invention can be applied to a transmitter to be installed in

an indoor area and any other transmitting device.
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the position information providing apparatus includes a receiving unit
(402) for receiving a spread spectrumsignal, a second storage unit
(420) which stores therein a plurality of code patterns related to the
first and second positioning signals, an identifying unit (412) for 15

i dent chyAngene of the code patterns which corresponds to the spread
spectrum signal received by the receiving unit, a determning unit

(316) for, based on a signal obtained by denodul ating the received
spread spectrum signal using the code pattern identified by the

i dent i f yiAngoditid infordRkieh Prdvidiflg Whit&h (90) daPablt of plovadifly pEANiHIOShH0RHYNT
signals is received, a position information-deriving unit (430) for

der i vigeQoP® Sirdt i pdBitioRin@r siddal il istSprBAb kdc@iimi Hfil FRinh @ACh2Of RHAVhlyNer
apparatus, while sw tching between processi ng nodes dependi ng on a

r esul gatélfiteb,heom@gtiag raonaidoon, traal@iten @O0UL ankhid poddOn) ihformatispYirbiidihg
the position information derived by the position information-deriving
uni t, amachtish@0@), mhetde position data includes first data capable of
identifying the indoor transmtter, and second 25 data indicative of

t he i nst did mtoantrameoattéranclodest hfirst nboaye unitaf248) wheh; stand thehen gesidpatdaan
unit is operable to generate, as the second positioning signal, a first
phaseforsidgnidyingaan nytailator lomtionl atf 2hafindnor beinsyitnba exeherdtion ugua@da) Gore
modul ation, and a second phase signal having the second data after

bei ngeenghitiog: ea$ tao sreadr apestnnodgnadt iapn second4 pogitionning sigokk iwlich is an
information providing systemas defined in claim1, wherein the position
i H¥ or aeadrasvreduedulatpd sigal hayinghdheamositionhdsfat Bed s deanamptiag tmuhi(ggp) for
signal transmtted by the indoor transmitter which is one of a

pl ur atransyigimgithrigrneratediseadispesteum pignglepnd ved, to acquire the position
data fromthe, signal obtained by the denodul ation,  and,. ﬂ?e a plurality
of the f ﬁheswosgloadgfqmﬁaﬁ?rharoyrd@%ﬁmoaa@%s Pebiy s aeceiving it (102) Sreestving 2

post Lond BLoC IRl on, Desed o L SSpect) 5, SBted, SRSELL SLanal s, Pl e
O B0 SR, L8 BT, B2 R B, b i e
Ry LTV SRR B Bl BERLb”
L RS Ak T EPYE e M R KL B bR
appar %&%e@%ﬁﬂdoﬁé@ﬁnf élé‘f?‘aﬁ using the code pattern identified by the identifying unit,
determining which of the first and second positioning signals is received, a position
information-deriving unit (430) for deriving position information of the position information
20  providing apparatus, while switching between processing modes depending on a result of the
determination, and an output unit (440) for outputting the position information derived by the
position information-deriving unit,
and wherein:
the position data includes first data capable of identifying the indoor transrhitter, and second
25\ data indicative of the installation location of the indoor transmitter; and
the generation unit is operable to generate, as the second positioning signal, a first phase

signal having the first data after being subjected to quadrature modulation, and a second phase

signal having the second data after being subjected to quadrature modulation.
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data included in the first phase signal to acquire position information
associated with the first 15 data. 4. The position information

provi ding system as defined in any one of clains 1-to 3, wherein the
indoor _transmtter further includes a plurality of digital filters
(2460, 22480y positignanfematen orevidingtsystem aedelinddnip elaan df wheseip|the Sopitign
of digital filters, and wherein the generation unit is operable 20 to
gener atdormagonrderiying dndipiscenetahle Wi they sweondb posidonpg istanah ragsnfteh &y the

i1 orindgiroBBER g Yhg: Syt SRUEAIY O S1CoPh BRI EFoR FHHURIA? PRPIC (e
i ding. t def.ined. in f j |.ta 4, in,.  t
Dosi 1 BT SR AqERY kit v e iperdiiton. apbricea PAEAIY PhguARe

[ th 25 d i fioni ' [, t. tract t d dat
o R0 GETEER G b SRR SRR G b S PERO s Bl

the install ation, | ation.ﬁﬁﬁed ondgﬂth%tractﬁg %‘cond data. 6. The
pOSItI%WCFWP8FWﬁFE§ﬁKHﬂg@P I §e§§%q et “any one of clainms 1
to 5 wherein - 65 the second positioning signal includes a first
phase signal and a second phase signal, and wherein the first phase
. | e _ . AN . i
traner ¢ arEOERA0Y bmBBLA pESRAR, Sy hE Fitictth Blch 1 anReing

i ndi cat i venohodifith 1n@&§&kibﬁtﬂr&ﬂdﬂngga}§%ﬁﬂlsoig atdgf[?ﬁ '?51%9%38{1‘51@%? 14 ! ‘ceaﬁHQ

wherein the generation unit Is o etop orm no ation o

fifpt RRASRomPEidRsh a atﬁ?ﬂﬂlp%\ji&ﬂﬁgt)sﬁigﬁ TSR RERR Bt Witidthe first da;cja;

i ndependently. 7. The position’information providing system as define
in anyggne of clains 1 to 6, wherein: the first storage unit is adapted
to store therein spread code data for spectral spreading; and the

i ndoor tr gspodificd idfoimtdiRh-def¢ingd@sit & dpdrableNRkn YR tedeRdR)) uplaBéeeebst e
accept an input of 10 the spread code data, and wite the accepted

spr eadsgeotl® politichingsigha, fo ddmimehioAta @ethuthe comanahiomien eppuritne bgradnahé st
unit is operable to generate the second positioning signal as a spread

spect r dath $ncduaidd, in bAS €igkt ghatehd gl rte adquied posdiddrainforpuitioh raesuciutedowith ithke fiedt
the indoor transmtter. 15 8. The position information providing system
asldefdated in any one of clains 1 to 7, wherein the generation unit is
a logic circuit which is programmabl e according to firmvare supplied
from the outside. 9. The position information providing system as
defined in any one of clainms 1 to 8, wherein:

4. The position information providing system as defined in any one of claims 1 to 3, wherein

the indoor transmitter further includes a plurality of digital filters (2460, 2462), and a selection

unit for selecting one of the plurality of digital filters, and wherein the generation unit is operable

20  to generate, as a spread spectrum signal, the second positioning signal having the position data,

depending on a band defined by the digital filter selected by the selection unit.

5. The position information providing system as defined in any one of claims 1 to 4, wherein:
the position information-deriving unit is operable, when the receiving unit receives the
25  second positioning signal, to extract the second data from the second phase signal; and
the output unit is operable to display the installation location based on the extracted second

data.

6. The position information providing system as defined in any one of claims 1 to 5, wherein
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20 the second positioning signal shares a common format with the first
positioning signal, and includes the position data in place of a

navi gati on nessage included in the first positioning signal; and the
position information-deriving unit of the position information providing

SoDar . _ ' _ ) . ) X .
PR Ty ek BT 2y A S A i S o8 o085 IR 80 i
cal cul i i : e Lt Lpf.er i i di t

basoq e firft phass Lighil iablAChRe /! ARaliD o i ifARe R deb faARARGE i3 e

The pQgididophds@ snaBldcRlePE0nd B Mgt aF S idRIRLEbA |G Che GARIoES
1to 9, wherein: ~the position data is configured to identify a position
of therdnGifaRk, dndamstihttes s@RtatoRYinittis 8pérableto Prfo@ eholiiRLION bP e fikdd Shase
operable to output the position information derived fromthe position

data sighal el hiedum@dn dMhé SREEd phate vhhMadgfenderBt er mi ned position. 5 11.
An indoor transmtter (200-1) capable of providing position information

by use of a first positioning signal which is a spread spectrum signal
fromeach of a plurality of satellites, and a second positioning signal
havi ng.t héhspositidahformatiomproarliig@istent as dedintd isinypari dfickiins § t6 bowhérein:
conprising: a first storage unit (243) which stores therein position
~dat a for thddmstisforagegindtris adeptial toatdre therdif) spresdtoderdatd for hgecirabigpocading; and
transmitter; a generation unit (245) for generating, as a spread

spect r um thiegmduor transmgigten fintthgo gichides prgta igpgnadit @A cédaptedan accept an input of
quadr at ur e- nodul at ed signal having the position data; and a transmtting
udDt  (tksgpreddogode datasanid wiiteghe esepied epraad sodsplatain thp st staragsivgiial |
wherein: 15 the position data includes first data capable of identifying
t he i ndoo#nd wherewi the generatien it sneperdde & gerfrdathie sccond ppgtiomsg signak aon

| ocation of the indoor transmtter; and the generation unit is operable
to gerferoat espegirim rwignab dased pBShE isprfRA Fode glata Inpyt fiops an ydside ofjtlg, gndoor
having the first data after being subjected to quadrature nodul ation,
and a 88HHmphase signal having the second data after being subjected
to quadrature nodul ation. 20 12. The indoor transmtter as defined in
claim 11, which further conprises a plurality of digital

15 8. The position information providing system as defined in any one of claims 1 to 7, wherein
the generation unit is a logic circuit which is programmable according to firmware supplied from

the outside.

i}

9. The position information providing system as defined in any one of claims 1 to 8, wherein:
20 the second positioning signal shares a common format with the first positioning signal, and
includes the position data in place of a navigation message included in the first positioning
signal; and
the position information-deriving unit of the position information providing apparatus
includes a calculation unit which is operable, when a plurality of the first positioning signals are
25  received, to calculate a position of the position information providing apparatus based on the

navigation messages of the first positioning signals.

10. The position information providing system as defined in any one of claims 1 to 9, wherein:

the position data is configured to identify a position of the indoor transmitter only by itself:
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filters (2460, 2462), and a selection unit for selecting one of the
plurality of digital filters, and wherein the generation unit is
operable to generate, as a spread spectrum signal, the second
positioning signal having the position data, depending on a band defi ned
by themaigital filter 25 selected by the selection unit. 13. The indoor
transmtter as defined in claim1ll wherein;, the first stqQrage unit is
adapt ed t QEPE WHds apeiallp teaupeibde pasifign tepmagivadedl ed Bpwaile Resitigh data
t he i ndoor .transm.tter, further_ includes, a data input unit (210) adapted
to accgﬂﬁegﬁnﬁ Fiimgee indicgive pfadelerouned ResHPYat a, and write the
accepted spread code data in the first storage unit, and wherein the
generation unit is operable to generate the second positioning signal as

d i [ d .ead de. i f
© TP PR AR opBaT P bR RGE SRS BB b 4
ety A 0L SRR SRSV ek el PO Tt et
1o AR A RRE 4, Sy BLGTARACR, B UP 0 0fndpb o s,

pluralj . satellites, conprising: the step of generating an second
posi ti O&In?{%rgsfuggnal whi ch i s quadrature-nodul ated, as a spread spectrum

signal, basge: QBraB0 it @)IFhdh Rred ﬁff%ﬂ%td} B\SEiﬂGn YWral ﬁ?ﬁ@én‘ti?ﬁhé"ﬂn'iﬂs%}aiti%ﬂd 7

of an indoor transmtter;” the step o smtting the generated sprea

Spﬁptr}élghtﬁjrgﬁqhéindg&&;ﬁgm%@e@g of receiving a spread spectrum signal; the
step (5610) of identifying, based on a plurality of code patterns

rel ated tq defrafibh Sthit 304K) f6LEORFARRS hi b QPteRd spéc@idl SignBNEn Yécohldl PosiBEking
patterns which corresponds to the received spread spectrumsignal; the

step (SghdWhieH isdflg@idhidtodbiacadial RavetOmalpodhbaiagthddy denodul ating
the received 20 spread spectrumsignal using the identified code

pattern, whiaabmifing fet (505 for aafsmieGoNtic gpasited oprendstgnalsinas recei ved;
the step (5620, 5632, 5636, 5640) of deriving position information,
whi | e swi tadleteiy bet ween processi ng nodes depending on a result of the
determ nation; and
15 the position data includes first data capable of identifying the indoor transmitter, and second
data indicative of the installation location of the indoor transmitter; and
the generation unit is operable to generate, as the second positioning signal, a first phase
signal having the first data after being subjected to quadrature modulation, and a second phase
signal having the second data after being subjected to quadrature modulation.
20
12. The indoor transmitter as defined in claim 11, which further comprises a plurality of digital
filters (2460, 2462), and a selection unit for selecting one of the plurality of digital filters, and
wherein the generation unit is operable to generate, as a spread spectrum signal, the second

positioning signal having the position data, depending on a band defined by the digital filter

25  selected by the selection unit.

13. The indoor transmitter as defined in claim 11 wherein:
the first storage unit is adapted to store therein spread code data for spectral spreading; and

the indoor transmitter further includes a data input unit (210) adapted to accept an input of
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the step (S650) of outputting the derived position information, 25
wherein: the position data.includes first data capable of identifying
the indoor transmtter, and second data indicative of the installation
| ocation of the indoor transmitter; and the step of generating includes

the syfs %&&@ Qe ageaeg@tw@,m@éc rs;tkt@d Sea) Resitih tab&gelumt a first

phase si havi n rst ei ng subjected to quadrature

modul ati ofg RRGeid the oBfbraRBCONH; p&&%&ﬁ)léhﬁ ;ﬂé“t’ﬂé”'& 51‘&? SSEANA )|
after being subjelecteeg t(gaquadr a%sure nodul |e(r)n © p g%%h e
spread spectrum signal, based on the spread code data input from an outside of the indoor

transmitter.

14. The indoor transmitter as defined in claim 11 wherein the generation unit is a logic circuit

which is programmable according to firmware supplied from the outside.

15. A method of providing position information By use of a first positioning signal which is a
10 spread spectrum signal from each of a plurality of satellites, comprising;
| the step of generating an second positioning signal which is quadrature-modulated, as a
spread spectrum signal, based on position data for identifying an installation location of an
indoor transmitter; _
the step of transmitting the generated spread spectrum signal;
15 the step of receiving a spread spectrum signal;
the step (S610) of identifying, based on a plurality of code patterns related to the first and
second positioning signals, one df the code patterns which corresponds to the received spread
spectrum signal,;
the step (S 612) of determining, based on a signal obtained by demodulating the received
20 spread spectrum signal using the identified code pattern, which of the first and second
positiohing signals is received;
the step (5620, S632, S636, S640) of deriving position information, while switching
between processing modes depending on a result of the determination; and
the step (S650) of outputting the derived position information,
25 wherein:
the position data includes first data capable of identifying the indoor transmitter, and second
data indicative of the installation location of the indoor transmitter; and
the step of generating includes the sub-step of generating, as the second positioning signal,

a first phase signal having the first data after being subjected to quadrature modulation, and a
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second phase signal having the second data after being subjected to quadrature modulation.
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