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FOR PROVI DI NG PCSI TI ON | NFORMATI ON' 5DESCRI PTI ON TECHNI CAL FI ELD Loom
10The pre.sent invention relates to a technique for providing
position informati on. More specifically, the present invention

rel ates tROSITKlNrﬁbHE@RMﬂ%DN AR@VAING S YO EEM dNDOOR R ADISMIERER
under an environnent r@ &yhe enetration of a signal emtted
froma saAND METRORHF RQRE @i (A5 QN@HTORMA%@K@@OJND ART

[ 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 wll
hereinafter be referred to respectively as "GPS satellite" and "GPS

signal.”) is flying at an attitude %thnty t housand km from
the ground. Any user is allowed t signal emtted from
the GPS satellite so as to neasure a distance between the G'S
satellite and the user through denodul ati on of the received signal.

Thus, as long as there is no obstacle between the ground and t he UPS
satel'lite, position determ nation can be perforned using the signal

emtted fTROHNEAPFIEID! |ite. However, in cases where the UPS is
used, for exanple, in an urban 25 area, a forest of buildings often

becomes qb&rldcl e to cause a situation where a position information
provi di ng .apparatus of a user cannot receive the signal emitted from
the URS sat elliel presenFumvehtion relatese trda rtegchoivue dd prdvadisg pasiomy mebrmation.  More
diffraction or reflection often occurs due to the buildings to cause _
an error sperifivadlyatiece presenls invention relsiencfot heteshndis cagqblecp | radgingoposition
deterioratjon [n accuracy of position determ nation. 003]

Al t hough lﬁegwmsevan t”éé?{n"frq alw@pnxe%tc@mﬁiwg the, PSRELIEHER @ ﬂaﬁl@}iﬂ gjfiedtiom a.

GPS S|gna i C e at.ed .t htough a wall or roof; a receiving .
state is® ﬁh?wglﬁg H$8 ?%%%@H’ies deterioration in accuracy of
position det erm nation. 5[0004] Wil e the above description has
been nade about positi on. determ nation by taking the UPS as an

exangl % I@(fg W‘R‘P iagsipd phenomena are observed in a _
sat el |5I t e- base ositioning systemin general. As used herein, 'the

term "satiepdt e- based positioning systenf neans any type of
satel li te based positioning systemincluding . GLONASS ( GLObal
NAvi gati on S&3 eldohientidfhl Position)deteiminaiie mteﬁgdeGaSl(mobaamdsﬁahng S9stem) is

Europe, as well as the UPS.
known. A satellife for emitting a signal for use in the GPS (the satellite and the signal will
. hereinafter be referred to respectively as "GPS satelhte“ and "GPS signal"} is flying at an attitude
20  of-about fwenty thousand km from the ground. Any user is allowed to receive the signal
emitted from the GPS satellite so as to measure a distance between the GPS satellite and the user
through &énodulaﬁon 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 emifted
.. from the GPS satellite. H_()wcver,"in cases where the GPS is used, for example, in an urban '
25 .area, a fqrest of buildings often becomes. obstacle to cause a situation where a position
information providing apparatis of a uset: 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 distarice measurement using the signal, which leads to

deterioration in accuracy of position determination. .
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[ 0005] A technique related to a position infonnation providing
systemis disclosed, for exanple, in JP 2006-67086A (Patent -
Publication 1). 15Patent Publication 1. JP 2006-67086A DI SCLOSURE OF
THE | NVENTI ON [ PROBLEM TO BE SOLVED BY THE | NVENTI ON] [ 0006]
20Howel@P3] i n a technique disclosed in the JP 2006-67086A, there is a
problemthat it |acks versatility, because reader-or a witer is

uni que as A&fivmé&lbﬁh%ls ftechnigys iof reSRIVINgriB ARARIsK ai5a S ek {aPS yignd yhich has

Moreover, due.to a need for limtin tr m r output tq avoid . -
ot o  BisrEET B AT el B0 gt 408 sBoat AEHelakEon ik Rgipes do@iStabon in
restrict I ch. causes. a..problemthat it is unable to continuously
.acqui ré“"g‘%%?(p%%m"ﬁ‘f#feﬁéﬂa_%% , or an extrenely |arge nunber of 25
trans 'dobﬁs are required to cover a w de range. [0007] In regard
to acquisition or notification of position information, for exanple,
in a fixegifenRe m%aescﬂ?ﬁ&@ﬁweem&aé bR feidvCachédRitatibh Eg t4RingAnE APk
sent out fromthe fixed-Iine phone, because an installatioh [ocation
t her eofs kb epdr@ble,ihBadfbrleeliishan - pheRNBMAS are b8 YedVid B RARMUbIaiedaidsRidni
mobi | e phones, nobile comuni cati ons have beconme popul ar nore and
nor e. shistem in genefdl enAb esahBgeiudiel termh dsdieltitefbasaipdsitiondqs sstediT means any
information in the sanme nanner as that in the fixed-1ine phone. _
Fur t hetype af satdllite-brsed postioning systame inghritg, GL.ONASS 6F o YA dfaticavBatellite
toward including position informtion in a nmessage froma nobile
phbhe $¥tayyiinBussianindewtion,god&alileo in Furppe.dis weHtap P¥obil e phone
havi ng osition determ nation function, position information can be
acqui r@80%ln a | ocation where it is possi ble to receive a signal from

telli t hat ition. af t bi L . b tified .
Covaver | PRk ke R84 itk 5, BB 3R S BReRS B bl
such ‘aﬁ’ﬁaﬁ!@ﬁé@f{,@%ﬁg%&?ﬁ%”di ng or an underground 10 shopping -

area, there 1s a I'ng unable to acquire position
i nformation. [0009] - ‘

15 Patent Publication 1: JP 2006-67086A

DISCLOSURE OF THE INVENTION .
| [PROBLEM TO BE SOLVED BY THE INVENTION] .
(0006] o ' _ ‘

20 . - However, in a technique disclosed in the JP 2006-67086A, there is & probleﬁ that it lacks
versatility, . because a reader or a _writer is unique as an element of a'pésiﬁon informatipn
providing system. Moreover; due to a need for limiting a transmitter oufput-to avoid

- interference, a receivable range for position information is'restric",ted,. wﬁch Caﬁées a i)roblem
that it is' unable to continuously acquire position infqﬁne_ttion, or an extremely'largé mimber of

25  transmitters aré required té cc.)\-fer a wide range. | |
[0007] |

In regard to acquisition or notification of position information, fof e.xémp'le, ina fixed-line
phone,-a caller iaosiﬁon can be identiﬁed by a call sent out from the fixed-line phone:, because an
installation location theréof is preliminarily known. | However, aloné with jJOpul_mization»of
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As measures for this problem for exanple, a technique is conpensated
Iwhich is designed to arrange in an indoor area a plurality of
‘transnitters each capable of emitting a signal sinilar to a GPS

'signal so as to calculate a position based on the trilateration
‘principle as in the GPS. 15 However, in this case, there is a problem

‘of -an i ncrahile phanespbYe communicatintibeyebecomedoplan mese and Borea| THHF.rijoften
?respective clock tines of the transmtters to be in synchro izat'o%X N
‘Wi th each b&edess unpljp jppotify caller gegrer miormgtipn gy ’Se\ﬁﬁ%mﬁ%é@gﬁ% ¢ fixed-line
becomes caonpplic due to reflection in the .indo area. ..whi ch . .
causes angihs - PhEBEAT A meSeR i BT CoPtmBu s CLTSPRReRE N Hhpd ingloding
.easily occur. ' ) cost | Lansm.tt. ' al | ed.

Toora] " HHBoSHEAERR0 /AN i Rim Yol R T hSuBp B Lnove

probl egs, rga1its object is to provide a position information

'provi di'ng sysgen1capable of' providing position information w thout
deteriorationy § @HGLHREN 8Blle! phofe | RERY ANpYMNRIE deferrhiPatidid F&Rkibh,€ position
:to receive radio waves 25froma satellite which emts a signal for i
:posi tion defoshdtionahh 88 acduied &] a locatidn wherdtaé péssibddioasdcivfa §ifeal BopgsLicllite,
invention to provide a position information providing system capable

.of provi disaghgtos pbsition bfi tier nebilo potxa sadbe motified. grikdwdvar iing hoativmedhere it is
.for a clock tine synchronization with a clock tine of a satellite

whi ch emni twpessidblgteakective rpdisi wives sughtagram imside omea pDO k8jlding or an tndesground -
tyet anot her object of the present invention to provide a position S
i nf or At | ShonpinsAres, figrasiy gmeghlera ghbaiag wiabla tpseauisinesition édepnagipn.g
Etransnitt?émﬁﬁich emits a signhal for position 5deternination. [0014]

It is stil ot her object of the present invention to provide a

Phatal ati on A& Bty B Tehen Tr STaBPR € it B Gompbglelivtispyis designed
I Tke and @@51%11%@ ?lp&?inhg'cﬁ’r a?é?ifa plan%{igpétﬁa]ans'rﬁitters each capable of emitting a signal similar to

i 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 syn;hroni:;atfon with eachi other.
[0010] _

Moreover, a radio wave propagation becomes complicated due to reflection in the indoor
area,‘ which causes another problem that an emor of about several tens of meters easily occufs

20  despite such costly transmittefs are installed. |
[0011] |

The present invention has been made to solve the above problems, and its objgct‘is to
provide a pbsition information _providiﬁg system capable of pr'ov.iding 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 ‘-of the present invention to provide a posiﬁon information providing

, syste;ﬁ capable of providing position information based on a signél having no need for a clock

time~ synchfonization Wiﬂ;I_ a clock time of a satellite which emit§ a signal for position

S



It is yet still another object of the present invention to provide an

i ndoor transmtter capable of transmtting a position

i nformation-providing signal without deterioration in accuracy even

in a location where it is inpossible to receive radio waves froma

sat el | i dgetinitonem ts a signal for position determnation. 15[0016]

It is another further object of the present invention to provide an

i ndoor [G0dBknitter capable of transmitting a position :

i nformation-providing signal based on a signal having no need for a
cl ock ti meltsymetanethier et Hie iresentinpendion; teprayides pesttion) infosmafitcproviding
emts a signal for position determnation. 20 [0017] . It is still a
f ur t her S¥§tite cepabie P’Eé'u?ﬁfé?é}gt 3 695l A i % HaRFUiHpO WS EWits fgsigpal for position
tran niéter.c able of facilitating installation and mai ntenance

t her®of det %¥H1t is an additional object of the present invention

to provﬁg? position information 25 providi ng nmethod capabl e of

provi di %@sition informati on wi thout deterioration in accuracy even

satel |1 te ap st bojels A RPABAL fackidoE Sipkfad AU REm BB vipine
IS yet teﬁﬂgélp%m @?kacﬁgétg@itinﬁinatﬁaﬁa B SBiMer iz{‘é&ﬁﬂ%iﬁ@ Qreﬁfagafbﬁﬂaﬁgo?me like

position Infofmtion di ng net hod capabl e of providing posSition

i nf or medddaRaibRERRe Geré@dfSi gnal havi ng no need for a clock tine
synchroni zation with a clock tine of a satellite which emts a signal

f origposfiooi&n det erm nation. [ MEANS FOR SOLVI NG THE PROBLEM 5[ 0020]
According to a first ‘aspect on the present invention, there is

provi ded altppgétisti anothérarbjmt dithe preswit divegtiay wtprovidagainkdeordfangmister dipable -
‘position information by use of a first positioning signal whichis a
spread SijEesmiings gesaion infnaberhpievidingsigneh pithgut sietesigralipt jin aepuratyjgven in

position information providing system.conprises an indoor transmtter
and a poSeRiEIVhGF Hrlﬁa{%ﬁgff 06?08’\7’?6?[‘3%@ W&Hﬁ%ﬁ%‘?@s‘?ﬁt&l}%wﬁ}f&&&“s a sigael for
transmtter-includes a first storage unit which stores therein

posi ti o‘??sﬁ’é’fléi%fegpl tifying an installation | ocation of the indoor’
traﬁsn’i b%], a generation unit for generating, as a spread spectrum

si ghal ,"an "second positioning signal which is an quadrature-nodul at ed

e BB RONE e By g Bt o
- i nfor medf @dmeRItaNE dipﬁﬁtiaﬂﬂﬁbﬁidﬁﬁnjpi’&lidlﬂg%i_gﬁal based on a signal having no need for 2
clock time synchronizatidn with a clock time of a satellite wﬁichl emits a sigrial for po.sitibn.
determination. o
20 [0017]
It ié still 2 ﬁmﬁer object of the present invention to provide an indoor ﬁ'ansmiftgr capable of
_facilitatiné installation and fnaintenance thereof.
[0018]
It is an additional objéct of the -present invention to provid:e ‘a position iﬁfonﬁation
25 ﬁrévidihg method E;apable of providing positidn information without deteﬁoration 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 fo provide a pdsit,ion information
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15 receiving unit for receiving a spread spectrum signal, a second
storage unit which stores therein a plurality of code patterns
related to the first and second positioning signals, an identifying

unt 1O pisIeld 108 NBICh: SOBAE00R SRR SRS R PO £ STRRNIRiho neet

t he spre: ttrum sr celvéd by the receiving unit, _

det er m nkRG dicinkOfynciRBieslion with £E19024ime BE ANt Wniee BRALh hdFod fRition

recei ved spread spectrum signal using the code pattern i1dentified by

t he i denfétbiingioani t, 20 determ ning which of the first and second

positioning signals is received, a position information-deriving unit

for deri [MB4ANSEOR SQLVINGOTHRPROBIFEM] he position infornation

provi di ng apparatus, while swi tching between processi ng nodes

dependli nff020] a result of the determ nation, and an output unit for

outputting the position information derived by the position = ‘

i nf or mat i on4¢eerdingdg adisstasperton the preset fnvisntion theres ramdedragwastiion gnformation

system the_(ﬁ)osi tion dat aé}%S i ncludes _first data capabl e of e

i dent i f yPIoydingsysteRbeAPable of SFviduag positinn wéursystiony By 455 pigs fsst ipowutigping pignal

installation |ocation of the indpor transm_tter. Further, . the ..

Goner at | BIHLS TR PEHTE: G o B 4 ireont B! orfhgposition

signal, acfir phase. signal having the.first dat.a after bhei.ng . .

subj ect Bt RRtadaifing oG SRt hindobluahiiel of s AR, inprppon

t he co bey |k Aert I :
‘_fﬁ ﬁ%v@?ﬁgg&g{)ﬁ; / DshddBPLEG rlifcldady fly Eﬁrd\ég%ﬂlt%ﬂn%lstgres therein

[ 002 e position 1 nformation-deriving unit

oper abl epostfifpdstd or SEHARENP AP irsta OB RMDoSA BRI the RIISH &4RAIRY, 4 P&reration unit
indoor transmtter which is one of a plurality of indoor .

transmi t f@r genetafing,ca€ia/ @fead Gpadfiid rspnit) earp @8édnl OPosit@indngf fsipfdlt Réich is an
signal obtained by the denodulation, and, when a 5 plurality of the
first poguddranmiemopdsiatededigabhavingethe position date, aad 6 thadnaitingemjidisd ttanemitting the
-informati on based on respective spread spectrum signals of the

pl ur al i t gensfatgdespstadespetirgratsigneli tiherposiosi igfeangtior] pER#Eing apparatus includes a
Preferably, the position information providing apparatus is adapted |
to bb calsaBVBest S ReaiviBg & PRIERASPEFITHD signthmicsend Boraghwt whigh stprss therein a

Fhe st BB b Mt e Bbr 0 5% B SectabPob b i Bl
pos , gL Ol e e i cat
POt g c B RE N B R R g R R
o' | by BRARETHE R | 0sBlos SRR GRLOKARL LORARE 0T AR ating e
further jdglerepredd ]gabwu%lﬂ l%agnaf udhgikAkodd bfis idafidicd tﬁﬁhﬁcfdieﬁtﬁﬁtah@i finit,

for selecting one of the plurality of digital filters, wherein t

genez@t | @derttithihg | whieRebBhhe firtt GeMescadRl paBitiBniaP Sachls HEClebaivedsi HNsition

t he second positioni.ng signal having the position data, depending on

a band dmfermetionyerivieg ohitifor deriing petiaehfrmettbrbof théipositeindnfoimationnirdviding

[0024] 20Preferably, the. position information-deriving unit is ‘

oper abl eapparagis, t While cwdichingg beiwieen r proedsving  medess alependlingo gint jaomesul of the

signal, to extract the second data fromthe second phase_signal, and .

the out pStergHnationsand sy opbud upié fefjoshudiing the posidananformption deisd piHhe position

based Oninrf(?rrena éﬁ—ﬁgrgw}iggd i Oﬂ1d th%alg(?sit'ion information providing system, the positionAdata

25  includes first data capable of identifying thé indoor transmitter, and second data indicative of the

installation location of the indoor transmitter. Further, the géneration 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.



[ 0025] 25Preferably, the second positioning signal includes a first
phase signal and a second phase signal, wherein the first phase

signal includes first data capable of identifying the indoor
transmtter, and the second phase signal includes second data .
indi.cattOY)EHof the install'ation |ocation of the indoor transmtter,

and wherein the generation unit is operable to perfonn nodul ati on of
the first i : in@g}gﬁ- I : ; I PO,

i ndependen? fé%?gbl?’o%g }mﬁ&gPre erlg%}ig}?bt g[h ﬁr@t‘%&?%?‘%@&%ﬁ%{:w osttioning
adapt edsipi SNty Bleinddth @adsneiasiewRioh & 6 of PRl ofSRARR HaldnitiaRdis
the indoor ‘transmtter further includes a data input unit adapted:-to
accept @beild)Ww acahiré e popitieadata ditken thetsipnaladtdainéd Byetht ldemadulgineend, when a
spread code data in the first storage unit, and 5 wherein the

gener at plonlitynoft the firsd pesititaling signade e redetvetthie cbahtdthp pesition fiforgnasig baded
as a spread spectrum signal, based on the spread code data input from
an out semspELtivespréad dpestruny gy afttley plufaly ceeiveRiia$t posibioning sigmals. '
generation unit is a logic circuit which is progranmabl e according to
fi rmvari®022ppl.i ed from the outside. 10[0028] Preferably, the

second posjtioning _signal shares a commnp format with_the first

posi ti oni nsre&raﬂa theaBRFLEGHC rffferazat%epr% 108 RPAEPRS, 1S ﬁda,yreﬁcg) 5 cpable of
navi gati on nessage .i.ncluded in.the first.positi.oning.signal,.and the
posi t1 oPTIHHLTHEE: G BEPTORian thrsttt ol BRIITE RO, PGrRGn assoctated
pr oy di S | X 4l a1 .QF ot s i i .2, .
el & iy BRI w18 BOHorRin RGO PR i Mol o REE Al Gimg it
cal cul i ) _ . by p g

based asee e iooRlipidily AR Pl PhE Yl R rBRRRAL Yised
[ 002- 9] on the first Ba@figdtadddyin tHe@stiabd digml €rduirs pesiid @trRdtidPass6@mnbd Hth
a position of the indoor transmtter only by itself, and the output
unit i sthefiestdithe to output the position information derived fromthe
20 position data in the formof an inmage indicative of a determ ned
posi ti df023]J0030] According to a second aspect of the present
invention, there is provided an indoor transmtter capable of

pr oV di ng Bsiratinnthenindperairausmitigr fasterincludes ras plusdily tafodigity) Blteshatnd
which is_ ) . . .. . .
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 éelection unit.
[0024]

20 Preferably, the bqsiﬁon i_ﬁfohnation—deﬁving unit is 0perabig, when the receiving unit
receives the second positioning signal,' to extra_é,t the second data from the second phése signal, |
and the output unit is operable to display the installation l.ocati;m based on tI.l_e.extraéted second
data. | | |
[0025)

25 PreferaB.Iy, the second positioningl signal.includes a first phase signal and 2 second phase
signal, wherein the first phase signal inclﬁdes first data capable of identifying tile mdoor’
transmitter, and the second phase .signa_tl includes second data ;iﬁdicative of the installation
location of the indoor ﬁansmitter, and wherein the genaratioﬁ unit is operable to perform

modulation of the first phase signal and modulation of the second phase signal independently.'
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a spread spectrum signal fromeach of a plurality of satellites, and
a second positioning signal 25 having the sanme data format as that of
the first positioning signal. The indoor transmtter conprises a

first st%@[%funit whi ch stores therein position data for identifying
an instal fon | ocation of the indoor transmtter, a generation unit

; . _ . " T al |
B T Y T
data, andpRadifd 'ﬁﬁ(:ﬂﬂetih&fbr wBhdmifte fufth@Radhdek brGatifut QRN 8k &0 HBESRE input

spectrum si gna n the indoor transmtter, the position data

i ncl udes of ieSdpréhatade Apabhel Rtitd e RkédpitdNGrdal Rolld 848 in tHAREMboFRE unit, and
and second data indicative of the installation |ocation of the indoor
transfi t wdereid-thet feperatibh @ng dn epatiblono ondrate shogroad besifiehige sigh#ltR,a gead
t he second positioning signal, a first phase signal having the first -
dat a af t epechemrsignslybjsed bedhd prayd addedats mpuidichah an bwside afthe andobetrasohitter.
phase signal 5 having the second data after being subjected to

quadr at ui®2fbdul ati on. [0031] According to a third aspect .of the
present invention, .there is provided a nethod of providing position

i nf or mat i on Bsgferakly, dhe generation wakiy poRskCIERY n‘éﬂlwﬁm Frogrampmaklg racgerding to
spect rum,si gnal froEP each of a plurality of satellites. The nethod
conpri segnflﬁ'@resgf’@ﬂ’se .m'g‘@l%fs ing an second 10 positioning signal

whi C?Oi s[@g?gr ature-nodul ated, as a spread spectrum signal, based on
posi tron for identifying an installation location of an indoor
transmtter; Qléfnjh L : ; adns Ples ; oo
recei vi ng aPsI‘If)f%lga ’s%télé’:‘%b?lﬁffﬁuggflgﬁggg‘%gﬁ?f%& ng, Bﬁgése onap atr ‘1‘“’}%"?“13
of code pBLAICHAS idchldRs b bdifidpeddth iS HIREDESH 1B $hdsbdR1 ;RS USRS irst
one of the code patterns which corresponds to the received spread

spect r unpsdigitang sthahlerdiintha JposRame thfealiofdeivihe AbitabN gk BYsifién information
denodul ati ng the received spread spectrum signal using the identified
code pat pmwidinguppatatef intlodesf 4 catulative wetcwhidh pospdratde)iwignsd plosdlisy bBthe first
recei ved; deriving position information, while sw tching between
procé$si pesitienies sigedle At regeived, 4o celsulate o poditian obtherpvisitianiioformativg providing
outputting the derjved position informatign. In the nmethod, the

posi t i onaeReratus breed erelic pavigationppessagapaiihe fiest positioning SjEiads- t he i ndoor
transm tL@r and second data indicative of the installation |ocation"
of the i 88} 20 transmtter. Further, the step of generating

ncl udes_ e autegt B SHASTRCH. Mrei AR RRLY GBor cnsmicr

PuDlect oy MRS B RIS IRl

[ EFFEET GhsiclddFaad R oot 4r kRik32hdicative of a determined position. :
[0030] L |

According to a second aspect of the px.-es.ent inventi(;n, there is provided: an indoor

transmitter capable of providing position information by use of a first positioning signal which i's.

a spread speétrum signal from each of a plwrality 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 idenﬁﬁng -an installation.

location of the indoor transmitter, a generation unit for generﬁting, as a ;spread spectrum signal,

an second positioning signal whioh.is an quadrature-modulated signal having the position data,

and a.transmitting unit for transmitting the generated spread spectrum signal. In the ‘indoor

-7 -



In the present invention, it becones possible to provide position

I nformati on wi thout -deterioration in accuracy even in a |location

where it is inpossible to receive radio waves froma satellite which
emts a signal for position determnation. . BRI EF DESCRI PTI ON OF

THE DRAWaNGDit{ef @RSpositionfdata indluds fastdiaagapibls bbidemttfyiag tlonihdgutrtahimiten fand
a position information providing system 10 according to a first-

enbodi meatondf dathangicasentS thevmstallation Bestean 2f itls &@dobodlangnidgr. arfurther, the
showi ng a hardware configuration of an indoor transmtter 200-1. :
FIG 3 igeneraldérayrifng @mdgptt@ameyatg,hmhngemé rostion signed & fiont phasei signal
an EEPROM 243 provided in the indoor transmtter 200-1. FIG 4 is a,

fi et i oraring|the sy dalg afies baing asbiciaddp myadrapishmpdylatien, gpd gfsegpnd phase signal
nodul_at Qr 245a for erfarm nodul atj on accordjng to a signal

for mit, TaKing ts Seeenddatachics Deine Biplectiin GMdaare AHAEONS | < a gr aph

show ng(@@g tral intensity distributions of an Li C A code signal and

an L1C si gnal . : FIG 6 is a functional block diagram
B 7o SRR B By Rt PRSRERER B RET LR BN b niciRof providing

message-fdaitign 4RDeAoh By uke of Birkst %ﬂistlﬁonin%hsitgtﬂel@m@h {s% &r EQHnS BigKAI Hbm.

a confiduration of a signal 500 to be e d froma“tranSmtter

nmount ed eaéh af @RSudBiyebt bdt@litek! OhPmefhod @DupeiceMhs bs e ggﬁdﬁtﬁfg an second -
configuration of an L1C conpatible signal. FIG 10 is a diagram

showng pasitiegiag digaainfhighisaubdratuaimbieated, sa€acprepdspdotrem sigpak based @b ipGsition

11 is a bl ock diagram showi ng a hardware configuration of a position
i nf'or matdatanfor identifying an installation location of an indoor transmitter; transmitting the generated -
_spreaé spectrum signal; receiving a spread spectrum signal; identifying, based on a plurglity of
'~ code patterns related to the first and second pbsitioning signals, one of the code pattems which
corresponds to the received spread spectrum signal; determining,_ based on a signal obtained by
15  demodulating the received spread spectrum sighal using the identified code pattern, which of the
first and second positioning signals is received; deriving position info@ation; vﬁnile switching
between processing modes depending on a result of the dgtei'minatiqn; and outputtiné the derived .
position information. In the method, the position data includes first data capable of identifying
the indoor transmitter, and second data hidig:ative of the installation 'Io-cation of the indoor
20  fransmitter. Further, the step of generating includes the sub-step of generating, as the second
bositiorﬁng'sig'ual, a first phase signai having the first data after being subjected to quadrature
modulation, and a sec;)nd 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 irﬂpossible to receive radio waves from a

satellite which emits a signal for position determination. .
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provi_di"ng apparatus 100. FIG 12 is a flowhart show ng steps of
a processing to be perfornmed by the position information providing
appar atus 100. FIG 13 is a diagram show ng a screen inage

on a dis ' |1 i_pf.ormati on providing

appar at ugé%#%ﬁséi%?ﬁ@w@@ﬁ%m@w&% showi ng a configuration

of a posi[bg%q i nformation providing apparatus 1000 in one exanpl e of
nodi fi cath of the first enbodi nent. FIG 15 is a diagram show ng

a usage stat fy . Ll an. i i on: nrevidi By

hour 060 oy 0 A QLR Yo PABRLALY Bt sy 10

embodi Meec ik 2 RRESEREimERAERd fekent inverdth(® .16 s a diagram

showi ng a usagé state of a positl | nformati on provi di ng appar at us

in a gositi ofd. Rfi9s FRER MglRiOMbRiNAG: Y Sh LI LGHIRAf8bA 8f irPindodrittahshitter 200-1.
enbodi nent of the present invent{l%%. 5FIG 17 1s a block diagram

showi ng a haFigarie acmgfrmg%ﬂéégammfsh@wﬁgmnb enqak el elatbditagenint HEFEPROBE 243
enbodi ment . FIG 18 is a block diagram show ng a hardware '
conf i gur groadedah tiznndodr cransitter 28 bvi di ng server 1230 in the third
enbodi nent. FIG 19 is a diagram conceptually show ng one

node of dat aFI& driaig&mictional hieck disigein fot SRplaidingrapsandgeration effremodulator 245a for
I nformati on_providi nlg server 1230. . EXPLANATI ON OF CODES [ 0034]. 10:
posi t i on BeHPBRiRE Mogrlapemaseanding tystamy fpypatein acirpuit agweved by ag SR 345 -

10 FIG. 5 is a graph showing spectral intensity distributions of an L1C/A code signal and an

L1C code signal. -
-FIG. 6 is a functional block diagram showiﬁg a conﬁguratidn of a message-data generation
uriit 245b. |
FIG. 7 is a functional block diagram showing a configuration of a message-data generation
15  unit 245c.
FIG. 8 iy a diagram 'showing a configuration of a signal 500 to be emitted from a transmitter
mounted on a GPS sateilite.
FIG. 9 is a diagram showing a first configuration of an L1C-compatible signal.
FIG. 10 1s a diagram shox;.ving a second configuration of the L1C-compatible sigﬁal.
20  FIG. 11 is a block diagram showing a hardware configuration of a po;sition information
providing apparatus 100. | |
FIG. 12 is a flowchart shpwing' steps of a processing to be performed by the position
information providing é.pparatus 100. |
FIG. 15 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 positibn information proﬁding apparatus in

a position information providing system according to 2 second embodiment of the present
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120, 121, 122: transmitter 100-1, 100-2, 100-3, 100-4, 1000, 1160,
1170: position information providing apparatus 130: buil ding 200-1,
200-2, 200-3, 1110, 1120, 1130, 1210: indoor transmtter 20 210:

radio I/ F 220: external synchronous |ink port 221: external clock

port 23fhvertidher ence clock 110 bl ock 240: digital processing block 25
250: anal og bl ock 1010, .1308: antenna 1140, 1150: region 1220:

| nt er net 1386.16ne mo]naggrm slmbwmgls Bsag€BtalR@ a position information providing apparatus in

10

15

20

25

a position mformaﬂon prowdmg systern according to a third embodiment of the present
invention. '

f_"IG. 17 is a block diagram showing a hardware configuration of a mobile phone 1200 in the
third embodiment.

FI1G. 18 is a block diagra@ showing a hardware conﬁguratiog of an informaﬁog providing
server 1230 in the third embodimen;c. | _ |

FIG. 19 is a diagram conceptuaﬂsr showing one mode of data storage in a hard disk 1450

provided in the information providing server 1230.

EXPLANATION OF CODES
[0034]
10: position information providing system

110, 111, 112: GPS satellite

. 120, 121, 122: transmitter

100-1, 100-2, 100'-3,. 100-4, 1000, 1160, 1170: position information proi/iding apparatus
130: building

- 200-1, 200-2, 200-3, 1110, 1120, 1130, 1210; indoor transrﬁittér
210: radio IF '

220: external 'Syncﬁronous link port
221 external clock port

230: reference clock /0 bIock
240: digital Processmg block

250: analog block |

1010, 1308: antenna -

1149, 1150: region
1220: Internet

1380: memory card

0.



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0035] 5Wth reference to

t he draw ngs, the present invention will now be described based on an
ernbodi nent thereof. In the foll ow ng description, a conmon reference
nuner al 0%4&Q§B'ﬁ§w33i gned to the sane el ements or conponents. Such

el enent s ¢ onents have the sane nane and function. Thus, _
duplicated detained description thereabout will be omtted. [0036]

10<FI RST EMBODI MENT> Wth reference to FIG 1, a position-

i nformati Ty iqmm@ ' nbodi nent of

t he pr ese%?%%?ﬂwog%yﬁ Ee escri bed?Hll%%qu}FrgﬁgNgi agram show ng

a configuppagspn of the position information providing system 10. The
position informatton providing system 10 conprises a plurality of GP

S (4 aval Povith sefiérerge Sy sheediawans elhk ipke@sntlihilentiod Svill hibw Hel Bescrilied @aetion an
of which emts a signal for position determ nation (hereinafter

referred ¢mbakmeénobertohnilmdghes fojlowing) deshripteonf lay¢omgment referesdet mimegta @f code is
about twenty thousand km fromthe ground, and a plurality of position

i nf or mat i emigpedio diersgma Fhareatsugeeoniooents.t (SuthGlemenighencasoncs$ heveethe same
position information praoviding apparatuses 100-1 to 100-4 is .

gener i cal PAmernddpngiien. Tlhusyiiyy Cﬁé‘? detpiged degcrpiiondherpabopt widhpe omitted.

i nformti®ﬂ3 rovi di ng apparatus 100". For exanple, the position 20

i nformati %r ovi di ng apparatus 100 may be a term nal having a

conveyy i onal ot Lnation unit. [0037] As used herein,

the term" pogﬁﬁggﬁlﬁiﬂﬁ%w_posi tion-determ nation signal)" neans a
so-cal | ed " sgy; S| N f . i, "

o gnal " rond e aRREE ML LA Rt BRor AR bitvidhad Bl L pocolfig (g first

signal . ALhhiesigbntt ehkoble Qi RoveHESE Wit bedBedbtibdd. beFIBRCiDASELLAR PBRing a
exanpl e where the UPS i's use as a position determ nation system for

ease of expifighationns theGopities SRformaN@N bictihe sfdted BRP| TikaPbsitidnOirdiyhation
ot her satellite-based position determ nation system (such as the o
Gal i | eo oprotidimgoyatsm Henorhprissaballirality fYGP R i§lobpl0P&8]oning Systenr) satellites 110,
exanpl e, a center frequency of the positioning signal my be 1575.42
VHz. For ENahi?.d]3 sadpefoshich entjue sigpaldbr pasgtiquadstarinination (heraigedler rafgrraddo as
1.023 Mz, In this case, a frequency of the positioning si %?lal
becomes eqgsitioriag sigapl bhile Bying atan atitudecefabant thenty thoysaed kpyrogm the ground,
existing GPS Li hand. Thus, .a front-end existing-posjtiaqni ng-sj gnal
r ecei vi ng?th B lt:f_(%.Pg.SlPO%@ﬁgn?Pa&aww Rppisoes F0 Bl%@a‘ﬂ JEhct cich of the
diverted, S8 kbR SRR L e ta0lsEs 10-2'th Q01"E RO iY Rescribed, 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 ijo'sition
determination unit. ‘
[0037]
As used herein, the term "positioning signal (position-determination signal)" means a
so-called "sprf_:ad—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 where the GPS is use as a position determination system, for ease of
explanﬁtion, the present invention is also applicable to any other satellite-based position

determination system (such as the Galileo or the quasi-zenith satellite system).

[0038]
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i nformati on providing apparatus 100 to receive the positioning

signal, only by changing software for processing a signal fromthe
front-end-w thout adding a new hardware circuit. [0039] The
positioning signal- may be nodul ated with a 1.023 MHz rectangul ar

wave. | n tlHos ekbmplese,cehior fieyanapy eof thé pasitatiag cigasnmhy theer596#42i MHzheFor
sane as that of a positioning signal which is newy planned to be

t r ansmi exagple,na tspread ifrefuendy of the @psitieming eigealvmay fve Ho23 Midmi dy thisgrasd, a
using a receiver capable of receiving and processing the new GPS _
si gnal . fraqyensy;abihe postioningsigea beergiss gaualiy dat of afr/dy P Y\cquigitign)\signal in
A frequency, for the nodulation is set by trade-off with spectral |
separ at PBEXISERE GU8ildi hagdi ntlss adoptendpiisinginesitioningsignal regesving gireyit (e.g.,

posi 1 OPPS Bl FREEn e AR concht T 1 B (L psRornce a9l 55 Ao e posion
h itter 120..i h.of the (GPS .l i 111
115, 11Top P PR DO TR R oS e i bl by sotwre
-2 . , i . i an. h f
he” post Bkt P im AR R ARl HRRS AR 00

a | ocat jgagphere it is difficult for radio waves to penetrate, such
as a burlding 130, as described below. In the building 130, an indoor

transm tt errhd Ydsitiohihg atdnaChRg beOnadded wid 1. 00D VIS tredtdr@@lar GFavbheln this
buil ding 130. The position information providi ng apparatus 100-4 is

opel@bl easbofor egsnple, 25 datapdhaiid] divretd isthgname anithat ofl a fpositivhihg sighalosliich is
transmtter 200-1. In the sanme manner,; two indoor transmtters 200-2,
200- 3 anewlytplangkeé th heotranginitiadgs thef Lt band 2museangh Bredvé thegositiofing kignal using a
bui |l di ng 130, respectively. In this case, a clock tinme of each of the
i ndoor chaiﬁgﬁﬁcﬂnabﬁfs op geceving @gd 2progayging the Hewe GESk signale v (frequency of the
herei naf tor e referred Lo s aupund chock tigel). and o clock Lime, g
with spectral éeparation for avoiding interferencé with other si gnals.
15 [0040] |
A. trapsmitter 120 is mounted on the GPS satellite 110 to emit a positioning signal.
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 appéramsés 100-2, 100—3,“ 100-4 having the '
same functioﬁ as that of tﬁe position infonnaﬁon providing apparatus 100-1 is usable even in a
location where it is difficult for radio waves to penetrate, sut.:h as a buildiﬁg 130, as described -
below. In the building 130, an indoor transmitter 200;1 is attached toa c-eiling of the 1st floor
of the building 130. The position inforﬁxation providing apparatus 100-4ois opefable to receive
25 2 positioning signal emitted from the indobr transmitter 200-1.  In the same manner, two indoor
transmitters 200-2, 200-3 are attached to ceilings of the 2nd and 3rd ﬂt':uors of the hui_lding 130,
-respgctively. In this case, a clock time of each of the indoor transmitters 200-1, 200-2, 200-3

(fhe 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 '
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the GPS satellites 110, 111, 112, 113 (the clock time wll
herei nafter be referred to as "satellite - 12 - clock tine") my be
i ndependent of each other, i.e., the ground clock tine and the -

T ek £i . . _ ; : _
SR I AR B L MBS i o
required ﬁrﬁ? %@@?%ﬁ%o@%ﬁ%ﬁiﬂ&%ﬂﬁ lothed N Lﬁow&%& I’ihé’gatélfi‘tg c})or?k éimes of

satellite ¢ S 1S Cco an aton c cl ock nounte

respecti vige obg QlellitBCalRRudRl @ bi Eﬁﬁ:h:oﬁiz@& GRMMHABE oftRr.NeRfks, daBR o fRUARlite

| ook tinmes as the clock tinmes of the indoor transmtters 200-1,

200- 2, 2Qfock tiras 18 oftfdfed b3 atEHio GlucR Mhai@tbdWnt regpeBveObikest the 004 Zhtellites.
A spread-spectrumsignal to be emtted as a positioning signal from
each & tAeotdiagamdetipihs ppduntvioddRmaadseahd tlodstiines getheriadeed tlaysmitters 200-1,
nodul ating a navi gati on nessage with a PRN (Pseudo 10 Random Noi se)
code, The20Qeki2§@Binmy begsefagblyi syodhwoidsedoviticéachiother.dat a, orbit data,

al mnac data and ionospheric correction data. Each of the

transm tt[@P42]1120 to 123 al so holds data (PRN-1D (Identification -

Data)) for identifying the transmtter (120 ,to, 123) jtself or Lghe .

(I FS satel | | fSPHREMAPS sanat fohesmitiechss g nosilopingsumpl irom@ad) oftheriransmitters

position inhfor i on..praovi di n ar s. 100 has .data and a .co

bener at orotr bt onealilng® aSisrard by ostbleting doun Bt aikadhee aRilb Ay seudo
codes,, T QSi ;1 information providing. ratus 100 .i rahl

inr leopo aé‘%?%l ﬁ%@‘gi %/Olﬁﬁ'g p%agﬁl a?‘% inﬁeﬁsaégd%@%%s t% ?y""%e‘%”?%?‘ %g’a(%gﬁ d%g’ Gtmanac
af t er - neng| : g@féu 1.on: pr SSk G, A FUR L e ey 1R1ds d
pseudo r?ﬁ%?ﬁ‘ﬁé@% Coé%ﬁ@gﬁﬁﬁfa?ﬁ%ﬁﬁﬁégﬁ’go e pa%ithgf%&n?ﬁagg{)g}%e% ata
to a resppRN-N$ (M@ﬁtiﬂﬁ‘aﬁb:h@aid)ﬁﬂﬁ%&dtﬁ?iﬁg Qhe irthBrdfers@beltd IILSPitQf G the GPS
respective one of the indoor ‘transmtters, to identify fromwhich of

t he sat eldatelits ninfidethe Geeaitér(3EGMI IXBRrs the received signal is
emtted. The PRN-ID Is included in data of an L1C signal .as one type

of the pdéb43joni ng signal, to prevent signal capture/tracking using

an erroneous_code pattern which is liable to occur when a reception

| evellSi s | owl'h§ @ositipn dsfommatipanprovidingvapnarases 600 GRS dater apd jat eqde gengrator for
configuration of a transmtter to be nounted on a UPS satellite |s

wel | Knov@snersing 2 Biarajity 96 tyees| pingseyfo ardoay mPisg Lodes- onlhss Pesifion wmiformation
unted on e UPS satellite will .,he descri bhed .bel ow

Ench of (R PERERREe) 0 FATersbis in Tapoisa D1eceifiig b SRAHS B e perform an
clock, @ AN ARERIALFHRLIAN! NGLPL 10 At 38 Bh8m noie ode

circuit, sing Ci g
(psendo 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 iﬂdoor 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 pattem- which is liable to occur when a feception 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 6ut1ine 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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positioning signal, an encoding circuit for subjecting the signal
generated by the processing circuit to spread-spectrum encodi ng, and
a transmtting antenna. The storage device stores therein the

navi gati on nessage i ncl udi ng epherreri s data, al nanac data of a

oot gl o 4%}1‘%%%@%% R AT SR
gener at giai OSBRI AAESAEoa5! A £1OGKnhIPBEAT "B 9@6@%{@ ddSstores

the trangdghih RS savigdlod ﬁheés%ée m@lu@ﬁ@%ﬂﬁeﬂiﬁﬁ%fﬁ‘ IHaRg @é?&igfzpi%ﬁe%ﬁ@e BﬂH of the

t he spread-spectrum 10 encddi.ng .i S pro-defi:néd on
t ransm tGrey saylitkd aasiGhdspRericBfre&ion data0hiPthe PRINUID, the code pattern is
different on a transmtier-by-transmtter basis (i.e., on a

satebll i f@343y- satellite basis). The encoding circuit is operable to
spectrum spreadi ng the nessage using the above pseudo random noi se
code. Each Tfe pioeessingnaminit tie rapeikBle toogdaRBité¢ an oegoaly enckwige,oming clockdime
encoded signal into a high-frequency signal and emt the converted

si gnal tefomuation fopathe atonzc cleek,end therdatrsttard trfhe siorege 46{10047) I n

t he above manner, each of the transnmitters 120 to 123 enits a
spread-&%@ﬂrum si gnal causing no harm‘ul interference with that of

t he remai nln transmtt S|n no. harnful jnterference" can
be guar ant eIB % Wl'?fﬁ? g'{ﬁtq ]&3@']‘ P?eP og JloLs c8dg patter &Qﬁjﬂ -speciruim

f hi
sepdPat o ereeé%?e'd%ﬁ gt éa%saéggﬁtﬁ, Rl QHEPraB wBREC i Bpge pattem
b f * L bapd: h

of T 4 Sferdf R o "ORGRHEIR Bon SR GOesls (Lo iCs e 8{5%2%@*‘?%%1’% The
posi ti orh& iy GRalt ideydritle E%e@tﬁﬂﬁsﬁr@@cﬁh@ﬂféﬁn&h’a@ @mgeﬁéia&%@géﬂammdom

cormmuni cation scheme.” Thus, even if respective positioning signals

transm nbiselcéded MRabicoftaE ehisiiggrs A2@ty EX3ak vpstatily tacoh®ere thenficdded Gignal into a
100-1) of the position'information providing apparatuses, they can be

r ecei vedighifrdgoencysignal aigl bt the tenveaed sigeal ve bliciespade ia thertrangGR€Bih antenna.
In regard to a positioning signal fromthe indoor transmtter on the
grodhd, [(@Mdh of the signals fromthe plurality of indoor transmitters
can be received w thout causi ig interference wth the. remaining

signals, i ﬁnt% abOyRanFRIAh SAchael g dransriticRel 2} ignkddsomifah spreid- ‘éRfCWIBrﬁgﬂal

the - 1%aﬁsmg no l | Ii‘::u? mterference with that of the remaining transmitters. The "causing no

harmful interference” can be guaranteed by an output level limited to’ an extent causing no-
interference. Alternatively, it may also be achieved by spectral éeparation techniques. The
20  spread-spectrum signal is transmitted by a carrier wave, for example, called "1 ba_.nd". For
example, each -of ‘the trans;nitters 120, 121, 122, 123 maj( be’,_cpnﬁg_urecli. to emit a positioning
signal having the same frequency by a spread—spe_ctrum communication s.chemc. Thus, even if
respective positioning signals transmitted from the satellites are received by a same one (e.s.,
100-1) of the‘position i.nﬁ.)rmation providing apparatuses, they can be received without cauéing
25  interference with gach ofher. '
{0048]
In regard to a positioning signal from the indoor transmitter on tﬁe 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

- 14 -



[ 0049] [ Hardware Configuration of Indoor Transmtter 200-11

Wth reference to FIG 2, the indoor transmtter 200-1 wll be
described below. FIG 2 is a 5 block di agram showi ng a hardware
configurg&aeg:of the indoor transmtter 200-1. [0050] The i ndoor
transmt 00- 1 conprises a radio (wireless) interface (hereinafter
referred mg_gs "radio PP") 210, a digital processing block 240, a

ref erence CP ck i nput/output block (hereinafter referred to as
"reference qimakaldCodlgtiioh ofBRos! Baiinaldop. gonnect ed o the

digital .10 processing block 210 and for supplying a reference cl ock
for an oper aviteref@tnaac FIG. 7, Cid ihd®e Glahiitterell0aN®iing: dsaited deidg. bIFOGK is a
250 el ectrically connected to the digital processing block 210, an

ant enfia bhok dagowmibhostirrd hardwirk gordfgurstion ef tHeonddoe tramsalitiey 200dcessi ng.

bl ock 250 and for sending out a positioning signal, and a power

supply (0@50shown) for supplying a power supply potentral to each
section of the indoor transmtter 200-1. 15&0051 The power s

may be | ncorT;b@ rl%rtoea trapsopifier 209cloepmprisen psafie {wirelsighinterfage (hereant%a gsprred to

boncr 11 6 SRk, < GO Morcting Wk T e SeiPsREs Hiodk (Su Pt pock
dio 1/F 210 o I f

desi gned @eaelretear%st%ﬁtoiﬁ S R D P B 5 the i

nece§§ar rocé&{s@@)mclictﬁgfaﬁ) ggéplﬁ{lggééﬁfggceoﬁé&%gl eel%%oﬁ oP ERA  Ahit section,

(firmvar near conmuni cat ion

such as ﬂt‘dﬁ&lﬁ@&ﬁbc@&f@dﬁ%{ 530 el@EtnEﬂﬂr' &n@&@ﬁ‘fﬂ GRdignd pr &Hﬁﬂa&aﬁo&‘@lo
(Per sonal y- phone "system or a nobile phone netvvor 25|

Based onabtinar @6 sholwhl cRi@icallih@nnadadio the ansos pioeess2@Mbidcki xsoadntiqmegbndmg
to change a setting parameter, such as position data (data indicative
of an i nsttad pcaitmmmgstmmt,|amhapbwbﬁ@pphydnmshbwahﬁmuﬁp@nng?ﬁ)ﬁeﬁ@r suppl @otential
transmtted fromthe indoor transmtter 200-1, or change firmwvare so :
as to copeeagh seetign of thedndent trasmittani268dli on scheme, even after it is

|nstaIIed on.a ceiling or the like - 15 -
' 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 interfetce, and designed to receive an
external commend, and receive and, if neceésary, transmit data about a setting parameter and a
program ("ﬁrmware, etc.) from/to the outside, by near-field communication, such as Bluetooth
(trademark), or radio communications, such as PHS (Personal Handy—phoﬁe 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
transmttter 200-1) to be transmitted from the indoor transmittet 200-1, or change firmware s0.as

to cope with a different communication scheme, even after it is installed on a ceiling or the like
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in an indoor ‘area. [0054] In the first enbodinent, it is
presupposed that an. interface is a wreless type., Aternatively, in
cases where a wired interface is advantageous even in consideration

of wiring to 5an installation location, time/labor for installation,
etc, thepptigddorGRamy be a wired type. [0055] (Digital Processing

Bl ock) The digital processing block 210 conprises: a processor

241 whi cfpos4) operabl e, according to a command fromthe radio 1./F 210
or according to a-program to control an operation of the 10 indoor
transm tter [i20fe Lfirsh dnffddioRand dmisiagesagpddedothy) a4 2ntedfiice hisstaowd®less type..
therein a programto be executed by the processor 241; an EEPROM

( El ect r oAlterahtivelyEimsatd whdte o gimdimbifae Realradagepud/evenriy porditBrafion of wiring to
storing therein a setting paraneter and others as a part of data from
t he riadi @ ipptaliation l@paflpr@sltmuqﬂﬂbgrfmblﬂ@oga@t@ the inteyfacevmar boamissd type.
referred to as "FPGA") 245 which is operable, under control of the
processol;0 21, to generate a baseband signal to be sent out from 15

t he i ndoor féqgﬁ?l tter ng)é an EEPROM 244 for storing therein
firmvare of 04¢ a part of the datafromthe'radioI/F

iéﬂveﬁ‘{‘gr% e glefef B8 ﬂ%ﬁgf’rcié?‘lé?s%m%“erS'%ﬁﬁac%%gr "G hikefle Bhhaing
UL DUt R 0 2N R0 o B B LSy BGRL00:

di gi {al RAQGRRIABPIRLK 2HAM R686th 'P&Hés@@/[&ﬂor??@@f@&@h oidfed thuéif A prdgram

a source of a signal to ‘be transmtted as a positioning signal from

t he i ndo@rbd eacamsit be the? Pfdcdssof41: et EEPROMIi (BlccabnipiligCERSAYNE Phd@adsmable
240 is configured to send out the generated data to the anal og

pr ocessi RepdoDuly M&h@y) 243 foestbongrthefeitna bittingsparaaeter 4rdQfivers Maﬂ"mﬁdgta from
not particularly limted to the follow ng, for exanple, up

appl i catthomdid VB 3ra fiakd pregranpahlogise anrayelhereinafien refaied te @rﬁFQGeﬁr"éadli yhich
t he EEPROM 244 is | oaded, on 'the FPGA 245. Information_ (bit %
dat a) ofisCRaable, wader ‘éonﬁbe%ﬂtBﬁP’i°§e$‘E¥a'%5‘édtooﬂ?nﬁaﬁ?cﬁﬁﬁsﬂﬁﬂéﬁg&ﬂf ?rsfmout from

d.of SRAM.( S Ra 246 hi he EP
o s e Faet e 2DhaS s BEROM TREbY biofg s Bty e of e FPUR 205, s
| nf or mat é]gzﬂt SAHE §5a % fe FESHE '21(5;93119?1 (ﬁ‘ﬁim/gﬁ/a?& (%rﬁv&lfb? (ﬁeré]gaﬁer referred to as

-"D/A converter“) 247 which is operable to convert the baseband signal output from the FPGA

J

245, into an analog s1gnal and give the analog signal to the analog block 250.
(0056] |

20 Morte specifically, the digital processing block 240 is c_onﬁgufed 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 conﬁguréd to send out the génerated data to the
analog pfoc;essing bloclg 250 in the form of a bit stream. | |
10057] | . _ o

‘25 | Alfhough not particularly limited to the following, for example, upon application of power
to the FPGA 245, the firmware program stored in the EEPROM 244 s Toaded on the FPGA 245.
Inf(;nnation (bit stream data) of the ﬁnnware' program is loaded on a configuration memory
composed of an SRAM (Statlc 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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FPGA 245, to allow a resource provided in the FPGA 245 to be
custom zes in such a manner to achieve a circuit specific to the
firmvare program As above, the FPGA 245 has external configuration
data without relying on hardware, so that high versatility and

{1 exi bi | iyt £ B oD LSYEHroe AN te 154 BES 10 DB, MAZESE Aet2hadRe to

operabl e,” according to an external conmmand réceived fromthe radi

210 and %@1@% Qi ApSlife ?@tﬂ@ﬁrﬁkgﬁﬁgr 243 du8vSRE $PEME 245 has external

following data in the SRAM 246 , as a paraneter to be set

for the igdRAratidrod@awitheht RBnglon hBARAte, 50 Mat HsEdetsATiEle ad PREiBHEL an be
2) Transmtter ID 3) Transmtter coordinate 4) Message (which
I s formedchisvddne sanme format as that of the navigation nessage from
the satellite, through the FPGA 245) 155) Digital filter selection

par anet er[0058]As described later, 1 Mz, 2 Mz and 4 MHz band- pass -
filters (center frequency: 1575.42 MHz) are pre-progranmmed in the

FPGA 245. Thiuthey, dhampcessar28t iseeesbls, seroptingivamnarterial compandireeeived from the
sel ecting gne of the band-pass filters. 60] 20A program for the

[ 00 .
oper at i orfade Wl Grandhasadopn data stozedainghe BEEROM, 243 tp storé, thepfedtoyig slafa in the
U ti ti f the ind t 1t 200-1, thi X [ d
R e R R S e T

st orage ise for storing therein a programor data is not limted
f

to the E 243 or
10 1) Spread code (PRN code)
2) Transmitter ID

3) Transmitter coordinaté
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
paraméter 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.
Up'on 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 describ_ed later, the
storage device may be a type capable of allowing data to be written therein. A data stracture of
- data to be stored in the EEP_ROM 243 will be described later.
[0062]
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25 the EEPROM 244. The storage device nay be a type capable, at

| east, of holding data in a nonvolatile manner. Further, in cases
where data is input fromoutside as described |later, the storage
device may be a type capable of allowing data to be witten therein.

A data strugindlog ReéceddfigBlookje stored in the EEPROM 243 will be
described later. [0062] (Analog Processing Bl ock) The anal og _

pr ocessi ng Bieoalald@@5irocessiag blod t56ds confipmed @t moduldte 3763254@HGEHE gamice wave
wave using the bit streamdata output fromthe digital processing

bl ock 24Bingtthe bié nlzgam data ovtpahSemtthe dighplgmadessing Hlosk 240,00 tzendsate a (ransmitter
transmtter signal to the antenna. The signal is emtted fromthe 5

ant enna.mqneb@sﬁ send obt hes ansiiteradignpl to the guisnaoutlpatsignabis emidtedy fiom the
converter 247 of the digital processing block 240 is up-converted by
an up- cHiF8R*er 252. Then, after only a part of the up-converted

signal i gi ve frequency band is anplified through a band-pass

filter é 253 and an 10 anplifier 254, the anplified signal is

up- convert e n j T ‘ ar.t. of .
p- conver t cdolssRBAURL: 3B Wikt oo Rle DA cier o487 of Wil rgifoine
(Surfacey id G- MR Yied 1 ; Ct j i é%qpﬁﬁ Y

into a 3103%%4%%@ ng a f)&r 2%%?2? %B%ff%{%ng?l?% fgpgm\%?rs% abl e ﬁ}?gonverted
at t enuatsgialin’ a 3ive &eqitincs WMahd his &E%Iiﬁam@hrbﬁgl abizabpest Siteh@PH)S253€id an

out fromthe antenna. 15[ 0064] clock for use in the up-converter

252 1and airipéi fieg2elp theaniptifie® Sfgnalds gpoaiatiedbpyn aplednvettyd 265 dehim. cThek aftera

supplied fromthe reference clock I/0 block 230 to the FPGA 245,

t hr ough partmfl the pipiconv@gd. sifid 652 2oSe fiequapcy fband spextrdcted beudtAWolSurface
the variable attenuator 257 and the RF switch 258 is controlled by a
cont r ol Asoystisl Wevonilidie ther exiraets® sizpaliis\gogvarted ipfoansizng hayhg Rpredeferained

258 i ble t tivel h [ | __int ity.b f
co- cal | SHo IR TR < BT DRSS, H Brbieiel SUa Bt out
257 and&iﬁ)he RF fl%witc_h 258 operates as a part of an after-nmentioned
"funct i SWOECHPI %I 'y adjusting |/ Q nodul ated anplitudes .
i ndi gi dﬁ(%éz% 25[ 0066] In the above manner, a signal hawving a
confrguration simlar to that of a positioning signal fromthe

satellite ig ggit tgdudd ﬁ_fntﬁé"%%:jcﬂﬁi@hﬁ’trer tsaNSH HeCtip-28Rreder R85 tibi &en&@gs. by

a content of the signal i's nol exactly identical” to that included in
a posi t in@iHipl¢ing e@bckestibpliidhirdrh €8 rofefensétiobl ODblodR B3 00y BTG D44 higrough

signal to be emtted fromthe indoor transmtter 200-1 will be
descri bednil&plér 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 t_ﬁe FPGA 245. The RF swifch 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
aﬁer—menﬁoned "function of variably gdju_sting I/Q modulated amplitudes individually".
25 [0066]
In the above 1-nanner, 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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- 18 - (FIG 8). [0067] In the above description, the FPGA 245 is
used as a processing unit for achieving a digital signal processing
in the digital processing block 240. Alternatively, any other
suitable type of 5 processing unit may be used, as long as it is
capable Fg?ﬁnging a nodul ation finction of a radio (wreless) unit
by means*o ftware. [0068] In FIG 2, a clock signal (Ck) is
suppl i edrgdg74 he anal og processing bl ock 250 via the digital
processi&g bf ock 240. Alternatively, the clock signal may be directly

supplied fr Qﬂﬁé’%o&@dé&ﬁ%ﬁ&“% @cbas 300sbh 98 K prodBssird dnitSroARMidhg a d1g1ta1
processing bl ock 250 In the first enbodi nent, the dlglta

processi gigndll @d@ss’iﬂ@m&ﬁé dtéﬂel ?ﬂaésﬁﬁ g Blcek 236 nAlt&hadklyy 5@y ather suawle type of
a

separately, for t he sake of rifyirng the illustration. However, in

a phySi catocesprgainit ntdyehe used; abongiax #dd gapatiie of ddinging a nsodofpkion ﬁhicp‘»on of a radio
15[ 0070] (Reference O ock 110 Bl ock) The reference clock 110 bl ock
230 is comirelgy) edt bomeanspk yofbwast.ock signal for governing the

operation of the digital processing block 240 or a clock signal .for
generati BP68] carri er vvave to the digital processing bl ock 240. 20

Hitce o At ot ST
AT A s T RO
synchgon Péf&ehderﬂfoo?Wd bi6eP23 R th 4 log processing block 250.
' [0069]
In the first embodiment, the digital processing block 240 and the analog processing block
250 are shown separately, for the sake of clarifying the illustration. However, in a physical
aspect, they may be mixedly mounted on a single chip. |
15 [0070]'
(Reference Clock I/O Block)
| The reference clock /O block 230 is configured to supply a clock signal for governing the
operation of the digital proéessing block 240 or a clock signal for generating a carrier wav'e, to
the digital processing block 240.
20 [0071] |
In an "external syr‘;chrénizatiqn mode", a driver 234 of the reference clock I/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. |
35 [0072]
Further, in an "external clock mode”, a multiplexer 232 of the reference clock /O block 230
is-operable to select an external clock signal given fo 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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Further, in an "external clock .node", a multiplexer 232 of the
reference clock 110 block 230 is operable to select an external clock
signal given to an external clock port 220 in such a manner that a
clock signal is output froma PLL (Phase Locked Loop) circuit 233 and
suppl i ed00]t he digital processing block 240 and others, in

synchroni zation with the external clock. - 19 - [0073] In an
"internal clnoak"intedel] clock enave!,tthe heltiniex@s 232 of theerefaéree ehek 160 dbidck| 230 is
bl ock 230 is operable to select an internal clock signal generated by
an i nt erapgrabld tosrlegfemdntamel clodksignel senerated biapitereal glocl senesiRr 33 lginguch a

is output fromthe PLL (Phase Locked Loop) circuit 233 and, supplied 5
to the dPgineathats dleeistiend ispubput fonpthg RYLIFhse d-ocked Ié-‘g‘i’ﬁ}:ﬁF%lﬂfigz%gtaP%ﬁuPP ied

with the internal clock. 7 An jnternal. state . 9., " PLL
Cont ol 1o SHET PEeeRie HomioRP Fod e PegayDen o R P Flgrk: he
radi o I/[B .%éo, based on a signal output fromthe processor 241. A
digital |9| t/output interface 260 nay be configured to accept an

input of a goda nafhar S?’lgl; a?%ﬂ%%Uﬂ?ol‘ & mr)quﬁﬁrgdo%p 1 ttérYhay be monitored

spread- nodulating a si e emtt om the 1 ndoor tramsmitter
200-1, Gforh AR radidiLE 21050480 ol %igdel SRR it 8 phdteRBFE 891, qeodigﬁm%p@cfoutput
additional data to be emtted fromthe.indoor ‘transmtter 200-1." For
exanpl e, infelfecesiti hapbatordRiufdTanciepe huput 65d colRtpattémagiatpsemiciahddm noise
indicative of an installation |ocation of the indoor transmtter

200-10. Iwode fisepreadvarodulatieg & pigoairio be emited thoar th2 iobr transhmiger0Ddd or the aadio
commerci al area, such as-a departnent store, advertisenent 15.data
may be ilAp&t0 nay detdealiguretbtsr aacepirmorinputent additional datn tothe emiiited ifigpathe indoor
data. [0075]. Wien the spread code_ (PRN code) pattern is input_into

t he i nddensmitlgh APl edfopguample; thej addjiional dafaj may pgledeeterh éataa@eat% data)

the. EEP. %43. Sulgns ugnt ,.Ot h ﬂ\le tt(?r. " PRN: P I > i ncl %ded i ne ndoor
posi ti oA Ephan ! il ; [FIGHRAROT, L+ el gasevheRe Hednd

i EER i« . 6] ..
[oata sopiplE 260 AEERttsA 2 a BRPRARCaRE Bt KEF BbartiRl sicho fiiment
fMF-"’l ::l'sg‘e dgta-lﬁa. iﬁp@tﬁf&%&%&o&f&aﬂﬁﬁﬁt@t RE 8 R RbitbRalldde, EEPROM 243

escri pe Oow.
[0075]

When the spread code (PRN code) paﬂern 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 ﬁositioning signal. The additional data is also written into an area reserved.in the

20 EBEPROM 243 depending on a type of data. o
[0076] '

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

With reference to FIG..3; a data structure of data to be stdred in the EEPROM 243 will be
described below. “ |

25  [0077] _

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

[0078]
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25[ 0077] FIG 3 is a diagram conceptually showi ng one node of "data
storage in the EEPROM 243 provided in the indoor transmtter 200-1.
The EEPROM 243 includes a plurality of areas 300 to 350 for storing
data therein. [0078] In the area 300, a transmtter IDis stored

as a nunber 1hqfe bASRLOS ¥ kABnAd TONS MdrdEhs 2 RRMLEBI R trapsmitter. For
transmtter 1D may be a nunerical character and/or an al phabeti cal

char act efexarfipleathe @iabénfiati Mok 66 @ Humeyibdl atasteMindidren alphaBett@NEHayacted, or a
a nonvol atil e manner during production of the transmtter. 5[0079]

A PRN- | Dcombmatiqr thactof, edéch iPRMten de) mesmiginedndngolatile amaasduningtpesducson of
stored in the area 310. A transmtter nane is stored in the region

320 in t Weetfanspmittsf. t ext data. [0080] A spread code (PRN code) pattern
assigned to the transmtter is stored in the area 330. 10 The spread
code pat {849l assigned to the transnitter is one of a plural finite

nunber of cod atterns ich are selected froma |arge nunber of

code patter rﬂé‘%B&“h@{%ﬁ”&Q Cpﬁ%ﬁ’é‘iﬂr@d@bﬁ%w%t%e {rARSTIRST 13 ﬁgregbr} Q%Q@rea 310.
code patterns for the.satellites an rre-assigned tp a position

o or et o PR arg CELin bEaRthn] i BeaRE RO e of t he

pr esent im tion. Thus, the spread code pattern assigned to the
transn‘itl[er is different fromthat assigned to each of the

satel lites. &%&Qgﬁ%de &Pkﬁ-r&ﬁdéy:ﬂgﬁ&?n@%ﬁﬁﬁ &a%e%qgmlg@ﬁﬁ §648)in the area 330.

patterns assighed to the posi mat i on providing systemis
finite, vwherspaRsdichee Bh&gi’@%ssﬁ)%neﬂ RO trhhisMIBER Gl SofVApuRS fHREeRNHIHES of Bode
a size of aninstallation site for each of the indoor transmtters,

or a str pattanewhich tleeseledt dlohbd jaége Miniter 6f fkle puidies baddngdidOianbe sineavategory
buil ding, etc.), so that the nunber of indoor transmtters is |likely
to 20 beesitet gf vt preatiivade phiternsofor theesateblites pat prerassignelitns, pdsttmndnfosmation
possibility that a plurality of indoor transmtters have the sane
pseudo r @Fctétng systam sesgedipgtor asr embodiment jof theapreseniinventiona| Thusi g spread code
| ocati on of each of the indqgor _tr%nsrritters hayi ng t he sane coﬂgﬁ
pattern WaYEBassied i the GRRTIYEFTE Aidisreat ram tb@rtaﬁﬂgﬂegfto gackiof hgisatelitgss

- makeé it @gzl ble to prevent a plurality of positioning signals using

t he gma [g do random noi se code pattern from being received by a 25

sanme one of e_nasiti i.nf rgﬁ(g,' vi.di I ) t. .
same tim ng’]‘h{goﬂ'ggi dfo@ﬁéc?gi %do gat%#grp_a&edentl %&gggo;%gipﬁgﬁgﬁlaﬁ%?\mn
| ocation ?Uvi&iﬁ?s&sﬂﬁ?ﬁrﬁlﬁ{e?ﬁﬁéﬁﬂs?tﬁé G briiodt Rhcthitidds Viifes ALFEAIRE0n a size
For exam?l e, the position data is expressed as a conbi nation of

| ongi t udef ah RistatibtilR S@dorcdath MR indobr RARINieRE) of 8 sPlcthd oPIRGHstAftibN Gte (the
position data, a mail address/buil ding

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. Tims, .there is a possibility that a plurality of
indoor transmitters have the same pseudo random noise code pattern. In this cése,— an
installaﬁon-location of each of the indoor transmitters having the same code pattern may be set in
consideration of an output of a sfgnal. This makes it possible to prevent a plurality of

| positioning signals using the same pseudo random noise code pattern from being recei.ved bya

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 exémple, 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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name may be stored in the area 340. In this specification, data
capable of identifying an installation |ocation of the indoor
transmtter 200-1 only by itself; such as a "conbi nation of

| ongi tude, latitude and altitude”, "mail address/buil ding name", or

t he " corfaainbp beodtoredrigitheldesd 348 | Tniclds apetifidativh,udiea capublaref lidentifying an
address/bui l ding name”, wll be referred to.as "position-1D

5(i dent ithstaltdtionycation af thd B8R transmitert208+1, ordy iyl itself, sehesta toombination of
paranmeter for filter selection is stored in the area 350. _AI_thou?h )
not spedpagitde,/lstitndadndedtitude”; traaif asldreswbwidding hamel ewihg spmhigatios of longitude,
configured such that a filter selection paraneter "0", a filter |

sel ect i dAiBdE apdiabifude; “and ygaih adprepsdhuikimeepamen Willr bevitfared o ag,"gosition-1D
assogi ated, .respecfively, with-"1 MHz", "2 M_z" and "4 Miz" to be

sel egt ecfldggﬁécéﬂg’\% fs of the band-pass filters. [0084] In FIG

3, each gég he PRINT-TD, the transmitter nane, the pseudo random

noi se C({- attern”, the position-1D data and the filter selection

P o Ve 21t o AR GO bR iy BRR B 16 B ik nd RS TABoueh
A Ci I CUigy & ec%aﬁgvhinﬁv&dtob&etfaﬁm%ﬁ ; .1%45}@% bk@%ﬁﬁB@?oﬁ%ﬁiﬁu& Wi b filter

be described bel ow. [0086] 20FI G I's a finictronal block diagram

for explsgichidiOpaRai@B 100U4 FteOf]dtioR paasieled ! DT andAb f1térQi] 0B hahmber 8" are
baseband signal of a C A (Coarse/ Access) code as a positioning signal
supdli maesetiednrespectivelpanith (1 5M5z"4 22 MAE)' anfl "a MEHeT ioche sobeved @b bamdwidths of
exi sting GPA signal, or a baseband signal of an L1C code as a -

posi t i onthebpndipgsefiitassed in the LI band of a new satellite-based
position determ nation system (such as the Japanese quasi-zenith

satel |itlB0&stem 25 in conformty to a signal format thereof; in a

Fol | owi ng. RELT pEiditie FRSED, ke Soa¥ i e, R soHo TREOI Ao bitser’
5 2 B RS R SR P o
modylsat ipRuoK Ve Mdid 1R 2508 nfnfiffied b098, t he fol | owi ng
[0085] '
[Configuration of FPGA 245] _
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 modulatbr 2454 for
modulating a baseband sighal of a C/A (Coarse/Access) code as a positioning signal
superiinﬁosed on an L1 band (1575.42 MHz) of a catrier wave of an existing GfA 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] | o
~ As one example, the fqllov;ring 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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- 22 - description, a nodul ation schene designed to convert a
digital value into an analog value is not limted to the BP SK
nodul ati on and the QPSK nodul ation, but may be any other suitable

S e, S LR B 0of Eng 8o 08 e AP GRI HAR g vt o
conf i gur afii,g (S IRHEKEEK deLH%nSQ{HEth%'m hOIEHRE! bEPRRE ey AR Rrable

an | -phase signal and ase signal, a resulting nodu

becones emémghgﬁévabgb@hgeﬁﬁmdul ation. Based on this concept, the
circuit is configured to achieve both the BPSK nodul ati on and the

QPSK noduft@gglon. Alternatively, it nay be programmed to form an

i ndependent circuit on a 10 nodul ati on schene-by-nodul ati on schene-

basi s,5 depen@Thagonfigwhiiah ibbsttated mOdIGatd dn fendeareatlly sa aQRSEveddidgtor-based
t he nodul at or 245a. [0089] Referring to FIG 4, the nodul ator 245a
conpr i sescanfgurREN.c ddewevisyiifthe seme gigaal 12m@¢r1mac$edmaepcle@|f arol-phagepigeal gnd a
PRN code stored _ in the EEPROM 243 and store therein the received PRN

15 code, Qr&#a%%gl%@srag%t%@dql@gm#émesmewalem@gh%%%Ka&dpliaéant oBased on
receive, froman after-nentio ssage- dat ni, t o
message- d@isa"‘ﬁ’é?@r tei %Wuﬁn‘ﬁ tcoéﬁggg \o (4 gﬁ?gi& atf%’ f’H’EB’e éP SK
signal for de Qr L%C code tore th

Fecer ved hgBuafls. (DS dyfBR Havobe axfdafinef P B fo ' iBiehdal Ygpit on

in thg 3 0 e e e -
regi st er S %&%221.6}%[& %Héﬁl&{gn % isn%r P%‘; %‘ég%agﬁg %e@gyesggge modulanon
stored msc%QIQQB@ECHJ%drE%E@ﬁgdﬂ £r45301 sters 2466, 2468 in the BPSK
nodul ation, or two types of different data, i.e., data for the |

phase and[mj@g]a for the Q phase, are stored in respective ones of the

-message code registers 2466, 2468 in the QPSK nodul ation. 25 M91]
- The nodul at oReffie th FIGHE themopulateeB4Saaonmptibds pivo @RN2eH8 régisters 2462, 2464 each

mul tiplying time-series data read out fromthe PRN code register 2462

by ti me- satapied tolaccaive @RS wodd stored il éhenlBSRIOM 2Gdmdrstge dteesin thegeeeiced PRN
mul tiplier 2454 for nultiplying tinme-series data read out fromthe

PRN cbte faslgi sndy tvoy guespiget Pods. segisters it 7468d ewslk afanipd (iperepges affem an

code register 2468; a |evel control - 2
g ﬁer—mentwned message-data generatlon un:13t 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] ' ’

26 - More specifically, the PRN code set in the EEPROM 243 is inpﬁt from outside to each of
the PRN code registers 2462, 2464. Fﬁrther, as described above, the same data is étored in each
of the meésgge 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 2406; 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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circuit 2456 for changing an intensity of a signal input fromthe

mul tiplier 2452 under control of a |level control signal LVCL fromthe
processor 241; a level control circuit 2458 for changing an intensity
of a signal input fromthe nultiplier 2454 under control of a |evel

control cat@hdsecehahERgah Mtelit9©es Shaldfdut El'e'ﬁit(lﬁ fer 2857 848 control of
Rays) filter 2460 which functions as a band-pass 5 filter of one of -

t he. banawevl bent®e kigailddv Oy froleahé plokcessorsBi1ea ldvelcapabbeiinit 24 5 8drithanging an
respect to an output fromthe level control circuit 2456; and an FIR
filter 2at&Bitylof alsighalnioputdrsn fe raultiphia-2484 snder kbmrol of a devel aintiohsignal LVC2
bandw dt hs sel ected by the filter selection paranmeter, with respect

fo an odtoputhefpregesson @41 cancFIRcGiat Indtared Rays) filigrZ0 Wincle fjnctiofas a band-pass
nodul at or 245a father conprises: a clock circuit 2472 for generating

a m)ﬁul élétpla?f qnépétfl@rbf%d‘ﬁlﬂ htﬁelé‘é}fﬂbﬂherﬁétef %ﬁlqcﬁ@/l B%rgrr?aﬁetwﬁthrfﬁ%p,eﬂ}lﬁ@ﬁ@utput
i . . 230, -

Cabl o 2977 HieLetiol PRgis SoFeetd For Rl 296t BisaaRsignt & a opacbaes e

S onal - SReret e R el AU e ot pafined, v BRI el Horm

2464 fo Irw!, I I izgnal equivalent to 15 a sine wave output
fromthgh ooe&%ﬁéqlg%?@%ﬂggn by a signal fromthe FIRfilter 2460; a

mul ti pl ';@192}2466 for multiplying a signal equivalent to a cosine wave
output fromthe | ook-up table 2474 by a signal fromthe FIRfilter

246320 an adu@rmadbfod 45aa@ethe1IconGHREs o MEckStiedal 7b riﬁffgéﬁé?ating a modulation
mul tipliers 2464, 2466 together; and an output buffer 2470 for

buf f er i ngeranceotldghuitoriforming tethadiignal 2363t daskd ot thetcldchaidel fremettle reference
output to the DA converter 247. 20 [0093] Data included in a

si gnal oletlhdO blogkn23he 2 toduiptable 24Bh farcoutwting vespestive datgrcopiponding to a
fornmed as foll.ows. [0094] [Mde for Qutputting Signal Conpatible with
Exi sti n§reepsing yeus pud | preseh sesingiave @ wrveces en doheseguedilatinn signal and a

0 ”el" %n%%%ﬁ@%g%ﬁ&%%%ﬁﬁ%iﬁﬁ ;ig%agg@z@ iagacigal fpelent o
' t ' E 5 453 i o
ifp%?%lb? 2 oB oGl BT oot IR s aibefa/sl L, PO 1o AL 8¢ ighS mutiptcr
Cr S Cre oY Sy g s SR Sl alch B SAUEE I il A chd By ovie 274 oy
As usedahggmi Trork HRe PR Milter2M62; anCAIMRALYES GorS hiRE TedfBARR Bo®ldRim the

whi ch has a common signal format with another signal and thefefore
al | ows anitidieisvBiod] 0466 agether; tang ranUaitig Bufier SATE fdrr uiteri@f tin Wiitdut from the
adder 2368 and output the buffered outpﬁt to the D/A converter 247.
’ 20_ [0093] | ‘
Data included in a signal Qufput from the modulator 2453 to the D/A convéﬂer 247 is
formed as follows.
[0094] _ _
[Mode for Outputting Signal Compatible with Existing GPS Signal]

25 In cases where a circuit configuration ié formed to output a .signal compatible with the
existing GPS signal (i.e., a signal compatible with the L1C/A codé: L1C/A-compatible signal),
by the firmware of the FPGA 245, the modulator 245a is operable to Iﬁodﬁlate 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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[ 0095] [Mode for Qutputting Signal Conpatible with LI C Signal:
L1C Conpati bl e Signal] The follow ng description will be nmade
about cases where a circuit configuration is fornmed to output a

tS Ihg n E :DGA FE%@'&)E(?%% 5‘%:”‘ n?e'an ﬁggélga{;}ﬁ}: h%ﬁf?e 9([11%% gﬁ rafé M@h%ﬁﬁlep gignal and

‘satel it egéfekdre Bty d &Eélyerqg%%&'vpﬁfém n&? thl s&]§fr&ﬂ%d Lhem t he

satellite is QPSK-nodul ated.as nentio above, wherein a pilot 10
si gnal fofoogsipture by a receiver (capture-assisting pilot signal) is
nodul at ed and superi nposed on a 9-phase signal. The Q phase signal
has a hi gher [Medefor Cgmitaug Sigmah@smpatitdnaith by CHighl: [F-Chepatibée Signal]
navi gatton nmessage i s superinposed on the |-phase signal. [0097]

| The reason whle followingndaseripting siill thie mypdpiabait caseg mélkerel ascivuil eonfiguaied i formed
‘the Q phase si ?nal is 15as follows. [0098] The C/ A code of the

exi sti ng 1OPSEEE g pighalicompatiileywith ag bAC sianpk gecotdingpahe fiinpsarg abithe &V GA24S -

ccycle per 03§§°f 1 ruse; wherein the sane signal (one nessage data) is

conti nued 20 cycl e periods of the C/ A codes. Thus, an S/Nratio

be i t hge L1C,si I
consi st s of 46388t u@tﬁa?ﬁﬁ%ﬁ‘gn‘af’fﬁ% & BElbaIbbe SRptiaEscTbiter of n
the same_si g@ﬂ% %ﬁé g%ﬁgltf’r ?éihtg éﬁ%ﬁ?m@é{ﬁét%d ?selg'l 1%9)];:\8& algc)qr% xk?hergn atpilot

signal. Thus a |n egration’c I'npt ovene

in SIN ragiidy FoTQ%StEE(eCH 1rebélvérr?c Eﬁ:@ﬁsﬁﬁﬁ}i%gﬂ %?gg\afgtﬂﬁn%ﬁﬁ@&&ﬂugﬁ%p&gd on

the LAC signal friomthe sat as a Ssi sti-ng sl

[0099] 25Dif-piekenidnil. MThe mphése%mag h%@lé'l%'th&ﬁhﬂ%ha&%ﬁﬂ it} ® dB.

with the LI C signal) fromthe indoor, transmtter 200-1,

“transmi t t Burthef) acavighitorsnigsidertp agetmposddivn the PRasesighgnal . The reason

is that an intensity of a signal emtted fromthe indoor transmtter

-200-1 is @0®8ter than that of a signal transmitted fromthe GPS-

satellite, and therefore there is no need for the capture-assisting

isignal . Thi sTheragsoneshnhesapiyen-dseigngwpitat signhlas shpprimposedorn i Q-pieee signal is

satel]ite -
15 fol%ows

[0098]

The C/A code of the existing GPS signal is a signal consisting of 1023 chipé 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 infegration. 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 rétio. 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 ID can be superimposed oﬁ the Q-phase signal. The
teason is that 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
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requires the capture-assisting signal because it becones weak through
propagation toward the ground, whereas the indoor transmtter is
required to increase the signal intensity in order to prevent the
occurrence of nultipath and unstabl e propagation. Further, the

posi t i omeduidesl fteagaphue hssaxting erpgalt hedayse linbedooae vasakl tlabtght pieagakien toward the
superinposed on the |-phase signal. 5[0100] @ FIG 5 is a graph

showi ng gspwét whtrepmtherindaoy trinsmitten (st fearisedoto marepse e Algneldintensignid orser to
an L1C code signal. In FIG 5, spectrumintensities_of a P code as_a

mi | it ar Prevealethe ocpEranee oF multinagh apdbpasiablepoppgatient ofetheethepesitienD data,
C/ A code in the Ll band, and an M code as a mlitary copde to be

Cr anen SedtPsHpREEde Jaale &ltiteggetstyaperipaased Pt 1-Be Stk n ¢ he L

band ar.g ql?i additionally shown. [0101] As shown in FIG 5, in the
C A éod;[ % [ere are a main peak at a center frequency of 1575.42 Mz,

there s nar P in g S SRAT BBl dLRMARGY or JC 0B oGl Bt
|t e f eng0C ol §udi 1o C 90Speolin! iasitkhRes 15 odtcld Winfis) £ABKY be

on .both sides of “the null poi and a sidel obe signal on an dutward -
si de of tlahenied fropeakatellltd Idkéiher with HEEIA dode il LA bafdl @ind il M €d¥ as a
mai n peak can be extracted using a band-pass filter with a bandw dth
of | MHznilitary tdie tb b€ tmasiBiticd filoyn & batclliivd tog¢thakwitle dr TEC exderiachelll band)Gre
a band-pass 20 filter with a bandwi dth of 2 MHz. [0103] As
mentlDonedditibmlly shewn.i ntensity of a signal transnitted fromthe indoor
transmtter 200-1 at a site where the signal 1s received, is greater
than thd®l@1 -a signal transmitted fromthe GPS satellite at a tine

when the signal is receive th round. Thus, it becones possi.bl
oghiy FIg, %mtgﬁgﬂ cgdee e a @RIk 9t 2 pepte py of Bfsa
itgt (23r5ffarance \Cll\ll t'h% her si gnal Sth F%}%&g% hl\/assa eﬁh Gg[r%ﬂat l.on Lfri t.
245 ’ _ m :
0] ands sylctope Figngh el the by Mg Em ShRNG SOBINRP G A oint
of a még@gﬁgﬂ%il?egggﬂgzy 1BY599 Vil & é&@ss ihf%ff&%ﬁgeswﬁt{ﬁgﬁ%g:@*&ggé.'_ FIVRLE there

of the to transmt St ghal™ conpa
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 b.e extracted using a band-pass filter with a
- bandwidth of 1 MHz. Inthe L1C code,-onlﬁf the main peaks can be extracted using a band-pass
20  filter with a bandwidth of 2 MHz.
[0103]

As mentionéd above, an mtensify 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  iransmit ouly an intendeci frequency component to suppress interference with other signals.
[0104]
[Massage-Data Generation Unit 2455]
FIG. 6 is a fimctional block diagram showing a configuration of a message—t.iata' generation

unit 245b, in cases where the firmware of the FPGA 245 is set to transmit a signal compatible
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with the Li-band C A code. [0105] As descri bed bel ow, the
nmessage-data generation unit 245b is designed to performa processing
of superinposing position-ID data and other data given from outside
thereto, on a 5 portion of the Li-band C/ A code corresponding to a
navi gat i Wlhrﬂé%rshg@ dG/h@8aformity to a signal format. [0106] The
nmessage- E(ﬁto generation unit 245b conprises: a conmand interface 2482
for acce %b a commnd 2480 fromthe processor 241; a TOW conmand

P Y 2 band i Ll OHRE. I, R R bn G20, a5t 5 s Snell B hettlbm

i f | 2

gzaﬁgnzcﬁ;oﬁés% A EARERARR g 0 A0 gt o

gener ati &ul;ﬁwfl 0 Bhd @A a8 cBir %&ﬂ% v 2405k In%gsa £G81 $hRAEmi % a
r E ggt% §6 and F

TOW i nfo mat | on om the TOW gener message I nAf ormation
from t hegjgpaerght.anal yzer 2488 and storing them 15therein. [0107]
The nmessage bank 2490 includes two banks 01, 02 each having a
capaci ty[@ifo6BO bits to store therein the TOWVinformation, and eight
banks 03 to 10 each having a capacity of 30 bits to store therein
ot her nessadheneksgerdata ganerdamhungtf245h eothprides: A0 nimantiGintesfscee?#82 for accepting
informati on storage area 20 2490a with a capacity of 24 bits, and a '
CEC generatosrm@dig 2480s figro Wil gebcessoy @ty at BOW CrOmswd eanelyze 2484 ffany reading
error detection, based on 24-bit _data in the area 2490a, and store

the &Rc éderaatian shout, BAWo (5 OF Weekhir the JelnbandgCin s0dss bpsed ainfhrcommand

subsequent 't ar ea 2 90a. %1 ] A se encie 4 is
doativeh SatlBREPIRagd grigiecs 2Heie Srgmart FobEReS PRy Rodiog  Coprepifor a

PLO\SI;/nghr nj. 7 ;? & | ock ) t he cl § f

ot of onc AR My e B0 AW Baiiadiof SEORD sbikGetht 2886 5F Behiiine, Tow

d
Fogi st or IS GRCY ol 8enRIA0 Yor bibehhg RRTOWD ] Bfimdliod S 3RO TOW
each of - b¥RAMS 3G OfG sARUInfBhBor i8Ry 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 {o store
therein other .message information. Each of the banks 01 fo 10 has an information storage area

20 2490z 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 storg' the CRC code in an
area 2490b of a cor'respondin_g'one of tﬁe 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 I/O block
230. In response to the read signal, data is read out from each of the banks 01 to 10, and stored
in & message register 2496.

[0109]

Data in the message register 2496 is written in each of two message code registers 2466,
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- 27 - 2468. The subsequent processing is as described in connection
with the operation of the nodulator 245a in FIG 4. [0110] [ Message
Data Ceneration Unit 245c] 5FIG 7 is a functional block diagram
showi ng a configuration of a nmessage-data generation unit 245c, in

cases V"'?ﬁs@.t 5t S@i‘@ﬁ £ dce Flilf'g FP%Ad Pbdd ird SbnreLtid] M GhethiBRAF th
conpati bl e vmmt%% Stl?1e " 8 0111 d(lascrl beél [E)e | ow, ﬁ’g ! y
nessage-rggd,ﬂatglez@gl%pmmumt 245c is deS| gned to performa 10

processi ng of superinposing position-1D data and ot her -data gi ven

from out[@ity thereto, on a portion of the LI C code corresponding to

a navigation nessage and a pilot signal, in conformty to a signal
format. [ 01[M\2¢ssagedDateSsagyatichdizt 2Edcer ati on unit 245c conprises: a
command i nterface 2502 for accepting 15 a command 2500 fromthe
procéssor 2BIG. 7as advucdigealddenehieram ahgwiog a2oofgifrattonsaf medsags-data generation
content of data to be transnmtted as a nessa based on the conmand

gi ven f runih 2456, womwpesiehere ther fireare ghthe Fd’%ggégiesebémmmba pigpal compatible
receiving,|l -pha?:e rel at ed nmessage information fromthe nessage

command %iig1df 9884 and stori ng therein the |-phase related nessage
|nforrrat Oﬁﬂé and a nessage bank 2508 for receiving Q phase rel ated
nmessage rmation fromthe message 20 command anal yzer 2504 and

o e B S LSS T o,
capagy t yprQéess}% oPk ne}%ﬂhif)oﬁhg 'i)ﬁsﬁ&ﬁmﬁﬁtateﬁﬁ dthRNBELgivEL %ﬁpoutmde ﬂgr)eto on a

I nf or mat’i on ssage bank 2508 includes three banks QO t

each havjopgbrfofaBBEC epd®EorfBpdaidirt th @ nabi@hort Ihasrs@gerhrﬁmepﬂat BigasIin conformity
related i nformati on,

to a signal format,

[0112]
The message-data generation unit 245¢ comprises: a command interface 2502 for accepting
15 a command 2500 from the processor 241; a message command analyzer 2504 for analyzing a
content of data o be transmitted as a message, based on the command given from the command
interface ﬁ502; a messaée 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 _mdﬁer 2504 and storipg therein the Q-phase related message information.
[0113] | |
The mesgage bank 2506 includes eleven banks ICO to 110 each having a capacity of 150 bits
_ to store therein the I-ﬁhase rélafed 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 informﬁtioﬂ,
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, i.e., the same capacity as that of each of the [-phase related banks.
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25 three banks Q3 to Q5 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

rel at ed im)qﬁmati on. The capacity of each of the Q phase rel ated
banks is Wt inited to the above val ues. For exanpl e, each of the

Cane. capaci (3 a0erhay ts “ilRerHy i Rorgf uE e DrupaCi kg andsedlypdil us0e.

[0114] ﬁf(@gﬁ* : ﬁtl;lﬁ 10 bE&hidaBD it ' Q. BNas

rel ated n%]sﬁggrge an O%Zt%%%% Sﬁé er, |%&§%ﬁéﬁ i%a#?fgﬁl?ﬁdedt%fsg@garﬁeﬁtl one ént
" posi ti ongta) YRk infRhasn"ddyeath YR rASiond HE6F 'BQIRN infdM Mon” given from an
"traffic information", "weather information"” and/or "disaster

i nf or gat icuBided BN iIHdbOMraRmited 20611 tBrovh tHeralio AR 0, Medysky dtéred 12 8H3-1dphase
through the radio I/F 210, may be stored in the 1-phase rel ated

message helated 2h8Bagd-banle X306l eFot keamplsasiee dishgtéro infedmation | mchudebe sarthquake
eart hquake (prediction/occurrence) information. As used therein, the

t er m " out(giedistion/oeshurders) anfoumation. apypawsad ubereipe thet teumbYoutsidelisincludes a server
entity, a public office, etc., providing the above information. The

i nf or mat iAPRATARY opated Ry nbusingss entidyn a piblig pBges sics avparidiag e shoye infarmation.
real ‘time, qr_may. be 10 periodically updated. Alternatively, the -

i nf or mat i G Wﬁ@w@abww@?ﬂa 89@*59 oBiiie PaITAE BPAFAS Recplipe o may be

o8B0 gt KBLBA e Bt 4 GBI R e
i t ' bt -1 by . t' ger. :

0 ven L0 . IO AT S L= EROBc b R OOAAL ARG g s

par ti cul agdipieltiifth geshrintent B8rd QdveAV¥eREnt By ﬁﬁigé ggﬁ {Ecﬁﬁx%'ix?dbo?@'&hsﬁﬁ@& 200-1

may be added to data to be stored in the ban 08, and an
error-derlbgceﬁe@%rmﬂ@mamgems BakIRirleSs Rfadioh Of B8 defRinRelt itbret Ne banks

100 to 110. In this case, as to data to be stored in the banks Q)0 to
Q8, in Jybiish the transmitter ID having a relatively short data

length is to be repeatedly included, correct data can be obtained
everystine aAldioyglinot partiedanly bohited to the foBowingy &l yrreheentectioreBEH2@de may be
period, so that received data can be quickly fixed. This nmakes it

possi bl e aideditpdaterie be stoesdvia dhedenks QRO tn@0%aph ar errered ednctian redesagieberidrd to

Lo on dbRs B bbb s o0 e B R ko
t . [0116]. 25 - d tion unit 245

(et oo oS el e TR SRR Al T et

banks. NO. 5 e oo } : '

sequance Saustor AL Lot AR et CORRE RO sgrpovet

a se%en@gﬁemam réRved! Bl &l Qg?lﬁgtﬁx%&.o m@ﬁlap@mkggégg&e tP AR received

data to I ncluded in Q phase in tion, In a sequ accordi ng
to a commpdnfth® @-pHace eimmdRttsdapt Oidlagea R earl?® than the I-phase related message

bank, and move into an after-mentioned position-information écquisition processing (query to a
server).
[0116]

25 The message-data ge;neration unit 245¢ further comprises: a sequence manager 2510 for
reading out from the banks 100 to 110 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 Q08 data to be included in Q-phase information, in a

sequence according to a command from the command interface 2502
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[0117] The nessage-data generation unit 245c further conprises a
message register 2514 for sequentially reading out 1-phase and

Q phase related data fromthe sequence manager 2510 and the sequence
manager 2512, in synchronization with the MSG cl ock based on the

clock fiomhA he 5 reference clock I/0 bl ock 230, and witing the

1- phase and Q phase related data in the nessage code regi sters 2466,
2468, r espebrinesbage-datuigeagration unifdsSe finther heomprisenife messagst eagistd 13514 for
witten in each of .the message code registers 2466, 2468. The
subsequérfuepiiadlyasadingontd-phaserad Qiphesg rplated datsdiam e skavence manager 2510 and
operatign of the 10 nodul.ator 24%.in. FIG, 4. 19] t he

e sunpt LHFHIES HARGh A | uEn e Bi e e S Stk g R rapdnfiom the

recoPveroipse ST RGN 407 B Wit B8 Tprbds AR T b st sbredndreuptss

a pluralj e [PVA t ‘eas corresponding to respective ones
15 of tﬁ!é&é/lr-e tggle%%g’%g?’erggp%g@gﬁ't message banks QU to 110 of the

i ndoor Eﬁ@@zm’tter, and a plurality of divided storage areas
corresponding to respective ones of the Q phased rel ated nessage

banks Q00 (st RBthemésbibel rOGIgRF 25 1ORSHifdntin- cadhlBE theOMBYs¥ed d¥R rbiiSters 2466,
receiver newy receives one of the data stored in the banks 100 to I

0 or the4ésmnkeheBsdgoedOfiocaasiagrit entdesdribad dar consamiodi with @ie opératidie of the
storage areas of the receiver is updated. For this purpose, data to

be $0or ewditlatoz2d4Fe infFIGhé 20 banks 100-to 110 and Q00 to Q08 incl udes
an identifier for identifying the bank associated therewith. [0120]
The si gh@l19 0 be generated by the nessage-data generation unit 2456
and transmtted fromthe_ i ndoor transm’tégr 200-1 as a nessage i S

summar i zed Us tectsFunRion et asiangl EeRaARS DB threBichipt-ida sontatien ynh245e is
TR K R R R AN g
corD = oy R I A SR O Ao et
I ndh¥i dypine T3 Selated 350-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 I10 or the banks Q00 to QO08, a contenf of a corresponding one of
the storage areas of the receiver is updated. For this purpose, data to be stored in éach of the
20 . banks 100 to 110 and Q00 to Q08 includes an identifier for ideﬁﬁfying the bank associated
therewith. |
0120] |
The signal to be generafed 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 geﬁerated by the message-data generation unit 245¢ will be referred to as
;'L'l C-compatible message".
[0121]
The L1C-compatible message comiprises an I-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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More specifically, the Q phase signal is nodul ated, for exanple, with
relatively short information, such as the transmtter ID. A data
| ength of the Q phase signal is less than that of the 1-phase signal,

so that 5&55% trans‘?f?h%' ¥1§%ﬁpf§0%dﬁﬁﬁdqf8pae§%n fegfwﬂh ?l%qjvaly short

shortly acqw tter thetran mtte
itself hagoshatbh &6th FORE AR D, 5\ 298 1&@%&1@ QLrRid s@éﬁal 1s1iéymanttha of

recei ver cannot know its position only by the transmtter

Ther ef or the k-phade eighilpis thdttthalrbd@iver Che qURRE ¥pturdale erlﬁ@@fsiggmr @fld tsRortly
access a site of a server apparatus which provides position

i nf or mat amynire tha tansmikied ) phHoweveet ther tansaftekr tTDaitsalf had heditectnsaning €e.g.,
IDto the server apparatus, so as to acquire position information
assoc} at pebitiont infarmetion) anShis therre¢civer tafi®l Regw its pobigon oplydyeths krgnsmittersiD.
nodul ated with the position-ID data. Thus, a certain situation, a
message Therplors, i [auepdigin situetien, the FRegivers nghi dle eaficwed ¢ AEsegY petfe #F agserver
vari abl e nessage gor exanpl e, the |-phase signal is nodulated with a
vari abl eRReEusywhicl PENYIdRs HOPINOR iIRIOTTFtiSRNKIR DROLUR BhORS NSty et frapemi the

di saster _infor in addition to position i.nfor

case, 15T emﬁ*?ﬁ@ Bl b R b s B0 S0t ok Bt abfhelt v he
ext er nal the yariabl e nessage can be updated in real tine to
provide ge5| rea rhformation to a user of the receiver. The |-phase

Si gnﬁd gﬁbyﬂes position information itself, and therefore the user

of ther er can know hi s/ her position without connecting the
receiver toThe TR dignal i/ EnodBMRA With ﬂle%dsitﬁ)hﬂ@"dmer’ﬂn@ Q'c@ﬁﬁh%{tuatlon,
occurs and connunlcatlon net wor ks are congested, as |long as

L1C conpakisageto?be irhsladen it I-gleet vighllemaypbpeonfiguidt &f a thlﬁaﬁllﬁﬁﬁmﬂgé. For
can be identified. In such a situation, if the receiver can send out

a si gnal exsinpid)éhqebphase eignalsis ancinhitddewith aneriatle mestqgeenich @b tiaffe infoymation,
can nore easily identify a position of a sender of the signal (a .
vi cti m oweather igformaticy gr. dipastep Hfomentighoineaddition th pemitise fpgrionant thisecase,
Q phase signal have a difference in noderating 25 |nformat|on itself,
and §5$d. wﬁ@} thg dndopptr é‘&?ﬁ?ﬁtﬁ@r‘)ﬁ 1jip ponpgeted insarsexgeaal nepypykfhe sariahle message can

Feaui r edtt BRI FE5ich SEimgdnmaion i fich of S, AP Yase
5! 9 nal S %glghnﬂ}cﬁﬁ{ % a% I 1 ?I&lb@({}l 1ts%ﬂ %e%ﬂé %ﬁse? Sp{hﬁ gé%:rerﬁ/gr éa% know hls/her

recel ve St gnal s ano er si e recelrver

cont i gUr Geliddh BhON Bntishhs (R IELREE W8l Q(et{v&%e' a0 e W Grdalih where a

signals according to is selection 1s achieved . by allow ng

the - 3ldisastdtSeurs Canld NdHisinmdhiSioh | IebwdrRS afkeééﬂgleﬂed,w I‘éﬁg Qf thé€.10MQmpatible
signals is to be received, into the receiver.” In yet another

Si t u2® i omessafeisr ecsivably, al ;ﬁ:snmfdfghtr fdeiver @uttendbitifitd) yIsnich ahsimbtion, if the
| - phase signal -receiving node to a Q phase signal -receiving node, for
exanpl e, receivereapoasd ottoa sighali dfuhe pesiticozsne etobile phane beecsmemteaf the a1gaa1 can
communi cati on network due to congestion of the
more easily identify a position of a sender of the 51gnal (a victim of the disaster).
[0123]
As above, the I-phase signal and the Q-phase signal have a difference in mederating
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 receiver 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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5 communi cation network. In this case, the configuration may be

achi eved according to an application of the receiver to enhance the
conveni ence of the receiver. [0124] [Data Structure of Signal to be
Transmitted fromIndoor transmtter 200-11 Firstly, a data
struct urgepfo dp®i DttdngCOfRetiiR Smihldf ti vl sifands @ e CQERW ihtd Be receiver.
nessage 10 generated by the message-data generation unit 245b will be
descri bef. yptOd@dher( sittatich Ateongatveblie dnfigaded to aMbinbticatliye swilehe ahOl-phase
FIG 8, a positioning signal to be transmtted fromthe transmtter

wi || be sigmtrdchivihg Rod8 to8 Qohasediggl-eeeisinguwnatly, for epafiplguinatiponsedd adailure
signal 500 to be emtted fromthe 15 transmtter nounted on the UPS,

sat el | i tig. cammectiingrial thoserver npr icomhupicationy aebvik f dagde  eengisstion of the
consisting of 300 bits, i.e., sub-frames 510 to 550, The sub-franes
510 to SEGuBcationdisterky I Hvis 6rser &ie eapfignmtion apayinbe rehievadnageprding to an
exanpl e, each of tthge subfr sSOto 5500@?Sts of 300 bits, and
is transarﬁp igatign of ffﬁe{VGFH{ fi?ageftl%ﬂcFOg IEFGhd) . Thus, each

of the S@E l{]ramas is transmtted in a period of 6 second. 20 [0126]

The 1st %-frarre 510 includes a 30-bit transport overhead 511, a

30-bit cl | I =i 513. M
spec: fi galoft})att% %&dnf}%g !FTI;%S'Ibg H%d%[%gﬁglld&oﬁ es r?@é— ti me e
| nf or mat | oneiaggUh e o8 b, éigﬁau SURPIAATR 1S BRNCHELFM willf nikssage

sub-frane I'D. The sub-frame ID s an Identif.ication number

di stiongudesfrafed by e thedsagblabdifenbladioR uhit 496w UeRIBdribeAY Sub- f ‘ arres

The nmessage data 513 includes a UPS week nunber, clock information,
“heal th i[pi2zf]mati.on about the UPS satellite, or bi t accuracy

i nformation about the UPS satellite. [0127] The 2nd sub-frame 520

i ncl udes a GOLGAtCompatdbpoSignal)er head 521, a 30-bit clock tinme - 32 - .

information _523, and 240-bit nessage data 523. The clock tinme
i nf or mat i onWthxeference ke 16 S BOWHIES BEnabfp bestransmitted frem éhelisaensmltter will be

o @8%1;%&&%& B a3 AR BRI B o e
t t t h
e o BT PR 915k b OGE SARblie B ves fomes

consisting of 300 blts, i.e., sub-frames 510 to 550. The stib-frames 510 to 550 are repeatedly

transmitted by the transmitter. In this example, each of the sub-frames 510 to 550 consists of
300 bits, and is transmitted af 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 Ist sub-frame 510 includes a 30-bit transport overhead 511, a 30-bit clock ftime
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 overhééd 521, a 30-bit clock time
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5 by an adm ni strative bureau managi ng navi gati on of the satellite.
[0128] The 3rd sub-franme 530 has the same configuration as that of
the 2nd sub-franme 520. Specifically the 3rd sub-frame 530 includes a

30-bi t traARIPAfidn %BH@ gt’% ke_%%gg’gii E3C| ﬂ?é%l& K Bmb 6 %5(32 §s3ffl]1e same

and 240-bit nessage tinme |n or rratlon

same 10 C&ﬂhfﬁ;g@fdﬁ&i h.@fhaﬁﬁl thBatt dulb- ﬁdﬂﬁe éﬁi TUR AR d5t3a0523TE&ud@5a'ﬁa@ﬁe1nens

data 533 includes the epheneris. The 4t'h sub-frame 5

i ncl udes ahe3@pHainterit r(Broapedst epmdae)aeheﬁﬂsl ortt fomndtionl Mokt maelhte emitting a
i nformati on 543, and 240-bit nessage data 543. Differently fromthe
above rrespcaﬂiamﬂgtségn&llB Th628hentedi3 is hipld yreanatg énfomatiob 4idhris kudesively updated
al mnac information, sunmmary of satellite health 15 information,

i onos%er@deﬂda}lmﬁﬁﬂﬁbfﬁmaa@manm maviggtion oo satelhizet ed Uni versal Ti me)
par-aneter. %0130] The 5th sub-frane 550 includes a 30-bit
transport[oé &r head 551, a 30-bit clock rime information 553, and

T S0 IS St L Bl e
2

resage elSiReT R Sﬁ‘?é‘f’%ﬁﬁﬁﬂ%?‘ﬁléf’ R Al st Gugad 9%1 3 B siogk time

s satel ?‘%ﬂé@“‘?‘pﬁf%{‘ fit ieFSRE b 883 o e Fiaeioh 73¥ ¥ f e

transfy sSiqifgtatidd 'R tﬁéttin fﬁﬂwﬁb%éﬁ@fﬁhb gEs%E@&JtE%S?ﬁcﬁlﬂéﬁﬁe nﬁaﬂéﬁens

nmessage data’is returned to the 1st page, e sanme 25 1 nformation
wi Il be emitged. [0131] The sub-franes 510 to 550 are transmtted
fromeach of the transmtters 120, 121, 122. \Wen the sub-franmes 510
to 550 are rEkeidtedutfahbesqoomcludenailtiit mahiport eretheadiag, apebiftclmk time
100, a position of the position information providing apparatus 100
i s cal cul iafercatias2td, omd 24BBit message date Fdhc Diferemty fent therbovemmessage data 513,
included in each of the transport overheads 511 to 551, and the
message d¥3a 58313theonesaze pmg;%p includes almanac information, summary of satellite health
15 information, ionosphere delay 1nformat10n, and an UTC (Coordinated Universal Time)
parameter. ‘
[0130]
The 5th sub-frame 550 includes a 30-bit transport overhead 551, a 30-bit clock fime
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
saiellites including the aforementioned GPS satellites. After the tfransmission 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 each 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 posiﬁon information providing apparatus 100 is calenlated based on .
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A signal 560 has the sane data |length as that of each of the nessage
data 513 to 553 5 included in the sub-franes 510 to 550. The si gnal

560 is different fromeach of the sub-franmes 510 to 550 in that it

has data indicative of a position of an em ssion source of the signal
560, i nnplistened/manddementin@iriationinchidpd &5 sl fshé henspphevethesds(31n oS,
nmessage data 532, 533). [0133] Mre specifically, the signal 560

conpr i sesd éheGndssdgcBRSEDtGEA3. a 15-bit transmtter ED 10 562, an
X-coordi nate val ue 563, a Y-coordi nate val ue 564, a Z-coordi nate

val ue 568!32hn altitude correction coefficient (Zhf) 566, an address

567, and a reserve 568. The' si %Bal 560 is transmtted from each of
t he i ndoor A Rignah?eQ bassthopeme dafrolength gsgthatzof each ilihe message fdgle $Heto 553

15Tna. PG5 S FRmen ST 54 0at TohSaAoeD AL e dem At of e bio-Haes
2 U7 anert PREY g GRS RSRa B g oph %ﬁgﬁ?ﬁsﬁiﬁﬁ)sa%é«ﬂ?éf‘ﬁ%'@ﬁgﬁgfséo?m
200-3) ¢ - LSS 0N: ' : PRN- ED
R e e e e G T R R

random [r[\@hgg code patterns assigned to respective ones of the
transm tters nounted on the GPS satellites, it is an 20 '
identificatyigre spedhedllyd g SRl 550 compiEay d0s-HR MMM G6l Ca 4808t Ralhifd ID
bel onging in the sane category as that of the above group of pseudo
random §62,3a oo dipatetvalue$63, ¥ scootdinatesfiansS®t, b Z-covdivita galub 665 iagndtitude
560, the position information providing apparatus-can acquire one of

t he psegodmeatiandmefiviins dZbf) dE6G ant addressa¥w, gmdda treseteeS6d1ddlire” signal 560 is
transmtters, fromthe received signal 560, and identify whether the

si gnal frensmitied fignt eaghesl droindeorsansmitiers F0Ptle J0P20 0P 3e a8 aubstitite dfop the

25 the signal 56Q transmtt fromjihe indoor transmtter. [0135]
The x-c&&ﬁﬁgﬂaﬁé%%w@%s%@deq%ﬁ%ﬂwe %ameﬁéf%wﬁpue 564 and

Z- coor dh&gt val ue 565 are data indicative of an installation

| ocati of%5f t he i ndoor transmitter 200-1. For exanpl e, the

X-cogrdi na : | - r.di
o 38 DL YD S8 B ST BREE LI R 300 o SR o
al titudgeisk 6REECIPRR! YodeT PRt bl SiohQ 16 ARsrinef f(E.61 Skh 3301HeS ind
not essg(r)lltsi ;ﬁ% dai(l; iterr}e ?hus,) |bf a gggr ee of asccur aéygér eat ?t%aﬁl oot
that of yahdohitterd 200et, €70M.2)€200y3)t 43ethé- &piedich Bodree bRIKE sipRA 560, NAlthough the
required, the altitude correction coefficient may be omtted. In this
case, f @RNeHAGPl & diffatent frodli idedtificatiof ninldrd Bf 4 graapafedaido @anda @sisé ode
be Sassigned to the altitude correction coefficient 566.

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 pbsition information _providing apparafus can acquire one of the

" pseudo random noise code patterns assigned to the indoor transmitters, from the feceived signél
560, and identify whether the signal is the sub-frames 510 fo 550 transmitted &6m the satellite or
25  the signal 560 transmitted from the indoor transmitter. "
[0135] | |
The X-coordinate value 563, the Y-coordinate value 564 an& Z-coordinate value 565 are
data indicative of an installatiﬁn 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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[ 0136] "Mai | address/building name", "advertisenent data",
"traffic information", "weather information” or "disaster information
(e.g., earthquake information)" is assigned to the reserve area 568.

ci'gnal - COMRETBRA HK-EIRERTE B abioife RomeiefagorgeRbr S EoeggR eadmeent
- i ; 2 P . .
St ot ur 05t AR, PRBRSA Nl efie it b BTGy syl fhon i B e

Conf i gur afeleBRinR byl th&RaerdRlat@ile 565 &/nkt reduirdl, ThelIRQIARSRAY BkiBcient may
first configuration of the Lie-conpatible signal. As shown in FIG 9,

Si X sub- fheafBifted! EntthiR 8L, tfbekandls ida3IndBdfel S INWEDEMs! §t61€d 38 affrea to be
after-nentioned 1st sub-frame by the transmtter. The signal 810

i ncl uges assi@dl thetalttindeuotiectionnbffiRtbnBids. 30-bit 20 clock time '
information 812, a 6-bit PRN-ID 813, a 15-bit transmtter ID 814, an
X-coordi f&t3]val ue 815, a Y-coordi nate value 816 and a Z-coordinate
value 817. Initial 60 bits of the signal 810 are the sane as initial
60 bits of cafdl eiddehdbuildingt mame’s BaiGertigersE0 daja'he"tenfiie tinfdrmatoms Nweather -
GPS satellite. [0139] 25"Mail address/bujlding nane", "advertisenent

data", " tnfarmation] QF o¥ipaster dpformatiga e Re carthakarinfpration)’ 1s aysigned & the reserve

I nformati on" is assigned to the reserve area 818. [0140] A signal
820 is t tted as an after-nmentioned 2nd sub-franme by the
tranggitt[@g),7 The signal 820 includes a 6-bit sub-frane 1D 821, an
al titude r}lection coefficient 822 and a - 35 -

(L1C-Compatible Signal)

Secondly, a data structure of a signal compatible with an LL1C code with a message
generated by the message-data generation unit 245¢ will be described.

[0138]
15 A data structure of an I-phase signal will be described below.
(1. First Configuration of I-Phase Signal)

FiG. 9 is a diagram showing a first configuration of the L1C-compatible signal. As shown
in FI1G. 9, six sub—framés are transmitted. A signal 810 is transmitted as an after-mentioned 1st
sub-frame by the transmitter. The signal 810 includes a 30-bit transport overhead 811, 30-bit

20 clock time information 81.2’ 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", "advertisemeﬁt data", "traffic iﬁfonnation",' "weather
information" or "disaster information” 1s assigned to the feserve area 8 1 8.
[0140]

A signal 820 is transmitted as an after-mentioned 2nd suﬁ-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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transmtter position address 823. Each of after-nentioned 3al to 6th
sub-frames is also transmtted under a condition that 144 bits on a
downstream si de of the sub-franme ID of the signal 820 (the altitude
correction coefficient 822 and the transmtter position address 823

in the shgndtteBpoiitar addiedsi 8250 a%achi dff efiententiohal Bal it@r6th Isab-drames iioralso
to be included in each of the 5 sub-franes is not |limted to the

above i nfanritted onder Roconditimnpha, 14dchisran s downitream| sidedf the pbdranieold of the
information and/or Internet URLs (Uni-form Resource Locators) nmay be
stored bignal 820 (dgaltitnderoaicetion qocHictont 822 anfethe ransmritierapsitipn addrpssi§2y dn the
signals 830 to 870 show an_exanpl e of .a transm ssion npde of .the

si gnal ssignd, 828> are definisd asitiffaept fpraafon Joformation 0abe ingliided dn teagh of the
same_strycture as that of the signal_ 820, The signal. 830 includes. a
ot SubsHir baSe a1, BhorF anoragion TRe” PR Tek t
t he sane header. as .t hat .pf ch t b- fyane 10 .to 550.t0 .be. .

L r anen PYRICH FUREHRN opet KEERP: PRis IRt e Tt B35 el in o
frame c i.ng ;fl@% i 820. [0142] 15The signal 840

i ncl udeg&gﬁ%ﬁ%g%%_ﬂé@@ B%loan 8 3rd frame 842. The 1st sub-frane
831 is ) pane as the 1st sub-frame 831 of the signal 830. The 3rd
frame 842 has the sane structure as that of the signal 820. [0143]

The above @pnRfdigHalsa830R $7 sheRealRdmpR dihetrhilissiondnede &Be tiphals 810, 820
transmtting a 6th sub-frame. 20 The signal 870 includes the 1st
subidraamd tedrihe 66t subsfiimésr @l hatifg 44 same Mheturd he that afi i digreat 820. The
repeatedly . transmts fromthe signal 830 to the signal 870, the 1st
sub- f r apign@3B0iiscledeansist subelfare 83 lyand adudiubsfrane 832.t Neeslisyndbt-Bamal3 khas
conpl eti on of transm ssion of the 1st sub-franme, either one of the
remai ni fg s9ms teadares that of sadr eflle solsGames 51 & 530 to bretranspuittedaiens the 6FS
transn‘itteg in %he fo&l I Ng der:. 1st sub-frame 831 -> 2nd
sub-f r atolgs  Thesepond Shimie, 42 15 8 fraiie coRAsRopBinE fouibe Sigaal 20 11
SUb'fra[ﬁ'ﬁ_]"> 6t h _ ,

15 ‘The signal 840 includes a 1st sub-frame 831 and a 3rd frame 842. The lstA sub-frame 831

is the same as the 1st sub-frame 831 of the sigﬁal 830. The 3rd frame 842 has the same
structure as that of the signal 820.
[0143] |
The above configuration is repeated to the last signal 870 for transmiﬁing a 6th sub-frame..
20  The signal 870 includes the st 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 ftransmission of the signals. After completion of _
transmission of the st sub-frame, either one’ of the remaining sub-ﬁ'ar_ngs is inserted.

25 - Specifically, the sub-frames are transmitted m the following 6rde;:' Ist 'sub-fraﬂ.le' 851 — 2nd
sub-frame 832 — 1st sub-frame 831 — 3rd sub-frame 842 — lst sub-frame— - — 6th
sub-frame 872 — 1st sub-frame 831 — 2nd sub-framie 832 -,

[0145]
(2. Second Configuration of I-Phase Signal)

- 36 -



sub-frame 872 -> 1st sub-frame 831 -> 2nd sub-frame 832 ----. [0145]
(2. Second Configuration of |-Phase Signal) - 36 - FIG 10 is a
di agram showi ng a second configuration of the LI C-conpatible signal.

8T 5 RS AP AR U e
a i gnal HEurRE e Ste SR et lERay S AT 50 6 55

PRN-1D 9%g81a@ transmitter ID 914, a first variable 915, an
X-coordi nate"val ue 916, a Y-coordi nate value 917, a Z-coordi nate

val ue 918 anfi® MRLhIHERE Yhdws Ansisadal &%ﬁﬁmaﬁo@_o@%éimw-@&hmbie' sigaal.

simlar to that of the signal 910. The signal 920 includes a second
vari a3l e Ee&ring tFEE @004 siphd 916 (rludves traddpert oberhbul Hil gy preabR-912, a PRN-ID
10[ 0147] Each of the signals has a 150-bit length. The signals

each havigig, & hrenssatter 15X F1dc b dire variable & B amX-t@ddinate aralna #era Yicosidmate value
The signals having the above configuration may be used as a signal to
be transrflft @d-coprimaterealin@iGoandta panigyfCRESH 9. [ Alsiglel 9 Fhaste whfighration similar
signals illustrated in FIG 10 has the PRN-ID, so that the position

i nf or mat iteihas o8 vhcisigep! Spdar Breuszrd G20 anrludge atseeqpdayaripbla 935 4s iplage of the first
source of g received signal, based on the PRN-ID. If the transm ssion
sour ce i appde phgstene®ifAsni tter, the X-coordinate val ue, the

Y- coqr.di r@ﬁ val ue and the Z-coordinate value. are included in the
received ‘gﬂal. Thus, the position information providing apparatus

100 can ) Pt AUARL B S0 80 028, | 14l AL BUER 408l e
transmitted in a number of six. The signals having the above configuration may be used as a
signal to be transmitted from the indoor transmitter. |
[0148]

15 Each of the signals illustrated in FIG, 10 has the PRN-ID, so that the pos:ition 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]

[Conﬁgur;cltion 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
(Radfo 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) conveérter 408

electrically connected to the down-converter 406; a baseband proceséor 410 electrically
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Wth reference to FIG 11, the position information providing
apparatus 100 will be described. FIG 11 is a bl ock di agram show ng a
har dware configuration of the position information providing

apparatus 100. 25[0150] The position information providing

appar at ¢#snddél ey Ade conesitea0BNnandfdy 420 &ect(dlyi avnhéweliane) baseband
front circuit 404 electrically connected to the antenna 402; a

down- c opreesssar4 1406 netigattonipoadebspr 43halectticallytcontdrtedRE thie lbastband meedessor 410;
404; an AID (Analog to Digital) converter 408 electrically connected
to the advardispaient440 dagically beryetiah tp tbe sedadion progsser 83Q.rical ly - 37
- connected to the A/D converter 408; a nenory 420 electrically
connect®@d5tlo t he baseband processor 410; a navigation processor 430

el ectrical connected. to .t he basebapd processor 410;. and a.displ a
13 40 e PTER 140 TSRAELE B0y o ARG (ot BBLos o bsao Fhdom
[ 0151] 5The no 420 i ncl udes..a.plurality. of areas storing therei
0o ut o o FLdasa® cafdahidinn Sk i il el p e SERE" For
identifyj e | 85I r i.t Lo ' I
excanpl eXeRIE 3E BB AR SO o8} pRUBE NS AL e SYAIT, o Etpary 420 may
system;nbhige —éir\ght‘l Oas -1 RCAMAR T Qp bRk HuafisS 35 th Thimbet OF &l%ltyﬁé-of
In another situation, 1f the nunber of the types of code patters Is
furt herodd8 Gheas §é furtet McRRed)dNA8Er Mimlk 0RGrend Will BE agaEddriadhé tehfdy 420.
menory 420. 10 Conversely, the nunber of the types of code patterns
maylbe Seaivetselyaiheatibet ebthe tipesof bwlepattdres may basads avakilad than théigumber
menory 420, on a case-by-case basis. [0152] For exanple, in cases
wher e 4& argap @ssuced ip debengaoryd20.sonmsede-byrcasedasial | i t e- base
posi tion-determ nation systemusing 24 satellites, 24 identification
data (FAR\SHodes) for 15 identifying the respective satellites, and 12
extra data_are stored in the area: 421-1 to 421-36. In this case,_fo
exanpl e, aF SHHBPEa AR oFASFDI VRS dthe tHREF ¢ & (pofle rPatferns  wied o fie Fopsaiehite-base
be. st.ored in the

oo AR ok, Wi Ry s OB SRR AT SS
PT OfS Si'dQ&ifg{ng Bnd %?p%%ﬁ&«? §agell?te§ Ghé ;12’ ErSd R stof 1?1315% egezlPﬁi 1{-%&‘1@-9@3' In

t racki ng and decodi*ng o navi gatlon nmessage I nc

recei Vel ?t%{;gé‘gfaﬂ?é’ udo tRANRINGIE c&e RBefnSBEkL REkt G4 oﬂq]gl@ 51868 thay be

code patterns s been Shown as an exanpl'e, a technique of generating
code padbe b thdatdadi2a-1c 0dRe Radd Wit ternOA el oui Tsraths Grod @28 Tin@ EBiect 1o a
For exanple, the code-pattern generator nmay be achi eved by comnbi ni ng
two feestbacdonehitibh preegsshigewith rédpeand agucetedatipmh doan 1o perfamn signaifirdckiag
code-pattern generator would be easily understood by those skilled in
t he ar tandWeosding bitd navigatian nedsage swhided inothe widelved eigonhi t Bdtlioughs] ©A5Eue of
In the sanme manner, a plurality_ of pseudo random nojse code patterns
as s?ynegading heprestored cofler Rattping bos besnathonnios spcxampls, @ Agshpiaue gf generating
emtting a positioning signal are stored in the are 421-37 to
221- a5, Sl Bleinmmbnd ¢ RiRRsoRh AR P B0 dop B P H b rale e
t he 1st_j.ndo transm t tored isp . r - 37 n: fhis
case, vAFetHe ARG ik EheehErd Blitaphihb bR BRabitk Sl it ® A
configuration and an operation of the code-pattern ge_:nérator would be easily understood by those

skilled in the art, ‘Thus, their detailed description 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 transmitters each capable of emitting a positioning signal afe stored in the areas
| 421-37 to 421-48. For example, a pseudo random ncise code pattern assigned to the ist indoor

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

- 38 -



- 38 - 12 types of code patterns can be used in the first

enbodinment, it is preferable to arrange the indoor transmtters in

such a manner that two or nore of the indoor transmtters using the _
sane code, patter e not located within,a receivable range qf a-sane
oo of i Baet ol e HRGTERR B bt the T A Ret 1 TGk aTEs the
possi bl e t 12 qr .nore | transni for Se

' | J 1 | :
Phe sams P RBiioE BarTtHn HE 36t put BEOR of i fnartar ik ude bE same

where the - ti ' L L ‘ ' . .
areas cori oot FARATRAAT! Fadt Hiin b oo REh Yo oBa Rt Bl b8 bl Amation
menory 4 oﬁﬁﬁg%@?ﬂaﬁ@%@ %Qvﬁakésqg-gggsiblgﬂqﬁmsﬁﬁsﬁjéﬁﬂmpé RIBSS Rhnsthiiers, for
conprises a corrélfator unit 412 adapted to accept a signal out put

from tshe AdRpROMEE the ff&gofgleq,qnaihgllgmni t 412 for controlling an
operation of the correlator unit 412, and a deternmining unit 416 for

det er m nipogs4n.em ssion source of a positioning signal based on data
output fromthe control unit 414. The navigation processor 430

conpri ses anFatlteddorcages sittereothi Ag Cuevintpafibletsgimel is peceitedpm phiedlity of statage areas
unit) 432 for 15 determ ning an outdoor position of the position

i nf or mat i eomregpoodingitovthe bpwesrI8 tabl 01Q00 tdate ot im theingemadry 440, ma deseribed above.
the determning unit 416, and an indoor positioning unit

(i ndoor - J94%3li on determination unit) 434 for deriving information
indicative of, an i pdoor posit] %n of fhe position |nfaor

| mat i on )
provith ng apPs BesgRandoprocesserat] Uospramatsss 8 SOpERtor Wath "flﬁeaﬁﬁiegrtﬂiaﬁ?q% a signal
uni-t 416. [ 015 The.ant enna 2 is capable.qf . receivi.ng respectiv
posi ti oni%’%"éi@ﬂﬁge gﬁpt %ogaerﬁroﬂé}: ﬁe“ﬁg'gpgﬁ]ttetlllﬁi @E§°’it1%ﬁm§ﬁ,0p%?§?n of the
and a posj.ti.pni .Si,gna ' . I he 4 ado . It :
200- 1. Fur 0#8%?&{1'%““232%55\%2}&5& 'ﬁl‘e’{‘%%?f‘pi £1 ?‘%f Sertlis g%rg‘b‘r %’5{53?%98"‘""8 of 2
appar at Uspol i Pedsedl oAath OB, Eontlol Gin 21 8N e A2 datioR!
capabl e §:f' t rgf_r?gr%?#?i n%s ar?d%ragace! |tln€0d§1t1§{g%ngfo fgi? \/1VI rel ess igatioff prbtessor
tel _ecpmnmlocaémmse@randaﬁtao&onmrﬁ%w&, (Jutipbepskitn UBRmAMRNE unit) 432 for
positioning signals. 25[0157 e RF front circuit 404 is . _
oper a3l e, determirgsPansedécd pasidepof thg pasitoghdnnageeproedinyyapphena e vaged on a
402, to perform a noise renoval processing, or a filtering processing
f or out pusigiahguipnt from e gietermindng it 41Hr eded inddobpositiondtgmnit\(isdgmapbsition
output fromthe RE front circuit 404 is input into the down-converter
406. [ 01dsggrmination 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
G?S satellites 110, 111, 112, and a positioning signal emifted from the indoor transmitter 200-1.
Further, in' cases where the "position information providing apparatus 100 is embodiéd 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 oufputting only
a signal having a predefined bandwidth. A signal output from the RF front circuit 404 is input

into the down-converter 406.

- 30 _



The down-converter 406 is operable to anplify the signal output from
the RF front circuit 404, and output the anplified signal as an

i nternedi ate-frequency signal. The intenedi ate-frequency signal is
input into the AID converter 408. The A/D converter 408 is 5 operable
to subj e@g %)he i nt ermedi ate-frequency signal input thereinto to a

di gital B ersion processing to convert it into digital data. The

di gital data.i§.i.0 ' : - | -
baseband pr glééegg‘g? %8 h@;: ﬁ)eﬁt 1?: g?%?lg'? (g ?ﬁgﬁfyﬁﬁ% %%8{1150%?}% é rﬁ[{gl)%l@]%tRoIJ ﬁ'oﬁtrb?rcmt

perform gaconte! gl [ etyegl tie-8ReL SN \nd
t he code‘ﬁ)gét %%drsna?t ‘gg %lgt %?%%éitshéggnr?zmr ygﬂzo by et he -ﬁégﬁ?r o}? %%?a? The

414. ForinRuasmhte-frebidhc§ Qbnblols ikt tintd ¥de WD @BRFoRiet 208. 0 MOV EorfvéRer 408 is
types of code patterns different in code phase by 1 bit, and the

correl at@erably to dibjeck sho paéraklintd Mequendyosigha ippockasinkgtoh digitt dogersion
the two types of code patterns with the digital data send out from

t he Al D mrocessing &y cot®@8et itFntd digital datae The digital data isrhput4itd the basplemalyrecessor
based on the code patterns, to 15 track a positioning signal received
by the pbdition information providing apparatus 100 and identify one
of the code patterns which has a bit sequence identical to that of

the posil0l®Hing signal. In this manner, the pseudo random noi se code
pattern is jdentifjed, Thus, the position inforomatio ovidin ,
P par at us 1805 arrehGbpmrr 1 e RPErEr ol 408 B e el Rerorh deorslation
posi ti oni ng Si | is.transm.tted, or.whether. the gsatellites the

Feceld edse Bt iegRER oS5 oL imd SRS Bheh ol BhERPRBE pielory 420 by

¢ i o . N S
NS o Bk MROSLAAD AOLAAPLLON AL DS, ABORER Dokl o
posi t1 ond-BEms 'dgﬁﬁbntalﬂ‘j:ogéﬁﬁ‘ﬂ@ b9 1"BRSARSNE R6HLIDy LEH a92 i.J.\/B?éi"able 10 gerform a
specifically, the determning Unit 416 is operable-to performth

above dejesedingbf RiatoBigathe t%6 ighed OF cB@S Patidefenidh e dgitd lidta send out from the
determ nation, to the navigation. processor 430. The determ ning unit

416 i s ol edvertdrai0det Buntiencthabaidigtor aniPRNE isBperableybadd b tite ¢odle ghttads, to
positioning signal is identical to a PRN-ID assigned to a transmtter
ot hel t Heasktahpositicumgrsignad rrecaivadnie theoppsitim ipf@menere ptavidisg apgt@ng 100 and
One exanpl e where 24 UPS satellites are used in a posjtion .
det er ni ridentsy o8¢ of &n ¢ade paperng adichi s Wb seanenqerideical ©abat of3he pppitiening

DR 01 GETPR 1D AMA SR e F8CuH G R GoB RS e gerifi o iy fiepgtiion
UPS tel Lit PRN-.lL Ds d N- 25 PRN.. 36 . .
For | aedpioryro Povg fupel (bR Gtalt fam P Bt BRI fogeivec
Y SRS . o T
ot an 15 Sl St f By, RS R0 Sl R b A B bning signal i
Prepgy e {RAkmRRASkdh 8nd dobf Gafnifidie l#ﬁél,%ﬁ% ?béiii&r? if¥6rntdien t @sﬂéiﬁgtabﬁzgatus

and others nmounted to the UPS satellite. [0162] Further, for exanp
12 t ypes)(0fis ppeuble, baad emtnoidetifkaded phtteed,t6 demedwlasithe pekifiching signal and

decode a message therein.
[0160] '
More specifically, the determininig unit 416 is operable to perform the above determination
25 and send out data depending on the determination, to the pavigation processor 430. The
determining unit 416 is operable to determine whether a PRN-ID included in a received
positioning signal is identical to 2 PRN-ID assigneil to a transmitter other than the transmitters
mounted on the GPS satellites.

[0161]
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10 transmtters (e.g., the indoor transmtters 200-1, ---) other than
the transmtter nmounted on the GPS satellites, wherein nunbers
different fromthe PRN-I1Ds assigned to the satellites, such as PRN 37

oo o s SRR E et 2t EESPREIASEUSS: Blod it RSt Bt oo

PRN- 37 t g PFE 8, are si.gn the in rtra ' ! ' )

aki g eSS B %ﬁl?ﬁﬁ@%ﬁ&%ﬁp'ﬁ%ﬂf sh R Ryt i codsare
a trapsp O PRRYUS Y ‘ﬁﬁ‘%? :

i nterference g{e%/]\legn éllg?i?gﬁé% tgﬁeg?ige?r%n?t e | Eﬁo@fﬁmﬁy@ﬁg&ﬁ?{tﬁs@?g{ve GPS

the samegiiitied ?WDE’}? aHE FRN-D5 WYWVPRN-3ORfEnl dsNBmbRAORE identifying respective
transmtters. Based on such arrangenent, the transmtters can be used

i N a nunbars AteBRtLr Thbagrd hadllieindahea BibHitdvhieh & Mibhel lhaichéditsddiation s an
for use on the ground. [0163]" 20The determning unit 416 is

oper abl ejnitwllylaunehal attitet oThdextpSateltite isdanrhed i repacotte ppatitiie filare of the
stored in the nenory 420, to determ ne whether a code pattern

acqui r edGPS catelite @did tvacmttes and athéem quosintgd 4 the GRSatellitecal to t he code
pattern assigned to each of the indoor transmtters. If the two code
patters HH62] dentical to each other, the determining unit 416

determ nes that the received positioning signal |{s transmtted from

one of the FRUREr 1orr SRS (1dr Wpes pf Reudo rRwdoms, ngise oy pritens, are aspigged to
determ nes that the recejve osi.tiqni ignal ;is transmtted f
one BT 1 Renstyblers [ ey P radoor FRBTIHERQONAs PGt FHEBUS mounted B the

oper abl egleng’.'es%t% & ShERS \{r%egsh(%ﬁéfequ#g%tt\%l\g i‘b@@-ﬁis"és?%ﬁg&d‘ntggﬂ% sPRTRSYsuch as

n
420, to ne’ one o € sa 'S as

acqui 1 odpRadey BIHELR. wbbLNAUOD AhBXABIGE oP ARSI SRARE TPHRePRbE i i

has been shown as e he determ nat1 on,
det er m nalanfile, MRYe R ARIRNAIED FOR KATPR] {HROPRNI37- to]flﬁRN.tztﬁt HeTasd@ed - to the
or e

For exanpl e, conparison of- the PRN-1Ds nay be used
det er m nadb&trani@Qit@d] while taking account of an arrangement of the indoor transmitters. Thus, if

15  a transmitter output-is set to a level capable of avoiding interference between éignals emitted
from the indoor transmitters, the same PRN-ID may be used in two or more Of the indoor
transmitters. Based on such arrangement, the transmitters can be used in a number greater than
that of the PRN-IDs assigned to transmitters for use on the ground.

[0163]

20 "I‘he determining unit 416 is operable, with reference to the pseudo random noise code
patterns stored in the memory 420, to determine whether a code patterh acquired from a received
positioning signal is identical to the code pattern assigned to each of the indoor transmitters. If
the two code paiters 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 defermining 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, o 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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If a received signal is identified as a signal transmtted from one
of the 'S satellites, the determning unit 416 is operable to send
out data acquired fromthe identified signal, to the 5 outdoor
positioning unit 432. The data acquired fromthe identified signal

i ncl udes ,a navi gati on nessage.. Ot L Se,.f the receiye ignal. is

| Gont 1 1 08 B8, SBirs DIy ongi e T BT IRS g BB (G Aelenitaton
transm :{@ﬁﬁr‘ﬁ for exanple, the indoor transmtter 200-1, the

determ g'unit 416 is operable to send out data acquired fromthe
identified i t Y. j ot gFH.nQQ{' i g ' i
coordi nate I\?}glgg%gvegrs - tgf;rtps 1%%&%@3{1 SP ??)frgg1 ‘:ﬂ ent | dﬁ?r%o%gﬁ%gf@%’g}n#%%ﬁ%uh%s’ the
I ndoor geRRRMdel &dit 486 ?@9{%&%1&% SorfdChlt Aath lqhitéd FOM th@Ndentified signal, to the
identification nunber of this transmtter nmay be used. [0165] 'n

t he BavisgflbbOpbsRIcaERIEA433.30Thd e AdtE@PRoRGEd HbiRiTicd Gighal ihcldded alvigation
operabl e, based on the data sent out fromthe determ ning unit 416,

t o perf egssagepr Othessicd) df thereived yigabli indlentifiabad 4 sipnadfirahdigitipd ot @1 of the
i nformation providing apparatus 100. Mre specifically, the outdoor
posi t i omdogr TSnemitters4 3@ exsmpbe rthdlinjoob dsesmittar A80-4, ithec Hetemuning unit 416 is
signals emtted fromthree or nore (preferably, four or nore) G'S:

sat el | i pperabledo sendowt date apquirsd dromy the pdeppBgdsiced, toitheindeer pasidiogingralitsid4.
and, based on the calculation result, to calculate a positioon of the

posi t i o srfab eepidinal WY PRy se 3h drta dRrsidaneying 3iposifpn 06 i ipdpar dransmitter

perf or med ysi a conventional, satellite posi.tioni ng.technique., This
P ol Bfinto o i e BN GRS A ushCh Shion bbb e haSeg
Thus, ii?ﬁmggscri ption will be 20 omtted. [0166] In the navigation
process 0, the indoor positioning unit 434 is operable, based on

the data St Oplyidiibldessdes s Wld ool Bhditid s nliO4P2L el based on the

pl’ ocessi pg or pp . eterm ﬁatl Orl | N cases . re t e pOSI'fI on
i nf or MaighgRefoAY rHiNBe ARBBiRhY Snit 495, it§ Pér%ﬁi@ obdsial féﬂ@%faﬁﬁ% 8 Posiieh of
As described. later, the indoor transmiter 200-1 is operable to emt

a posi t kepdidioni igfoamaiolc pradidivg gphmnisor00l defure kiydeifiraby,ps iohitdddr positioning
(position-1D data). Thus, the position information providing
appdaf at usit 40D icaperatde; diased drhdatp osludedm signas gmited o e actnockaipeeferably,
included in the signal to identify a position of the position .
i nf or matousor prose) GF S eptelpisartacalsulaBoespaeios reepaghiéondinesfithelsigaals and;hased
i ndoor posjtioning unit 434 perforns this proc,essimr}g. Dat a cal cul ated
by the ongbe 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“detennining unit 416, to perform a processing for positioﬁ determination
~in cases where the position information providing apparatus 100 is located in ap indoor area.
25 As described later, the indoor transmitter 200-1 is operable to emit a positioning si gnal including -
: datafor identifying a position (posifion-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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out door positioning unit 432 or data read out by the indoor
positioning unit 434 is used for display on the display unit 440.
More specifically, these data are incorporated in data for displaying
a screen inmage to generate an inmage for indicating a neasured

0% P G o O A AT R ARt v o
e 1S ARGtk o 0Su 20X 4 AR b T RAERENL g

unit 450 (jigng@@% § QLEDH B3 BerfeRHTHN Iiffé@ée' it dafin Q?ne@%ﬁ%d;ﬂg%iﬁd(nqr an image

exanpl e, a“pdsition informat fon providihg server {not under

control  Ofy idaRaGRNE k&l péRition 4d.4., ad Rlsl&&dn locatioR JHg AR EHAERHIODO0-1), and
illustrated in FI 11, althougﬁ not particularly limted to the

f ol | 0 Nathe image isdigayedbyakesispingutiedsgeen the reception of a position
signal and the generation of display information, the antenna 402,

the RF fr{@hé7]circuit 404, the down-converter 406 and the A/D

converter 408 are forned by hardware, and a processing in each of the
baseband pr o€espitiohlibfotBazmdprohidingaapperatus d A0 fertice seoprist8@ comynupisation unit
perfornmed according to a programstored in the. nenory 420. However,

i n regar d*¥00fon perferedng d#g commupicaden With4he putside: fon epamplpea pesitien wfggmation

unit 412 may. _pbe confjgured to achiev e processi ng based on
har dware,PrPﬂéxngaave&fngbﬁhPm}»@ﬁ%&w? obthe YRGS ence to FIG 12,
a control O%@ation of the position information providing 20
appar us[ w Il be described. FIG 12 is a flowhart show ng steps

1 L e T
I ntornat i;gn, sﬂ% gf&%@gﬁg&r@e&lt@? %cg:lg?t;&i%{’ d ﬁ(ﬁsn{ { ?aﬂd‘%ecﬁﬂgﬂéﬁﬁ'%f &splay

positioning s peci , the baseba processor 410

accept s gifdrmmitn, 2% Atedhal ALEHIERE BRIk kir6t BG4, Shé Bawn-converter 406 and the A/D
(digital -converted data) fromthe A/D converter. Then, the baseband

pr ocessorcofiéiteg 408 bRt fofmedby h@fwhrepsndod ppsasitlg it santiahthobaebaddescessar 410
plurality of code patterns having different code phases reflecting a
possilsl e aidl thy ,namigdtiate pectsot H30 maysken perfained according to a program stored in the

memory 420, However, in regard to a processing in the correlator unit 412, the correlator unit
412 Vmay be configured to achieve the processing based on hardware, instead of software.
[0169]
| With reference to FIG. 12, a confrol operation of the position information providing
20  apparatus 100 will be described.  FIG. 12 is a flowchart showing steps of a processing to be
perfonﬁed by the baseband processor 416 and the navigation processor 430.
[0170]
In Step. 8610, 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 correlation 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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absence of correlation between the received positioning 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 - patterns.
As one exanple, in cases where a chip rate is 1023 bits, 2046 code

pat t er nsatiaa] NAs ané GG, il basde vaiyre archgoeee 8N183%bitk, 2048 edilegattbmd having a
bits can be generated. Then, a processing of correlating each of the
code padetpaential déltzhort dvelerphasei diffelesdegetal /2 bits par bogenechted. n Thhe, a processing of
correlation processing, if an output having an intensity equal to or
gr eat erconiekating epsheofcthe wedt padletns with thetreesived stgnphis pegforfied hdn dwdeorrelation
patterns, the baseband processor 410 can |ock the code pattern, and

i dent i fRroesseingfif ahentehaying ae integsity pauahioros graster theadi pyedeliped valuaiidatgeted
signal, based on the | ocked code pattern: There is only one pseudq

AL g e Sl e S od ey
posi 1 0HeAS T e i e B8 FEset porifempdteu drtmi e Rekehitade patem.
roce vl Al B EROET b goisk YBaRRRAR Dol Refln ROt B Xekf o mavsn
Bppar at AT B orlaBn! i Ol AR ol Rl B8 FREHEE pRAGHIEL gl g 9 gpread

151 n  St@Betrfd dncolliFsiBas RhadMifRa 0cessor 410 identifies an em ssion
source of the received positioning signal. Specifically, the
deti@rmfotyg unit 416 identifies an em ssion source of the received
posi tioning signal, based on the PEN-1D associated with one of the

t ransmi t t eAs dedofiedlates, tas piogessdg of tdrraatpgaurdaivedradd avquived eigedldeith each of a
pattern used during nodul ation for generating the received '
posi t i iimabtysifgeplica(code pattames gegerated inside the ppeition anfsmastion Providingiapparstus
determ ned that the 20 received positioning signal is emtted from an
out doorl09meay alsorhe ashigvedos amstalicheropessiagi fted to Step S620. If it is
determ ﬁf'&ét hat the received positioning signal is emtted in an

i ndoor | , the control routine is shifted to Step S630. O herw se,

o é#taL oy B STl Sei)?%%raﬁ’%g%ﬁﬁ 1fgﬁfe}lﬁ%%”%g?fﬁ%%%ﬁashﬁcg%Eﬁﬁ’%?%%ved
25] 0173 ROARE SEE, SGRGAGR, L acl MUERF I AR LdchEibe o ERorbliee of e

appar atﬁ&i@é&%o{é‘i@iﬁﬁﬂﬁ's?g&ﬁ? bh42€ oR IR PRAOIDGsSi AP With Ond 6flHe B @rs which
included therein. Specifically, the outdoor positioning unit 432 of

t he navk gaidned withQCR6dY raAdén Go1¥e dudap ferd HiRd dofing indtkiagors fod RgheritfigNe
the code pattern tenporarily stored in the nenory 420 (the code

pat t er retabeklgasitioninp eigadlde gresing dreademeny 480 in BEE.dil haflf &ris detedniinedetiat the
as "locked code pattern") to acquire a navigation nessage from a

sulff r areeicedrpositioning signelhe emitadiiasm ph guidpqraata, tEtventrolirputSiedp sii§edto Step
t he outdoor positioning . upit 432 subjects.4 qr npre acquired

posi ti oty Hiifisafetermiped tﬁaa\%wla?ﬁ Resiioning penst égs%‘? &% ag, Indoor area, the

P epr OGSt huthe A9 Shired oI5k 48502 '¥rwlsl, & O3 ERARY TP M eceived
positioning signal includes a plurality of positioning sigrials emitted from botﬁ the outdoor area
and the,‘indoor area, the confrol routine is shifted to Step S640. _

25  [0173]
In Step $620, the position iﬁfomlaﬁon 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 signal using the code pattern temporarily.

stored in the memory 420 (the code pattem locked in the aforementioned manner; hereinafier
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5[ 0174] Then, in Step 5624, based on a result of the above
processi ng, the outdoor positioning unit 432 perforns a processing
for calculating a position of the position information providing

apparat us 100 fof SXafple cidd g&&ﬁ??"i’ﬂea{cﬁuﬁé‘% H%'aftfoﬁnmieﬁﬁ%e’ ?l’régim‘AZSub-ﬁmne

provi di ng apparatus 100 receiveS positioni'ng signars emtte

or nore sat@nbtrh@sy 1R PosHloAEesigRdICUTRd QR St8p RBD2 0MBESdddr Yoksiidning unit 432
satellite orbit information, clock tinme information and others

i ncl uded i nsubjevis g4 tor OMoEESATES pdsitetg aiedlsh foom HaoRPRET inveBsage processing as a
positioning signals of the satellites. [0175] O herwi se, in cases

wher e, in Sirgpo&sdidg of fusitipakteimmationd, or neinventiopalawimheng appar at us 100
receives a positioning signal emtted fromthe satellite (outdoor

si gnal ) Sand0&74Josi ti oni ng signal 15 fromthe indoor transmitter

(i ndoor si gnal)gl,1 t he position information providing apparatus 100 = .
denodul at es t h&hgpodl Blep AP besedral astesut efcthe PhavedaRegssing tisdardaor gpwiiening unit
in Step S640Q. Specifically,, the outdoQr positijoni unit,6 432 i .
dendul at e RHRHRRS 13 BivrTRNg ign spisulsting A RASTOPORH TR Hiafumation providing
processor 410 usi t | ocked code pattern to.acquire data i.n a -

b rame CBREHIE 1P o weHBE: Pressaaies Biogon g oR iy yifiud spasgats 100
the positian.i -] i.di 0 .. 10 Jis

so-cal ted SRS OAGubE N RIELED R s BOR i PaRBELA R ln B performed
si gnal gf Omshigﬁsa%@}ﬁ@' orblt Enflatidle MR fi nhﬁgm%@ﬁ%d iR ildfuded 4R Havigation
transmtter. us, a navigation ressage having clock tinme data is
acquired ffrﬁ;éﬁséé%_@d&ﬁﬁlﬁdtémfr&ﬁr%ﬁ%ﬂ’e biigRik SR G the §clliRad data

havi ng position information such as tphe coordrnate values is acquired
fromthe pdgsiriloning signal fromthe indoor transmitter. More
specifically, in Step 5642, the indoor 25 positioning unit 434

perforns a proQtesvieg imtasac ghenej meBieh 8612, dwopaditivatiefoundtive HEEding lapparatus 100
Y-coordi nate val ue 564 and the Z-coordinate value 565 fromthe = =
posi t i oni ngeedivas &l positoning ¢ighelosmiftad fomdde satellit©ridoesigmboand a positioning signal
‘Further, the indoor, positioning unit, 4?4 acquires, g navigatio

messagd f r JF e P9k frensrter g sighalk (R PpsigRR BT Hviing ppparatus 100
and perform a navjgation ssage .processing. Then, .t optrol .

Fout Pne. 1s SeAoRREY feoPaptanag iy i soenue og inchef Bk in gep se40.
of selecti LL 00 ' N

position de g&ﬁ@ﬁg{’ F%n%ﬁt@%gg%@&ﬁn%u %g%&%%d@agega#%ﬁgs}ﬁ%#& z@ﬁjescste}ﬁv%m from
intensitie f i i . t u i.0 r | 845-

[ the i nt cngEs P PRRoE 480 Aeinne kel StP ot ORP beaplre P AR 6o fame
out door  si gRadtiulidiecdcRdFMe pbHiing Sighfs.€ThaHis ALY th)BoRR BifdtaHaBon providing
val ues included in the indoor signal is 5 used as a position of the

posi ti @0 i nipparankil00 optates dh AGoaafled dliybsid iB6de"] Becdbde it receivhebuhaie pbditioning
cases where, in Step 5612, the emi ssion source of the received .
posi ti oni ngigiahdmim itle astcliitdond tsoposiionizgdigaa fometwi indowf tradeeitter.  Thus, a
i ndoor signal is equal to or greater than a given |level, the, o :
det er m ni ncPaviigation meswee Saving Slockisng, data tip acguired tiiom thepevimingppigual from the

rovi di ng a r at 10,100 i s .set.i.n the hase si gnal -recei.vi ng.
Iromd\él, =ngsﬁ§§ﬁ%3ﬂ53 dpie hayjag %3%15194 infprmation sshias em%'e%m% %ab%%%gﬁgd from the

n the o aetshDEEREARICRE R paBERe il Remoedi gr b pBed fhe indoor

post L1 on | gk LR PA O RPRG 18 NIOLBTIE A Sl e 56, o
Speci fi cal IY.codRateVARRIS6RARE tHONESE MM tath3 465 goRANE pbPfordid}Esignal emitted from -

positioning signal sent out fromthe 15 baseband processor 0" usi ng

t!he | ocked 56 gaioBR trh@¥niltt&:020C N Ui Fithdr, TRS Fe6r Patittoniny nif ubs héquies a navigétion
constituting the positioning signal. This nessage data is data

included i Mmésp@séhané pesitdrimpligaftichiigel fromnthé IGPS ookt dnd aRebin afavigation

i
H

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

- 45 -



20[ 0177] Then, in Step 5634, the indoor positioning unit 434
acquires coordi nate values fromthe nessage data (i.e., acquires data
for identifying an installation |ocation of the indoor transmtter
(e.g., the X-coordinate val ue 563 t he Y-coordinate val ue 564 and the

Z- coordi nat.e_val ye 565 in nal 560%) I n Ses. e{.e ?etxt e e
o or mRERGHon HRFRe Peens P HRSHD Pﬁllglséﬁ“i’" 0 bsala?ff Binfhg posion fiyterpgnation is
dd Il a t th

o e ROl R Rt eBby 8 L Saba0, ek Mo dfle it SeblglR 1] ovtdoor

Subsequg y’F g@ﬁm{l@g?)gﬂ:ﬁ 'Tuﬁetﬁgyfotf%ie irf?ioc?tt 5%3?2%@1’%&9 e th(ajt of the outdoor

O herw s position in I on provi

appar at@aﬂ% {rdoSeighal id Eb?ec%dpaﬁ@&esaoeﬂﬁlaté £48dsVinRYdEPR e tiﬂlﬁ)or signal is

posi tion | nformation providi ng apparatus 100 denodul ates - 46 -

posist i aRkd8s Spadidh Jdf thedfRition enfBiiaion bfovitEng dgparatdsD)0oi ncl uded t herein,
in Step 5632. Then, in Step 5638, the position information providing

. appar atf0$76§00 transmts the acquired transmtter IDto a server (not
shown) via a network, and receives position information corresponding
to the acqQihesdse immsses there, DSfepdinl2htesorisstm saf@10fdhe received pstitpning
S650, based on a result of the position deternination, the navigation .
proces wah:s @0 FrdoppsaEcen sush eciateasinp Tty indpersigng] isgawaléo progpaterghan a given
i nfor no t he di spl nit 440. eC|f|calIy, t he, navi gati on
proces ’4% Sé*glt%éetewas Whrther the positioggnio HéatéPécﬁjPYla’&g apparaius

" ndbor W@biﬁ%&ﬁ &a@P Qs et o ”St 30 38 ST 6% R preon

posi t 1 aneyig Fhaftoh 160 STRG: sl BF R Qb Bl AR50 BBUFNEe. B serip e
100 on @Adﬂeéé?{uﬂ niddedr tﬁ@i—ﬁatse mganeBm{qﬁE%@dE? &né 90{ i6A ﬁ&maﬁoﬁi nPgRhdYg

node of the pos t|on I nfor o of the position informat

provi dizpgarap 200t etiodllesht bodiGordRs G kd) eslacqllrGdat 3ndlded tﬁlﬂrﬁﬁ [ i@Btep S632.
showi ng a screen 15 display on the display unit 440 of the position

i nf or meBpecificyllyothedndw@r ppgidordigimnitl43d. deibenateh thepusitibhing sighdlGemtanik fom the
provi di ng apparatus 100 .receives positioning signals emtted fromthe
GPS s atbebdband processamd Iunsiigohe rcked cadegatierab agqunei 2 mdssagadaspinesy sibafiame
icon 710 indicating that position information is acquired based on
the GPSopBintinghe @gmgmgmﬁlgnahhms mgseage slatasis datgringlided s 4 pasifipning signal
|nfornat|on rov aratus 10

d
ot or et on Brovilnn, coparals 100 Moot L SRDIoo B 8 i
: |
JER ey 0 S 5 PS5 G
tt tt 200 1. Th |
o 9 R Sl SR gt Lo 2001 702 S g

toJpe epifped fromthe UPS satellites, as nentioned above. Thus, the
position i nf ormati on providing apparatus 100 perfornms a processing

for the siDwal id Step SH34 B riRdoos ipatitiawing Gnd 484 eeesisds @ otdnabe viledst Pormate
when positioning signals fromthe UPS satellites are received. After

t he posnéssage dataf @eqratquins gatafrddenti fripg an atstadlati @Olosatipni of dlse ipdedrttiapsmitter
information fromthe signal, the display unit 440 will display an

i con 72(9&&&%@99@3@%5%5@ w@sﬁqusﬁlnpﬁwgm&éﬁ@ﬂdﬂ@%éwﬁm@e vah@ééSm

on a Si nalﬁ ed fromag transmtter ihstalle |nd or .area.
_ the signal 560)). In cases where text information indicative o the msta atmn ocation or a mail

25  address of the installatlon location is included in the frame in place of the cobrdinate values, the
text information is acqulred Subsequently, the routine is shifted to Step S650.
[0178]
Otherwise, in Step 5630, if the position information providing apparatus 100 is set in the

Q-phase signal-receiving mode, the position information providing apbaratus 100 demodulates
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[ 0181] As described above, in a location where it is inpossible to
recei ve radi o waves, such as an inside area of a building or an
under gr ound shopping area the position information providing

naves em  PedoroiEsiind ¥ aGTRR el Phrsple F 8D BRlfieh et digh i 8557 Then, in
the i ndoorStEé)%@%“éﬁé gési‘tio%oigfoimag%ggl%wdﬂ%pﬂa@aﬁughﬁﬂ traila'ﬁltpﬂ’l%'ai:ﬁlﬂf&d transmitter

I nformati rovi appar at us to acqui

i nformati om fodeRiet ]fﬂo?ghcﬁvrﬂ(%ﬁi 4 h Ao afdRedil@BRGiibA ﬁifoxﬁi?atign corresponding to the
coordi nate values orf nail address) and display the information on the

di spl ay unicquidOranBaged 0 fohhfic 8éré@l ayed i nformation, a user of the
position information providing apparatus 100 can know a current

positidn. [Ob¥&, it becones possible to provide 10 position

i nformation even in a |ocation where it is inpossible to directly

recei ve sat el In 8tep B6%0, baspdiong: siwjhet the pp@ti@Ldctermirftios, thvekeggation processor 430
possible to ensure stable signal receiving in an indoor area, and

provi de pax¥iorsh 4 prosessing &t displayigathe epesiiionr ifgrmsttion hory tthes eljeptay) unit 440,
neters even in an indoor, area. 15[0183 hi. addition, a clock tinme

on. the grGRECHB) Ji% DEYIERIAS PRCESEAN generates ipgg sdat dor Wé&é‘img the acquired

of aEZ?ht Efﬁ%@i b e 388, B fogftaig ”‘?1@%%%053@{9%%?9? g F PR O0-L, aod
other. uS%hdg ut eec&)a%e tg%gsspl?l 4?? eraset]i Irltﬁh da Ch eacﬁ%ﬂiy unit 440 di%})lays the

pr oduc |on cos 1S No nee

to synchr A6n S5k r

whi ch facicifyl tat es sysﬁioggi?ﬁnlg galgé%ﬁlf&ﬁ%%hﬁ&hﬂ%dﬁ? %?%tlpgﬁﬂﬁ 'Eﬂrsfofa? afta.
directly iegg)i fying an installation |ocation of each of a plurality

of indoor transmtters is included in a signal to be transmtted from
each of the i|vdhorefdrémastsi RIGerS, avdispldy sbdéeofiahe pasifige thfbiation of the position
cal culating position i nformation from si ghals emtted froma

plurality ioforRasen mbyidingsippathus 100 wilbbe desesbgos FIB) 13 is @ diegram ehowing a screen
positioning signal based on a signal emtted fromone of the indoor
transmidtt egsmas{ qu s displaymuitt448 0f the posigien infowrationipreyigios ppna@aiusClaﬂQ b&hen the
identified by receiving a signal emtted fromonge of the indgo

transmtt eﬂoéltloﬁhl‘i‘fgﬁm’ri’é’ﬁé’é‘“ﬂih% auearye 1 Qlyepsiyes nosilipnips sige éﬁ@ﬂaed from the GPS

position i nIeﬂ

[tesin an outdoo% area, the display unit 440 displays an icon 710 indicating that position
information is acquired based on the GPS positioning signals. Then, when a user of the
position information providing apparatus 100 moves to an indoor area, the position information

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. After the position information proiriding apparatus 100 acquires 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 transmitter installed in an

" indoor area.
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provi di ng system as conpared with the conventional satellite-based
posi tion determ nation systens, such as the GPS. [0186] In the
position information providing apparatus 100, hardware achieving the
conventional 5 position determ nation systens can be used to receive
a signd@i8tyansmtted fromthe indoor transmtter 200-1, without a
need for dedicated hardware, and a signal processing can be achieved
by changi Ag described ibarienip aslorttivareheraiusimposeble tp seoniye madiel wayess feghtas an
design, of hardware from zero to use techniques related to the first,

enbodi eide arepis breilding ot apBadsrgspand HloppipsEds therposiien daioematipngeyidise
A SRR
or oy g et B8 SRR (P e b B Rl RO A0t D02 P A g
the mobBfot, iptpristiG bisidind Bt 20 BbockBE) scf siTBiEEAoh ktying 2
106 A 0 0 Dol 0t K880 b3l obtn

‘oper abyethe AnPRIYAINRAN4DO BadeH QG B isplOyddahfodhfich, PUSTOF Biebsitioh information
determ ni ng whet her received radio waves are emtted fromthe

sat el | proeidingr agpaatisnti@ocant krms Aicutrert, pobioad Thust ftcbdebiNed Possibié o provide
programis achieved by a processing unit, such as the baseband - _
pr Bk espositionAlnfemation wewkly in tehbocgtissi tihere itnif dmpassitde tprdisectly meceive satellite
apparatus_ 100 20 may be configured by changing a circuit elenment for
t he depasitigningsigmalsto a circuit elenent including a function to be
achi eved the program [0188] In cases where the position )

i nf or &P provi di ng apparatus 100 is enbodi ed as a nobil e phone,

Such a5 o TPPSRSat et © it SaHe Sl b PR a pvice

phone, . doie QB A A M SHIE |RHRY e AR (sl Bl NS a0 ot

recipi I'S case, posI rmation a e caller, i.e.,

POf4 ti fgﬁgé]nf ormation acquired fromthe indoor transmtter by the

position I'nformation providing _ _
In. addition, a clock time on the ground (clock time of a {ransmitter 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 synchrondze clock times
20  of a plurality of indoor transmitters, which facilite_&es 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 ﬁeed for calculating position information from signals emitted from a pluraiity of
25  satellites. Thus, it becomes possible to derive positioning signal based on a si_gnai 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 easily achieve a position information
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apparatus 100 is transmtted to a base station relaying the call. The
base station stores the position information together with receiving
date/tinme as a call log. Further, if a caller is a - 49 - energency
contact n : 10..1 ) 41 POSE L i =gt | on. of - T
call or o uding Syflem, b Sobheclfi03) oPRRVHGRaL BB ALy & Bptomination
froma mobjd&neamnbe sredpgved in the same manner as that in -
conventional notification of a caller froma fixed-phone during

emer gency [@@dyact. [0189] 5In regard to a transmitter to be installed

in a specific location; the position information providing systemis
achi eved by Uusehopositionriafesmatidreprocidinadpeaatus 0D} hardwgara ashigving thei coniantional
to a signal to be emtted froma transmtter nounted on a satellite

for po8i t positietedetempinaticnosystelisusan be usedclonmeseipo 8 svigiak tragsngitedrifioat gheaindoor
need for newy starting design of a transmtter fromzero. [0190] )

101 n t he @eBsRiften 280G oithevton need fotdfeticaisds hatAvaw, aed or §EvA) RrecesHeg can be
first embodi.ment, spread spectrum sign i's used asd'i posi {ioni g

si gnal . " achiabiicBuiibe %@qﬁ%ﬁpg&awspib% thersis gnaeed igrstagy Sigf pt Hardware
onvent i ofiar S Fothe TREREGEHERadr S a0l bt Boghlg to soppres
Thi Kk i 1 bl e, t i |4t at. | i bt a1

T o B BBk U8 bAoA EFALA LI finfuPI0h LAt o
200- 1,1?; ﬁgé&é&{%gﬁ&@r@% Sosfifon %g%rgﬁgsw%\a&ihgr??maﬁ' lodt | anuthBerie Yecomes

Thus, npl e, position-1D or ‘rdentTfying an installafion

| ocati on ¢a&itetosRbyies h p¥dlion n@atibe ProidisRy apph@tus REdadld Fpr@Rntify an increase
makes it possible to sinplify an installation process. Further, anong

i nf or mat i éncitcnitbizebndo@npittisdnagcieasdigestiod.adverti senent data”,

"traffic information", 20 "weather information" and/or "disaster

i nformati 6#8Fk. g., earthquake information)" can be provided to a

receiver while being rewitten in real time. Thus, various services

can be achi eere speifieallyn el pempry 4Xeof Hgamsition Apkrmetiosy propiding, apparatus 100

firmvare of the FPGA. 2 for rformng a signul processing.can he ..
di rec#y Delds th H&W@ﬁ@g Sobe HAga AR RS ARAE dae pafelites. B position
conmuni cat i on az.chemes. nodul at.i o chenes) .i n variou sition

determ nafTBHE, SHEC TS 106 it sl piosiRh . perfom o
‘band or a gﬁﬂg_g{élﬂ{ﬁl HP dgg#ﬁlsgﬁﬂe%}%ggfc%ﬁ{ad Bgdig %Ja@&st ard %%r%tltéd' mﬁ%ﬁe pa\felﬁtes or the

digital b I'm 1 ng econes poss e to suppress
i nterf er eReRoMriRnRtdSBassy 81 BIEPHI BN 2R %r@grirﬁ COMBRGY B hlp!cc?c%!w siiflupit, such

E.r e as the baseband processor. Alternatively, the position information providing apparatus 160
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 acqufred information may be held in a nonvolatile memory 420, such as a flash
25 memory. Then, when a call sent out from the mobile phene, the data held in the memory 420
may be transmitted fo 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

- 49 .



[ 0193] In the indoor transmitter 200-1, different information can
be provi ded between the |-phase signal and the Q phase signal, so
that position information can be flexibly provided dependi ng on
situations. In addition, anplitudes of the |I-phase signal and the

Q phas emsiggmayl contact tymbed{agst HE in fapiaw), dositiéryinfamatitnaef thacdlsumapbadizectly
modul ation schemes other than quadrature 5 nodul ation can be used.

Fur t hepotified; r Ahenthegiopificationsi a calter hom/amiohiht (andigjaghiperd in 1y seme manner as
dependi ng. on an \installatjion_|ocation, t.ransm,ssi on power can be
set t ot maﬂoaéen@awmtlécaapn P& sallenfAmz fxedrRbens dymgamesgracy gantact.
regul a B the use of radi o waves, such as the Radio Law in Japan, so
t hat stdé ic authorization to the installation becones unnecessary.

[ 0194] 10<Exa of, Modi ficatio AW Eh r.ef e EL.

ol e ob AT o rREsE bt PRLied afistoheb B HOGREE 48 by Moy fltfon
FIG 14 .54 Ol AL ' SR | nffind PQSHA ik

i nfor néﬁob/gdrnfgpgg%ﬁg}s% ap%gpgﬁhgégb?gé%nl n H}géﬂégltgrrpl e (glfngr?nﬁgéa? gat }%r%(.) 4

I'n t hegiexAMPb&edftted Tl i taisiRfer Roudkdd! G 4 darelBie f5:YdsRioR defefmfBioDE Thus,
used, in place of the configuration of the correlator unit 412 15

provi dgGeédinds pOssHS td dliinkts h aesBfot WP st degioa BPa radsuditdGtbm kérol hi s
case, a processing for matching replicas with positioning signals is
perfor[@d0] n a simultaneous parallel nmanner, so that a cal cul ation
time for position information can be reduced. [0195] The position

i nt®r mat i dnthepositios indormmbian arovilingxystennl & snsordingtp ithe st epipidimends 4 sprcad
20 conprises:  an antenna 1010; a band-pass filter 1020 el ectrically
connec$regtrem signal ispsechisn pepittening §igwl-nondeansiissipn pEthe sprgd spectrum signal,
el ectri ca{el% connect eﬁ_ to the banda‘?%a"_s &Ll ter 1020; .a. ovvn-converlﬁi:
1040 efbERFFCRMGT PEHRETIERTY t29 R ndie% 35 5pmP3tpd ity gonvgntiona
band- pass_filter 0] ectrical 0 ted . 1 QM- con s
Tod0: "B Aprassrar ooredo e iy belRRy S R i A Go BRI T e
filter JOphm : : . osed of a plurality of
correl & ors aﬁnéggégbgé?tmr%?ﬁ ?%%%ﬁgglégggt%pt he Al D converter 1060; a
prpyesgngllloso electrically connected to the parallel correl ator

1070; and ‘a nenory 1090 electrically connected to the processor 1080.
[ 0196] I the ifdvoatrhrgita200d1ak settiddp@amhdted dad &8 charged afdratsalktidH) Harebf.

to 1070-n. The correlators are operable, based on a control signal
out put Thusp fort dxamplep pesition-111 d8@, fot tlepwfying an mstelldivadletatign wan be Sdllectively

rewritten after the installation is makes it possible to simplify an instaliation process. Further,
among information to be transxﬁitted as messages, "advertisement data”, "@rafﬁc infonnation",
20 ‘"weather information” and/or "disaster information (e.;g., earthquake in_formati‘on)" can be
provided to a receiver while being rewritten in lreal time. Thus, various services can be
achieved. - Additio‘nally, 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 various position determination systems.
25 [0192] _
in the indoor transmitter 200-1, a band of a signal to be transmitted can be selectively
limited by a digital band-Himiting filter. -Thus, it becomes possible to suppress interference with
other systems to enhance a frequency utilization rate. |

[0193]
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mat chi ng each of a plurality of received positioning signals with
respective ones of a plurality of code patterns generated to

denodul ate the positioning signal, in a sinultaneous parallel manner
[0197] Specifically, the processor 1080 is operable to give an _

I nstruction f]@rth‘g EAG6AAndGhifer BOYA ki 'f%%en’?m% nRAGE b ]g{gvﬁfg] Eét!w%&i tHa9-phase

a possible dellay occurring In a pseu F andom hol se ¢

sequent i alg Qfaﬂﬁ{daﬂi@‘b -pRde si%ﬁﬁs &5 tha %ﬁosﬁtﬂﬁl BRIt &mSheflexitie tpﬂﬁr'i@éd' Rbending

correl ator 1070. For exanple, in the exi sting GPS, this instruction
corresponds dialidie. MRIVBETitie, Salialdes o€ $he 1-Phice 10@RI @hégd )-sHaséisignal can be
pseudo random noi se code pattern to be used). According to the

i nstruct i cdjugied eimdivadwaigh sof thhheradeusr phaseordolbtidh esclpamias| biakr than quadrature
correlator 1070, the parallel correlator 1070 generates a 10

pl ur al 5t y nofdulatide qaat bensel. difuitbererst tramsnussien ivak eamdienvariablyuadjusted.  Thus,
random noi se code patterns set in the satellites. Consequently, in

the enti réi g@}dmgaﬁne@ ingfaldationdecation  tranerissips povier cwade sp @taé/ﬁlue equal to or less
i denti cal pseudo .r andgm n0| se code pattern used for nodu

of ar ece.tb@oaw IriPBatiegs SergrgHiatingibe wseggadip H‘@Vfﬁs SRS B ﬁwh&wg% Japan,

code patter fi ed se of the parallel
correloatorS %&5‘;5{’ é‘uﬂlﬁnﬁ? 1°&Q%ﬁi?ﬁ%¥fﬁﬂg°% éc@iﬂe? %ﬁsgryr equi reg f or

per form ng{ %5 mat chi ng processing using the code patterns. This
operation‘can-al so be applied to an operation to be performed when

the pggition @3{ ANABiRERNHI ng apparatus 100 receives a signal
fromthe indoor ansmtter. In this case, even if a user of the

posi tion inf O'Wﬁiﬁtrbféfbneé @y FIli.no1, 3P 3kAhple of QibdifScatitn AP tHeElQOEMBE@@ent will be
position information thereof can be instantaneously acquired. [0198]

201 n ot herdeywibed, RIbe 1daisad bRick cdiigrah adhowirk0d Goafigurporf of @ fdsition information
mat chi ng processing for all of the pseudo random noi se code patterns

set in thegreadieglappesuaitod heﬂlpseealdpierodnmmirﬁwﬁbne Inoile epamnple ofi madiication, a
in the indoor transmtters, in a simultaneous parallel manner, at its
best. Fur mhgﬁhtye:fewrrﬁhtqram hesed, inhelagrapk Hierrpnfeweiders phthei apriglgfor umit 412
perforlrsred f or, etﬁ t he seudo random noi se code @tatterns set in the
satel I é”%‘ﬁ‘é? R FrP&%iB?n frHgmation e dding appatvyd Pt | Brikisroase. @ Pr°°essmg for

| at | hi 5 b h £49) f I d.th nmber
pecudo AR LS EOHER Ban CPAC et frbtirged Hoe SbulP B HRTa e s

d t t
i or mat 1 o skt fnb TRkl Rel B kORI, D2 il t ancous

par al | el q()%ﬁs& ng using the plurality of correlators. [0199]

In this exanple, the satellites and the indoor transnmitters are
transmtting Bied E@élﬁoﬂ AnRrhf{oRa frov e apParsGHerte0 in ¢he ekdifpls adfemodification
comuni cation sc so that pseudo random noi se code patterns

bel on@Ong comptibed: apamcrmatl 0YM mybandpado €iltas B Oadectrivall g comebied asthe gitenhat1010; a
the satellites and the indoor transmtters. Thus, the parallel

correl at orlowanisbempbificr 160 detiically sbyreatedfte dim bandipass fi rtIrGEO a down-converter
satellites and a si ?nal fromone of the indoor transmtter g
per f or m a 104@ eleemﬁgl hewaesed toghe Man@ﬁwxﬂaﬁﬂsd@éﬂ pﬁaba@ﬂrr@ss ﬁﬂéﬁﬁd@?o electrically

wi t hout particu istinction b 0
At hougherS’tmeﬁ o B Fppp: qowﬁr&eéﬁb A/l sop 3064 afepRealln comegied to the

1oL SRR 89,850 908 Hhr6 SRR 9Dyl BNGBERR,
down- ¢@nv &) ﬁ{caﬁféﬁn Ftlatg (t)(%?t?le@ﬁ%/tﬁg(%ﬁsi%{fttlg Or, Jagﬁgeeséoli]QOé% L‘,l):ctﬁgméfeéohﬁécted to the

1060, and t si gnal processi
bet ween ”}ﬁrdll%P&l%la% 1@*70 aan@ﬁ%iénﬂoﬁ?l@(ﬂél&!m@dﬂ cbﬂf‘ecﬂﬁ?@fh%bk&@ss@ 1080.
information to be displayed on a display unit (which is not
illustratg 01953 FIG 14) may be formed by hardware, and a processing
for position determnation (the control process illustrated in FIG
The parallel correlator 1070 includes n correlators 1070-1 to 1070-n. The correlators are

operable, based on a control signal output from the processor 1080, to perform a processing of
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15 the nenory 1090. [0201] <SECOND EMBODI MENT> A second enbodi nent
of the present invention will be described below. A position

i nformati on providing systemaccording to the second enbodi nent is
different fromthe first 20 enbodinent in that a plurality of

t r ansmi mitekiag aich ofautivatity of récelval pudliyhinglyigedntvith edspiotion ohes ofagiurality of
ot her. [0202] FIG 15 is a diagramshow ng a usage state of a

posi t i cwde péittermeganantedrtoderdoddatatheaositiosing sighdl cinssuonltkneodsqdiateithanner
Referring to FIG 15, three indoor transmtters 1110, 1120, 1130 are
25 rmur{togﬁﬁ]to a ceiling of the same floor of a building. Each of t he

i ndoor trapsmtters is adapted to performthe same processin hﬂ
in the af oﬁﬁ?éiﬂau}&rfhﬂpﬁ'oﬁ%%frlqudﬁgﬁ’ﬁrﬁbt e @E‘E)ﬂllm%b‘?@ﬂff%&qnﬂ? m%a@ oty

?Eﬁﬁhd. gcro&é%a%“%h%%d Fing. gpiiic ARey aprERRGir B 58%@%&%4%#@5 OB fbayine
I :
{ranam VRGN RG] 2008 affRunta MR BORUHLRTSr fle bR e 1q0, By
recel vaubaRIPASEE LANIRL IR Glam & ﬁoep&%ateﬂftesw@ x 1023

i ndoor t smtters exa Inar |on1 , respective

si gnal s&gnt 6%5&%‘%&5&1‘1'1‘1@@@%&% ARaMoldellsed 113&@001‘313&%% eRinuction given
received. "Simlarly, in a.region 1150, respectlve signals emtted
from t he ehstd®the todisoistdfalispatdildd cortdi@Or CeUD, B paedie] veeblathiORTd]generates a
Therefore, for exanple, when the position i nf or mat i on provi di ng

ap pidr atplm-a]lt;r&!f cbde p&t&m&hﬁadntenhodh phasg uding pseedd mddah naisp osdet patiarns set in
illustrated in FIG 15, the position information providing apparatus
1160 cdhe saiekitese Chasegugxﬁlal ire fliet entitle zenamated sodenpdfterns, thate ns poe codel pater
to 10 acqujre data included in the signal to indicate a nounting

posi ti dferbical; igea pwa@brm?lamet@éﬁ paterp useéﬂsfoanwéyatl% At Pﬁ?fﬁ%‘ﬁﬁtﬂoaﬁowg

e bosiebn TS Sele o G b B el By enepbe SR beChy
14

SSLQ?Z#@?%’%@E@E iyt e gh Bfe Eﬁ? 1 B R R By Bl o

t raﬁsmrhé’ta{m%é’%geésﬂﬁ%qg&% Lhdk a&é?ﬁ's S'"I%kad e;aﬁgggirhﬁsd ﬂéjﬁﬁb V\Agld EO an ofperatlon

transmtter I's c when term ne [

posi tiap ﬂe?eﬁ@ﬁ@ed WhérH8 Gokifioh hﬁoﬁmﬁeﬁlpsoﬁ&lﬁg bfpRsus eOEFdcEiders s@nal from
position of the position information providing apparatus 1160, th

det er mthatindvor neyshiterrada s ege obveanifi atuedtsoft theopositiva ndaaiatie pr0v1d1ng
signal . Specifically, if the si gnal s emtted fromtwo or nore of the

i ndoor dppanatEilf &ris animlopeared, pesltionafamation thgreaf Carlgpdsitamsaeoadly acquired.
respectlve intensity values of the received signals may be used for

di spl ayl0b38 ]p05| tion i nf or mation. If the 20 received signals have the
sane intensit arithnetic sumof data included_ in

t hedr ecei v E@rgmrﬁ% E'%e?&ew ot V) o éh%mafaﬁlrﬂg.ms%ewn& fogall of
positi e 'pQJu% q&%do &S gé(ﬁie e REY attHe sa:.ltglﬂ)es and the pseudo random noise code

patterns set in the indoor tzansm1tters in a simultancous 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 ran&om noise code patterns
assigned to the satellites and the indoor transmitters, a time required for requiring poéition
information can be signifi¢antly reduced based on the simultaneous parallel processing using the
plurality of correlators.

[0199]
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[ 0205] As above, in the position information providing apparatus 1160
in the second enbodi nent, 25 even if a plurality of positioning
signals are received in an indoor area, an em ssion source of one of

th Cved <i neoor. & rce of on
of “the o ssi e gtraae O SAHETHd M faop QB FE SRkl e spread

area, can gRewdal sidiRetle., H20Ble ASinMaRFatioR {chbfc, SREMaf bsald FndokRoise code
term"indoor" .or "indoor area" is not limted to an inside - 54 -

area of a patiérhelbélgngihig b the kard¢ 6Médoee bt 9l used bsithobd B, beluskighedicth UBesutallits and
| ocation where it is difficult or inpossible to receive radi o waves

emtted frlonmindodBRraBsmfifesd | Thes, thegparabehoptedstorseanbeastdvbabothm dignal fromeach of
an under ground shopping area and an inside area of a railway vehicle.

[ 0207] 551 riha $ateliites amtla sighd dione otg ofithsiindsoo framsmitieys émperforiven reosiwing Prappssing
one of the indoor transmtters can be limted. This nmakes it possible

to el i m nak @simuliaerpus parallel spanaen wighoahpariiewarglistipcion hetweanithpsignale be
transmtted fromeach of the indoor transmitters, and facilitate _
setting a [93%%s i ssi on power to a value equal to or less than a | aw

oo SO kSt TEBUL AR, LS HSS B! AL, MRNES,, USRSkl poviing
install ati : | S ..

[t ! oL Reboc oS, 40 JBRETHNE o yARORL TFER IR Syt v
posi tijgn 'lﬂﬁ@,rt[{@tdo%-dag%ﬂe?'1'0@0,31139%3&-E§ss'ﬁltei‘ 1996, fheOAVD BERLABL | and the

provi di ng systemaccording to the 15 third enbodinent is designed to

transmt Ghataflell krelabteOV6 Ydrrag%?m proeRsihg béraReiTihe réepfidies el piaftiofsignal and the
referred to as "transmitter 1D') to an apparatus for providing

i nfor mat i @endratioat efdnfoermitivn forbdatispldyed s @ didpddy, udin@iheedis @bt ektested ini FIG. 14)
a position based on data included in the indoor transmtter, wherein

a process naydwqgformed iy pesivarg rand raf proeassing for posponf detemmdhations élie eontrol process
conmmuni cati ons using a nobile phone. Thus, the position_information .
provi di ng 11&15;;9@?@519@@@@@ g peigored byjthesprocessor 1080 according to a program stored in

15 the memory 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  enibodiment in that a plurality of transmitters are mounted in relatively adjacent relation to each
other.
[0202]
FIG. 15 is a diagram showing a usaée 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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20 or second enbodi nent may be achi eved by use of the nobile phone in
the third enbodinment. In the third enbodi nent, a position of the

nobi | e phone can be determ ned based on the transmtter |ID.

CGenerally, while a position of a nobile phone is determ ned as an

area of a habd @tgidepamdivy ahmbasinggoeitivadofiths igivat remntitted, theens thegion
nobi | e phone, the system according to the third enbodi nent can

det er nmi(ne, $faec)puiwird it apaskibicte rensbiclterophsitiening sighdls eriited dvoampdjesentones of
in a 25 local region where there is a few nunber of base stations, it
beconedh éuslopn fransnytters.c UF et eampife i erficgien o 1ABsiespestive sigaalsnsmitted e rfbe
using the transmtter |D. _[0209] .In the third enhodinent, a. .
confi gdﬂ%oir é"ﬁn%’?lttﬁﬁsééé%sl 12 Parb@“r Fe6¢iMtthg Sd'@ﬁﬁftliﬁé‘haﬂﬁ“é} H WRarespertipe sigaals

oh Rosi ti.gnj i gnal s .from sat [ i s, the.same as that in the
first. fﬁﬂggde‘ggﬂthm @r_umgm%ilﬁéﬁtléggmre%v peration to be

perforr‘[ﬁﬁjo@hen a transmssion ID froman indoor transmtter will be
primari-ly, described below. [0210] FIG 16 is a diagram show ng a
usage stat h L | nf 0N - Mol r | knt:

Phi rd embor paot RSSO bl BE TBNOR DAk, ARE Bbiae 1180/ R e
embodi Qe GnifAlhéR iPNEREAlA0P poﬁﬁ@n MRthRd RAANE. 1206hel SosttPin@sndafon
be capabl e of receiving a positioning-signal emtted froman indoor

t r ans nigré+@ding 2hParatltih € 160 dQO Feckive nBersighslr endididd fioln ¢RNSsIrechnkMitteR 110 to
..Internet 1220. Further, an information providing server 1230 .
cafébl ecgfireptataincindeyl inrihosigrd tooindizite atmdéunting pobition dfitemdodritensdizten 1119,
connected to the Internet 1220. The fol | owing description 10 will be
made oris arposisiow infettaation i thezpopition anformyation provadingrippatatus 1169. akben, if a user
position information associated with respective ones of the

t r ans miof pqswnaiﬂ’@mlé@@r@walgoefpp@}a@ﬁ 1169 FTFPé(f? tna Bi%mmzww%to the
1230. {0211 | V] .Si .em ' . .
transm ?&Zl@} 14 e porionc i minn HE Vibbuanetatts LB, Gecel¥orioe signpl ruied
ID ' i.fyi i g 1 ) . )

o AR R bR R AR B bR BB R ikl B110. 1o

IO 3R A0S S A b SO B e e e

t he moRiledR®AGAAER oF iRy SsitiRAMTMEHNERGT PRvIdidgdapaRakel 150 atheQidtetAdition
and sends out packet data 1ncluding the acquired transmtter IDto.
t he i nfogayntsd inade wased baiapdnigtksigrofalic de2dVed i@Rdl 2] Specifically, if the signals emitted

from two or more of the indoor trapsmitters are received, data having a largest one of respective
inténsity values of the received signals may be used for display of position information. If the
20 received siénals 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 iﬁdoor area, an emission source of one
of the recelivedvsigna.ls-'can'be identified, so that a mounting position-of the emission source, i.e.,
: afc_raﬁsr_rﬁtt'er installed in the indoor area, can I.)e determined. _
10506]
As used in this specification, the term "indoor" or "indoor area” is not limited to an inside
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After recognizing the received transmtter ID, the information

provi ding server 1230 refers to database associated with the

transmtter ID and reads out position-ID data associated with the
transmitter ID. The information providing server 1230 transmits the

posi tion-| ' : . Ny

Crati on 1238 °F » Bufding Bt dRBREAIPb g E0PmoBRE, AR TRAL B wBAS R is diffute o
of the poghbdseiBle tDrélgh@ radid & aPRRIifedBONE FrOMARE ALGUELEphe, RASH bl BBation
of the indoor transmtter 1210 based on the position-1D data,

accor di ngiludeeif RdlefRekEishOfbiiyarda atfin i8didd &ea slbiallmapheticte.1200.

[0213] Wth reference to FIG 17, a configuration of the nobile
phone 120002871 | be described. FIG 17 is a block diagram showi ng a
har.dwar e configuration of the portable phone 1200. The nobil e phone
conpri &es: arn&stsecons eh®OBiment, ecimewlin cegiomin bdeviael 1BOR ofdhadhiba 3kOsmitters
an operation button 1320, a canera 1340, a flash nenory 1344, a RAM
1346, a datmbrimited4a8This mpkapitmoysiblarte etiminaée 23801 foi indspastnesingintansity of the
processing circuit 1370, a m crophone 1372, a, speaker 1374, a display .
uni t 13505128 t@ Eptrapsyfied Epmepshf theidee) trangmifiers, apdyiRailifate satfing# frgnsmission
1378 and a vibrator 1384, whjch_ are electrically. connected to each.

ot her [ 0BIHF R 2xsel o e BF reRiogY & i4ve SEiceiins oCR NGRS GroPe st Bdoves
the CPU 1?&%1 By t};[ehﬁatﬁé)rﬂmphf %£a8n301 a‘é%éééiﬁc Jaﬁt%ﬁzqmﬁ 15k TiddiatiSn becomes
operable to transfer the sighal 10 the Voice-signal processing

circup 13&%me§&§?1 the voice-signal processing circuit 1370 is

operable to Sd%j ct the signal to a predefined signal processing, and

t hen sendﬁpmbg processed signal to the speaker 1374. The speaker 1374

is operable, based on the processed signal, to output voice. [0215]
15The mni cr ophaHRDIBMMBODIMENTRDl e t 0 accept voice generated toward

t he nobi |l e phone 1200, and output a signal corresponding to the

gener at ed voiAéehird enbedinmnt eofsthgnaksept airestomgyilli be diescrib&Y GelcFhe A position
voi ce-signal processing circuit 1370 is operable, based on the i

si gnal , t infpiatation mreviging deparaiey in iagpnsitiopripkemationgpippidingasyistenh peroribpgito the
out a Frocesse slgnm_tcxégg CPU 1310. Theg, the CPU 1310 is. .
oper aife ¥ ent g degied & Bansnit gate Mrddentifagag ndonr tagsipitter {Rereinafter
send out the . 20 transm ssi data to the communi.cation device 02. .

The commuifteza BriqRerratens) 1  plhislie f PRVARE HPAEY offied 10 T indoor

nrouah | Bop e IRkd 0 gl g, 5 304340 1, GO,
e Sk ) U 3 R AT 45 s
per f or m aygihgdeidbile ghéeO C THSd, B PoSitidl infbnAdh Frovidlad #dparatus 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 determine(i based on the
| transmitter ID. Generally, while a position of a mobile phone is detexmined 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 detérmine the position of the mobile phoneitself. For example, evenin a
25 local region where there is a few number of base statidns, 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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The RAM 1346 is adapted to tenporarily store therein data generated

by the CPU 1310 based on a nanual operation perfornmed agai nst the
operation button 1320. The data ROM - 57 - 1348 pre-stores therein
data or a programfor allow ng the nobile phone to performa

pr edet eembotdmicitper Hiispan opéretid@Ptd B8 porformedpehanbh eransmisden ID hisoml anaindoor
the programto allow the nobil e phone to performthe predeterm ned

oper at i wansnfit 18]l bs Primanivdsegribedbelodr i ve 1380 is adapted to accept a

| oadi ng of a nenory card 1382. The nenory card drive 1380 is operable
to readl®@d®] data stored in the | oaded menory card 1382, and send out

t he readou ata to,.the U . 1310. The nmeppry card. drive 1380, s al so
operable t kl(ge\ﬁgﬁ S&li3Erifp ShQwvigg p 45355 Saat%f@e §P%P%ib%‘g%?né§%ﬂ‘§’ﬁ’rdé‘%£ qpparatus

13760 | Sl S <SRBI TP PR 0 SUP PR, PR d g P ERpipis RGP 2
he cal | L Lke.- - 1 | £ex S ; L NG .
ci rourt” Slapie o5 ST a0 A0 ﬁ%‘éﬂ’a‘?iﬁ?é@%%ﬁaﬂc’%gﬁg
IS a ap§i§[?al’lq g@ﬁﬁe&%m&ﬂa@ﬁ@ﬁgﬂ%%ﬁt& iﬂ{@. t Hfie SAor Padmit? 19 (gfs’ cﬁ%gse%{éd P the

I mage de r exanple, I n cases ere t f

nenory fhédfet 30906 SFdriheF, @h A fddhaioh Pré@-idingRnverd 12530 %ﬁﬁa@feséfgﬂoyti %hlformation
I nformati on-providing server 1230, the display unit 1350 di splays the

URL. [ Ozbli thé heddoERadsarifier 1210 daginaectédtoathb htwaetal 2202 dehefolliowiitk description
light-emtting action based on a signal 20 fromthe CPU 1310. For-

exahpl ewilt he nhd8D dB76 asmynption cloaifd gluradity o6 tHaesitieabDe and pbsitler dformgatan
plurality of colors. In this case, the LED 1376 is operabl e, based on
dat a i nessender] with sespeagivalonesnftg transwitier Hiés apuraigemd on thedpiormatiqproviding
with a §§&£52ﬁfSOCiated wi.th the dat a. ‘
[0211]
Upon receiving a signal emitted from the indoor transmitter 1210, the mobile phone 1200 is
15 acquires a transmitter ID for identifying the indoor transmitter 1210. For example, the
transmitter ID is associated with the aforementioned PRN-ID. The mobile phone 1200
transrits the trans_mitter ID {or together with the PRN-ID) to the information broviding server
1230. More sﬁeciﬁcal_ly, 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 1250.
[0212]
_ After recognizing the received transmitter ID, the information providing server 1230 refers
to database associated with the transmitter ID and reads out posiﬁon—_lD dafa associated with the
trangmitter ID. The information providing server 1230 transmits the position-1D dafa to the
25  base station 1240, and then the base station 1240 transmits the position-ID data. After deiecting
incoming of the position-ID data, tﬁe mobile phone 1200 can acquire a position of the indoor
fransmit_ter 1210 based on the position-ID data, according a viewing operation by a user of the

mobile phone 1200,
[0213]
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[0222] The data comuni cation IF 1378 is adapted to accept an
attachnment of a cable for data 25 conmuni cati on. The data _
communi cation I F 1378 is operable to send out a signal fromthe CPU

' ai so_oper Jobrfacie 185, 115k S Pumlifutih s SRTEANGRL 1AM & ferbed
STV 1310 EIDATH o TR Ml SlowdAPA niRuaN AR RARTRS A BN AL LA, The

at a predeterm ned frequenc d on SI gn out p

the CPU 1348 ﬁhcfdénélﬁﬁiﬁféé@'anoﬁﬁéxﬁﬁll%s Of chREIIRRIHE dBREOE30N W dptzelslo an

easi 'y understood by those skilled in the art. Thus, its detail

descri pt i eseratonlbuiien 0300, b@fmeda(32d]a flash memoﬂawm;)blﬂmnla@a,el da?aDPZOM 1348, a
further conprises a positioning signal-receiving antenna 1316 and a
Sposi t5 onmegosi gndtrive tH0y k vgicksipnbl grockssing tird3d 1370 0 2@&bphone THE2, a speaker
posi tioning signal -receiving antenna 1316 conprises the antenna 402,

the RF fr b, eflispley tnit 0350, eh & EBolight Emitsingaievide)sa dafd comsuaRation IF 1378 and a
converter 408, which have been descri bed as conponents to be achieved

by har dwavibraies 1854 wioeh are slectrigalist opanecies toreash etheig apparatus 100 10
|IIustrat§g in FIG 11. Further, the processing in each of the

baseband &tlessor 410 and the naV|gat|on processor 430 which has

e ety i SrBRERT e Aol A R emtige B R RE NP o i Afmupication
Poeor e 8’%&%@?3&?@%? DAY Merible b dnd bl 5 Vol bnat pragicring
1346. Libiug 13901 | %aﬁb%lcets@a@g‘ﬁ&ﬁgtﬂ% Q{rcdfﬂﬁogié%%%fon%ha he s:gnal to

conflgured 15 t0 achieVe the processing Therein

i nst ead of pRabfinkarseenalprobB8ing, idietheR 88D MPRBER N B0 td mrsgeaker 1374 The
conflguratlons as those in the posi tion information providing

appar at usspkRlts 1874 s sherablethased dil 1Ge plotedvad sighsl ao batpatipdieyed. [ 0226]
Wth reference to FIG 18, a specific configuration of the
i nf or mat i @1 ovi di ng server. 1230
15 - The microphone 1372 is operable to accept voice generated toward the mobile phone 1200,
and oufput 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 operablé to convert the processed data into transmission data, and send out the
20  transmission data to the comuunication device 1302. The communication dei/_ice 1302 is
operable to transmit ;the signal through the anfenna 1308, and then the base station 1240 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 opération button 1320. The data ROM .
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20 will be described. FIG 18 is a block diagram show .ng a hardware
configuration of the information providing server 1230. For ‘exanpl e,
the information providing server 1230 nay be achi eved by a
conventional conputer system [0227] As mmjor hardware, the

i nf or ma1343n pier-oteslithgeinedaterorl 2 3Rogamp forsslfowing GRY neblle; pleshei pyerfctn a
devi ce including a nouse 1420 and a keyboard 1430 for accepting an

i nput -i preteterctingll tperaions eThoCPUNS 101§ operstile enrgad dhe dhtangr therpregrath28 Gllow
a RAM 1440 for tenporarily storing therein data generated based on a
pr ogr anthe xebile ghonsyio peidorapiie predetepningheperatipput t hr ough t he nmouse 1420
or the keyboard 1430; a hard di sk 1450 storing therein a |l arge vol une
of datal®48la nonvol atile manner; a CD-ROM (Conpact Di sk-Read Only

gi%m Y Tesdhs a%ﬁx%%? g ﬁﬁ%hg#ﬂ & sdpsed Brarkentad @%&ﬁ%&h&?ﬁ%@ T
or acossRIo I oL gl bl P ot MBI o S e

server ' | pue d 0 ]

by ¢ he T00 0t b el St e 4G 356 Bl B0 Yk Bt 1 B0% ofRTHERSR 1
1450. - AlebB5aatitehata i \0ats QbR BRYirddGn thdniftRo Yty 388, Stored in

the CD-ROM 1462 or other data“recording nediumas a

commer cfipal$]y- avai | abl e program product. Alternatively, the software
may be a type which is provided as a downl oadabl e program product by
an iinf or maThenoips-sighal giro@ssimecitorit 1300 iswpetablectonetfornd hercetdvwioe aisiznal to
read out 10 fromthe data recordi ng nedium by the CD-ROM drive or

ot her dxt wseddadithegralevithe likeor ThowdPdded and shet yicesigml preocgssingcitdait 1370
1470, and tenporarjly stored in the hard di sk 1450. Then, the

sof t wari@ay be mégptesl iog#thefm t he hard di sk 1450 by the CPU 1410, and
stored ﬂg he RAM 1440 in the form of an executable program The CUP
1410 iso% rable to execute the program [0229] 15The hardware of the

conputer sygl N3G Nh&h88:d Qcﬁp%eﬁf Bastd E}II‘I WralluBpls grioprpth%edﬁ?rwﬂ(f%g 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 i)roviding server 1230, the display unit 1350
displays the URL. |
[0221]
The LED 1376 is adapted to achieve a predetermined lightfemitting action based on a signal
20  from the CPU 1310. For examplé, the LED 1376 may ﬁe configured to be capable of indicating
a plurality of colors. In this case, the LED 1376 is operable, based on data includeci 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 attachm‘ent of a cable for data
25  communication. The data communication IF 1378 is operable to send out a signal from the
CPU 1310, to the cable atta(_:hed thereto. The déta 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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illustrated in FIG 18, is a commonly-used type. Thus, it can be said
that a substantial part of the information providing sewer 1230 in
the third enbodinent is software stored in the RAM 1440, the hard

di sk 1450, the CD-ROM 1460 or other data recording medi um or

sof t war e glgwlcdgrialflot HHeaCRU NS OO K. fudun@ded abé@fio0 bf teembsitdmine wduld be
the conputer network is well 20 known. Thus, its detail ed description

wi | | be oeastly ecderdt@iti3] those skitled irethe ardi n’@hmda; detriied deadriptiomivilebk éroittele
CD- ROM 1462 and the hard di sk 1450, but nay be a nedi um capabl e of
fixedly cB224ing a program such as a magnetic tape, a cassette tape,

an optical disk (M) (Magnetic Optical Disk/NMD (Mni Disk)/DVD

(Digital Verd&e m0b11¢:p@n)3)120%ﬁ1rqh@r mprisen appsiicamecignebieeqiviag agtenna 1316 and 2
(including a nmenory card), an optjcal card or a sem conduct or nenory

i ncl udt ngp%ltFPé‘%W‘m&ﬁV’E‘E adwtl Xlfash ROV [ 0231] As used

her ei n, tﬂ@rz erm"program' is not limted to a program executabl e

di rectly he CPU 1410, but includes a source programtype, a

"of or once. 1 0107 aoigRg sBRyERE Shtepag 13 (e, BRBRER b RiE! 402, ol R fron

i nformati gp. AreMi 'c ecroi{%rte} 466 ¥ kile daseliifd. whi cﬁl’g@@ Rééﬁh@escnbed as

di agr am concept ua ovm ng one node of data storage In

di sk 1450gonffipemts s bala%iﬁeaamz haalvaren tht \p%sﬁa%ﬁo&é&@ntiﬁoﬁﬁg dpPératus 100

storing data therein. Data stored in the areas 1510 to 1550 ar

associ@t effluyirdtéd BEFIG. Al heFurtied 288 brocesshugl Gt ofNthe Hagdbahd @rickdsyt 41D and the
each data record stored in the hard disk 1450 is stored in the area

1510. A tnamgativh prcedstr 430rwhidehdsiteyn depcalamins afpracepding talbietaghiefed by software in
transmtters for emtting a 10 positioning signal is stored in the

regi on 15t positien infermptien providing anpsratust 0, ¢aD heeperoaned i @)nequbdﬁtemnnanon
nunber uni quely assigned to the transmtter by a manufacturer,

nunber unPQESFPE &ggwlgh?ela anghe (8Lt }3Asmeardiag ’fq)e/ p@grmls@@érd rmtﬂrf'eﬂash memory

T BRI R oo B S B
it Elstsaﬁat %o 1Se8§ (’E}I; S Orz?gna tﬁe?gl%l Naldy 3h e Wate, >fnstteaﬁeotaso%cw Qes %u}tﬁer, g same
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 dafa in a nonvolatile

mannet; & CD-ROM (Compact Disk-Read Only Memory) drive 1460; a monitor 1480; and a
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15 installation location of the transmtter is stored in the area
1540. For exanple, this data is used to allow a nmanager nanagi ng data
stored in the hard disk (or service provider providing position
information using the information providing server 1230) to recognize
t he i nstaherication! IFcEi700nThddathardwach cabponents farecommetteditinl eahsothér iyhe data
installation | ocation of the transmtter is stored in the area 1550.
Thi s dabus. | & CBROMyl146Res Aackeddo therCRROMalmve idtther as that in the
data stored in the 20 area 1540. The data stored in the areas 1510 to
1550 arB238lsoci ated with each other. Thus, if the transmitter IDis
identified, a position coordinate, e.g,,.a coordi nate of ,é‘ihe )
i nst al | at i SnPIPEEEREdH tk%?%@%%@@ﬁtpmaﬁ&gleamﬁ Ifprojayen prQiding Serve 1230 is

R e L T o
et YRR B BRSSP BB B S5G3, SLaP A 4 OB i

provi di g EBIRGAU 14630 of iRt dafl HaWfing el Ik & B PiRrclaty AR Hrbitem

a packet dat requesting positio mati on (herei ter

ref erregholtasAlEBANRE, the sUfWvAE Baf HANS ‘F%det hich B ﬁ@lﬁﬁé@ﬂs RagRehlOsaBle
result of determ nation on the PRN-1D, and data (URL, etc.) for
accessi figgrambskoduct biien info@dabivh perridef Cotindttedtostiyviiterd@30 Thd kefiwabisd réad out
phone 1200 transmits the request to the base station 1240. This

t r alls m Semothe | datea cdviosdingl nedien dynthenCDdh@M doveneniatixiri data peadings devicg, or
In response to receiving the request, the base station 1240 transfers
t he reqirvgtdoaded ivig dreneqrignnipation i HyOs end dempeadly $¢red3sjthe harfindisk 1450.
i nformation providing sgr ver 1230 detects_reception of the request.,

Then, t heenchgsaltwereattead puisirom thethaghdink 143G by the (PEhi41QeandetiRred in tha RAM

perfor earch. with res to the r | 1450. e

oot 11 APrs Heduih b SRRORepRer Alintrih 919 8 pRiadSihgrerp the program
det ermlata'?%% whet her the acquired transmtter IDis matched with one

of the smtter IDs stored in the area 10 1520. As a result of

th t chi GaRS! d [ Ectl 'B-gfgﬁlg# [ '

t hglf{nrians mﬁtg? géﬂl D %@%ddggjpﬁl%?ts Seté%a%gfe?i?lgﬁtg%m tte f?ﬁ]@ﬂ%g%g{ef)elmo’
phone 1Q&:atddnia FEEU14.44Q dopathniPtled thg. Canhdiinaheevaldi@at 4 ARAndAPN of
associated with the transmtter ID, and generates packet data for

r et ur ni thg ifpfosndtioarprovifimg saivieo 230oint the tiikbérhioddbands d&Bare stored in the RAM
Specifically, the CPU 1410 generates the packet data with data having
t he cool4dion H#teehard | disks 1430 ithe CRIRONG 1460 ad dthes slaaf retérdingSmedibinl er phftware
1200 to_a header. The CPU 1410 transmts the packet data to the base
st at i ondovaderdable oA Deleoris.o ndviy eperatioroal the hpndpre po fiwejomputar mepwogls g wiell
to recei ving the packet ta transpitted from-the information

prosA di Sipv@er JEHS. 118 detatled tesgription sll op gmited 0 transfers the packet
based O[E’ E(Ilﬂe address included in the data. The 20 base data 1240 may
store t é ecei ved package data and a réceiving tinme in a nonvol atile
st orage dew, ¢ : i i) | ' r r

o5t on | PereaRidkmafuil®s Sl iPlolon KON SRAE. had EE NS St may
is pre RddiudhiaplbigRk BRedly c: F Bl ghkdin, fsubltibLa Rldbndlic Bsetf

of thesﬁ%r. [0237] 25In a ysi?%z[?% o% \%er’e t he m)blhlle g%gﬁgelzoo&:d%@m

| ocat edoptichiniisk @OAMBEn oD i ckEDisk/MIB (Blisi Disky/DVD (Digital Versatile Disk)), an IC

25  (Integrated Circuit) card (_including a memory card), an optical card, or a semiconductor mefnory
including a mask ROM, an EEPROM and a flash ROM.
[0231]
" As ﬁsed herein, the term "frogram" is not limited to a program executable directly by the

CPU 1410, but includes a source program type, a compressed prograrn, and an encrypted
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fromthe base station 1240 are reachabl e, the nobile phone 1200
receives the packet transmtted fromthe base station 1240. \Wen the
user of the nobile phone 1200 perforns a predefined operation for
view ng the received data (e.g., an operation for viewing e-nmail),
the di spl BY5#filt 1350 displays the coordinate val ues of the
transmtt 23%In this manner, the user can roughly - 62 - know a
current position. In this case, there is no need to register

coordinate VWiHﬁ%fe?&c@?‘f?IG. r@p?m&chﬁé of 84108 Wi 88 idfnBRon gﬂﬂﬁing server

area, so that an installation location of a transmtter can b

flexibly emangiathe deQ238]. TAS. MORVRIiadriin chbfcepRALY sRkihdb R 1I8ded Fdata storage in

provi di ng system according to the third enbodi nent, a signal emtted

from a5t réwesd dsk 14501 alhedard ndidkhe439r doiuded gt Wekas 1980 @o 1650 for storing data
identifying the transmtter (transmtter 1D), depending on

si t uat i ontherelthi Dathadtared & tht areesl 1510 ta 1 §E0vmee assppiated twith eadr otherovi di ng
position information of the transmtter, in a manner associated with

t he posit{@a3} nformation. The nobile phone. 1200 functioning as a
position information providi ng apparatus 10 transmts the transmtter

ID to the sevisrorddiparter identifing cath date rasardpviencd b feitarbdinld f ¥his stosed in the
ol i i nat cHE AU o BB 1 5dOri R Ao P 0T S e REAE DY giting o
to b I d t he .t it j.tsel f t f facilit
changl g B cpper et 1S RlotCin 1576t 38 ki Sl (55 et B may ve o
hould b . ‘ j .
desor | bec™aoop gaade’ ity aBalis (R RRRATED LY 5 MR ErRrS, SHEEP ity
meant to bgiAeNelhs'eshdhié dy sﬁh&da%& SRS Systef C Ahh (ObMinatd PalSEPRE ifficating
the invention should be detérmned by the followmng clains and therr

| egal equirviakieition 1bdaGbe afithe trahdieittahio ¥Rrdlaf Glid 4bd O3B0, aP6r éxamipk, this data may
i ntended that all changes and nodifications made within the scope are

i ncl uded bdetosddnin 82 hANDUBIRIeMry AR laCARIshiiffel {sOiddiBlled. Al peciiixs ntmerof the
information providing systemof the present invention can be applied
t o a Mobiinstastiondodation nfjthe tyaoshittenig sfonetcini thérarea b 80 n oo exemple, dhisidatalis used
capabl e of receiving a 25 posjtioning signal, such as a portable .
posi t i oni WpllewramanagesRanagingsiataiored iothe haid; digk (eservipaprovidgr praeidingnesition
transmtter. of .the.presenf inyention can be lied tqQq a trangm.tter
Lo be | nsBATEER Pt e BBPA PR SHIERR o LD 12 FERSTITR TP e IBUPR Beation.
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
70 area 1540. The data stored in the areas 1510 to 1550 are associated with éach 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 stafion,
25  [0234]
A process of providing position information of an indoor transmitter by the information
providing server 1230 is as follows. The mobile phone 1200 generates a packet data for

requesting position information (hereinafter referred to as "request"), using a fransmitter ID

acquired based on a result of determination on the PRN-ID, and data (URL, etc.) for accessing
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The invention clainmed is: 1. A position information providing system
capabl e of providing position information by use of a first

positioning signal which is a spread spectrumsignal fromeach of a
plurality of satellites, conprising an indoor transnmtter, and a

posi ti ofhe ME@mARSA BROYVRIIRY séH 401 BPPaTRE Hﬁbil%ﬁérﬁl 1200t thehsitl @R request to the
transmtter includes a first storage unit ich stores

t her ei npasgistdtion 1d40.a Thay trardaidsion)ik Bghidrd bpatoahvative cofatihi@tioroprotdeing.
i ndoor transmtter, a generation unit for generating, as a spread
spect r uin sispmak to asreveEothd rppesi thorbapgstatign 8240vinansfers the aequestuodhfedmation
signal having the position data, and a transmtting unit for

t ransmi praviding seevegdhit at ed spread spectrum signal; and the position

i nformati on providing apparatus includes a receiving unit for

recet vi H$3al spread spectrumsignal, a second ‘storage unit which

Lo Lo B o Code et el Lo e Tyt and
R U A S
oL 0nal gl 34550 bSR3 RAER ARSI i

det er m i,p@eMRE GEyuRted tGslitESID RhtGRE Wi PR HHAPInSitiet ARtSreli $n the area

received, a position information-deriving unit for deriving position

infop matszmn ofs & Re&uROS thi Qfattlih® pAdessly, Bf Gierdlig'e ARRARRE UD, idéitidaEto the
swi t chi ng between processi ng nodes depending on a result of the

det er m tradsirdtter [Bridcladeddu thpsdataneadsmitosd feanh thetrhobily fhivee p2E), the@@PU 1410 reads
i nformation derived by the position i.nformation-deriving unit, and
wher ei nouttthe cpardingieovalutat(arei 68 Qdmssociateds withl sheatrarspaibérd Do fand gesreratésypavlyet
the indoor transmtter, and second data indicativée of the
i nst al | datp &7 TeWERg pesitn fEmation tor the mabdaphens 12080 d Speréfiglyethe GPEH1410
unit is operable to generaie, as the secopd position|ng, signal, a
first pBASEIS ﬁB?G?‘ﬁ*aQ%“h}j'“{" atehayiog qonrdimarbyalhes Wale adfiag ppaddress of the
nodul at i on, d on hase. .si ving the second, data.after .
pei 1ty sk PRt 10038 eBran: ThREPD: 112 Ramie B e, defol e b station
transm ﬁﬁ‘ﬁf*ﬁﬁgﬁ%@mﬁgﬁ?ﬂmd ock of each of the satellites,

16n 1 n eriv

and the posit ormation- ing unit is operable, (a) 2.
The pos'[gzig,g]ﬁ i nformation providing systemas defined in claiml,
wher ei n:

In response to receiving the packet data transmitted from the information providing server
1230, the base station 1240 transfers the pac‘ket 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 nonvoléﬁle storage
device (e.g., a hard disk'uﬁit). In this case, a record of position information acquisition. of a
user of the mobile phone 1200 is 'pféserved, whiéh makes it possible to figure out a movement
route of the user.

[0237]

25 In a situation where the mobile phone ]260 is located within a range where radio wavers
from the base station 1240 are reachable, the mobile phoﬁe 1200 recetves the packet transmitted
from the base station 1240. When the user of the mobile phone 1200 performs a predefined |
opelafion 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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the position information providing apparatus is adapted to be capable
of communi cating with a comuni cati on apparatus for providing
position informati on associated with the first data; and the position

i nformati.gon-deri vi unit i er abl when t recej ving ,unjt

recei ves K92 S SUEHH BOSEPR: ofi (B ehgiire 1 B0 neshin AeaRiel O diplonglucs on each
conmmuni C%&ﬁrﬂt&?%%&k&ﬁlléﬁ%ﬁ%ﬁl%om afsbﬁfaiarg%gﬁllét%%llﬁgaggnbf b 111%&51‘%511 be
phase sigha 16 acquire position inrérmts on assoclated w thTERe

first dat)gexibl ghanggﬁ? position information providing systemas defined

in claim?2, V\%erel n: the second positioning signal shares a conmon
format wifpbsgyhe first positioning signal, and includes the po sition
data in place of a navigation nessage included in the first

posi tisoni ng &k @inale; inathel pésittorPiafirink@dh protdingal/sten-dedriieng thethird edbbdigent,
position information providing apparatus includes a calculation unit

whi ch i s pigndbdnattedviem a tphsmader instadied tonethé igrandpiasindésoddta dorsidentifling the
are received, to calculate a position of the position informtion

provi di ndrappitica(ansivittee dDh riepéndingaui gjtations. ndbsalatesis sforedhipn 4 $arer -apparatus
positioning signals. . 4. The position information providing system
as -def i nelar providing pesitionsga&reiation pEthieritrogmitier, 4n grimennsy a$sg¢1@q¢grm the position
i ncludes a_plurali hé‘ of qi gjtal filters, and a selection unit for

sel ect i ngafs@aiAn.  Hoegrabie Phenp 1900 fingtiening a5  pesition Mgl kipyiding @pparatus

05T S RGP PR B S R S35 SOSELAMME e
band defqd ned. g t- Bl . i i .
2 P 05 el G AL L 81551 B KBAAREL B 9 D

wher ei n @iti%ﬁ%%ﬂna@%ﬁiotfia%hé?ﬂittﬁm%lheicf"&)} {168 BSinRuifehd i1 PRRASRerSlof @bilitate a

t
and a 'second phise signal, and erein the first phase signal
i ncl udes dhifigihg SlpintaBadalpositioh of deMshditdcng t he indoor transmtter,
and the secondg phase signal includes second data indicative of the
i nst al | at[oR3p]l ocati on of the indoor transmtter, and wherein the
generation unit is operable to perform nodul ation of the first phase
si gnals and nibdbbuld bonnddérstodd thee terahoph asbodingnta havenikep sholem ahd descriiged only
The position information providing systemas defined-in claim]l,

wher ei n: Whwapefiilysiation it ke dewenpiéon is »ry eAnt to de noastatsi dn a@iinghsnse.
receiving, uni} receives t second positjoning signal, to extract the
second da%%?o'ff{he&lmt %S@@E@Eﬁwdm@% ﬁgqvéfﬁ lye gﬁa\g%@g'whﬁé?l?%’ﬁpg chagns and their

oper abl e .t o, di spl the installation_ |ocation hased.aon e, extract ed
cboona adrie! SatRafRey BBk RO ArRrP B POt of digendpdrinfh 4l 2iEEs and
defined i | I i ti.oni ng signal includes a
first pharg%ﬁjg‘?%ﬁg?méa#ﬁgﬁgg%%%gp%%ggﬁe%%sqgg?1%‘ é,n?'and wherein the first
phasgsi gnal includes first data capable of identifying the indoor
transmtter, and the second phase signal includes second data

i ndi cati VNDUSTRIADSA PP ACIABYTII9oati on of the indoor transmitter,

and wherein the generation unit is operable to perform nodul ati on of

the first[0opdise signal and nodul ati on of the second phase signal

i ndependent | y. 8. The position information providing system as
defined in cThe pesitionvhdprgiation ipeoviding spstpo giftthe praseptsingendibn ican bedgplied fo a
first phase signal and a second phase signal, and wherein the first .
phase si gaebile prangdbaying ﬁSPOSH&tga?‘H@b@FbI adopny @Eier itexming eapable forsceiving a

tranzgdttter,. and the second phase signal, incl udfs econd .dat-a, . )
i ndi i ROSEONNGSigNak SHFl 8% ¢ sATiatle Rpflidoning temipa Pﬂi‘ﬂsnbrpo{t‘i‘ pniterdpg terminal.
and wherein,th eneration.unit is. operable, to performnodul ati.on of .
Che 11 strpiis EFgRmMeRf tihitrenlptRoR on et Suli o piratuntiedio i niled in
i ndependept. Lt | tion providing system as

defi ned i#l'%%{%rr%reg%nd rgﬁ%ﬁi@h@ﬂ@g@&%ﬁor age unit is adapted to

store therein spread code data for spectral spreading; and
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the indoor transmtter further includes a data input unit adapted to
accept an input of the spread code data, and wite the accepted
spread code data in the first storage unit, and wherein the
generation unit is operable to generate the second positioning signal
as a spread spectrum signal, based on the spread code data input from

an out si de qﬂletmenﬁ@gcﬂaim@dam tter. 10. The position information

providing syst f r st or age
unit is adaé %%ﬁgggrgﬁgel ?rﬁ’vﬁ%}n éﬁ C%PEI iés Ogt:t ral

spr eadi ngPreYEIREPQsAEeB ‘P%F’r@ﬁ?%lt Ueg i ﬁth ]e%m Sdat a i nput
uni t adapsigha owhickeis arspreaditspectiime mgneh&rcmndeaehtcaf aand wite
the accepgﬁ&aﬁl@?%@@afélﬁ?esd%b ﬁsih*&eaﬂiﬂcﬁiorﬁaﬁis@mtérnaﬁd aand wherein
t he gener It 1 ﬁf ‘ﬁ gaﬁ kéeﬁ second posi tioni ng
signal as 8 %% é %{ﬁ o) %te Spreah1 ode data

i nput fromEl‘he oy §tn$ﬁ0tl'@z%e uny Wi¢he position
i nformation petestheedy b%mdaiaﬁbmiént:fynigamrﬂstaﬂ@’som n the

gener at i on Unjde 5&%190&%%%&669&555%% Wéﬁ REQIGRTTBR! foraccor ding to

firmvare supp 03| n_Lnformation

provi di ng sysggﬁ?’é?g%qur?eﬁpreﬁ ch&FFﬁuJI.nS tond
posi tioning stignang §n@m@sw&1cbmmaﬂtﬂatedmgmaﬂ ﬂ;éwﬂilgsthepom tioning

si gnal , andI |gggh?ﬁﬂgeaﬁ@&grmgﬁtﬁﬁﬁg@;ﬁﬂggag I 0{1 o
message incluged.in, S % LG 9 positi

nf ormati on- derTvi ? I'nf or mat i rovidin
:apparat uls i g besy! &néﬁlﬁé@ﬁﬁﬁpﬁr@mﬂld%@é’ﬁw%médgpm% nhen g
plurality of remeﬁfmgtmmﬁlrmeoemg @i sprehd S@Betmmmgami ato cal cul ate
Fhe navi gat | of sk SEraigBunil WRITH bee tRbicsh %ﬁﬁ@ﬁ O e
position inf oFﬂ%%ﬁﬁP%&?@?@t%@? bﬁﬁzﬁn{%ﬁq 5?}9&%%?1 12,

wherein: the P $,o&1ﬂldéﬁat1®n@)ﬁm‘fg rendamlfymtqneyo sition of
the i ndoor tf@@éﬁ?ht@&nwihﬁchwdr% &@loidsandn Plctil s
operable to o? @&‘@8%;@ gﬁ?l Ve rom t he position

data in. th ﬁ&@@iﬁg‘ t
PRLIRIN L g D D T

wher ei n: recelved spread spectrum signal using the code pattern

identified by the identifying unit, detefminjng which of
the first and second positioning signals is received, a
position information-deriving unit for deriving position
information of the position information providing appa-
ratus, while switching between processing modes
depending on aresult of the determination, and an output
unit 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 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 modulation, and a second
phase signal having the second data after being sub-
jected to modulation; wherein

a clock of the indoor transmitter is independent from a
clock of each of the satellites, and

the position information-deriving unit is operable, (a)
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the position data is configured to identify a position of the indoor
transmtter only by itself; and the output unit is operable to output
the position information derived fromthe position data in the form

of an image indicative of a determ' ned position.

15. An i ndoor

transmtter cap O{hé)ﬁ gﬁgﬁm FdRhh @Rdusyitiea second

205|t:onkﬂg ﬁlgn aV|n @g lﬁéjdf d@gSltlonlng
I gna ich is it f

satellites, conp’frﬁEBﬁgﬁeés fISr&C%Y atfe alg;ﬁjugr ‘?:ﬂ’%’*ﬂ ¢ r%elrelyno

posi tion data f ofrdpdeheisighaloobiained byl ﬂmdemoldu&mwmramd (i2))
trans- mtter; ;ﬁt II%IHS}I bff \%ﬁﬁeﬁ%itﬁgﬂn

15 Qe
Vel Gl AR g i’cr‘iz)bglf%iﬁgs‘ g

signal, an secon
havi ng t he p05|t

the generated spraspectivecspreadsspeeirimveignais oftthe
[ ngl udes first dfé@ﬁ@@thsﬁpgglﬁdjﬁﬂ&lsﬁgnalgng the i ndoor transmtter,
and second dat g 0d},C3} L VEperations (a) and (b) above are swiiched

independently by determining PRN-IDs of the first and

second positioning signals. .

2. The position information providing system as defined in
claun 1, wherein:

the position information providing apparatus is adapted to

be capable of communicating with a communication
apparatus for providing position information associated
with the first data; and

the pos1t10n information-deriving unit is operable, when

the receiving unit receives the second positioning signal,
to communicate with the communication apparatus
based on the first data included in the first phase signal to
acquire position information associated with the first
data.

3. The position information providing system as deﬁned in
claim 2, wherein:

the second positionincr signal shares a common format with

" thefirst positioning signal, and includes the po sition data

in place of a navigation message included in the first
posmomno signal; and

the position information-deriving unit of the position infor-

mation providing apparatus includes a calculation unit
which is operable, when a plurality of the first position-
ing signals are received, to calculate a position of the
position information providing apparatus based on the
navigation messages of the first positioning signals.

4. The position information providing system as defined in
claim 1, wherein the indoor transmitter further includes a
plurahty of digital filters, and a selectionunit for selecting one
of the pluralﬂy of digital filters, and wherein the generation
unit is operable to generate, as a spread spectrum 51Dna1 the
second positioning signal having the position data, depending
on a band defined by the digital ﬁlter selected by the selection
unit.
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of the installation |ocation of the indoor transmtter; and the
generationimt is operable to generate, as the second positioning

signal, a firgt_phase, signal having the first data after being subj
ec?ed to noduba @@Psmé\u}ﬁaﬂ@rppmdmgmtemas definé@ isecond dat a

af ter bei ngcliin-4,wherntthe secondpositionihe sl ancheiek aFirst he i ndoor

'  Scd : : Ilites.
E%?‘”%”‘J?ﬁ&%g?sét%ﬁ ?fﬂﬁtﬁ?ﬁ%i e@%ﬁéﬁﬂgﬁ,ﬂéﬁ bR | o
conpri ses aP %ﬁﬁé}%ﬁg‘lé?ﬁ%i st dafq sppa dO4 16eNHEYINgnth@i t for
sel ecting otslosr transmitierannd fhe second phhsé signml sncladsweer ei n t he

general | on ¢ind idalt# indiRutiveoof hedeedlbitfon IcAiGPbETHe $REEYF S gaal

the"second ositiQoi ng, $i ‘iﬂ{ %ﬂ?@% Oijlcptjtogtoﬂu’@rg eﬁ)endi ng ;)n
AR it i Gl e IR
storage uniof the satandphase sigmab indeperidenslyr ead code -data for

spectral spreadqng: the.indgor transmitter fur%t%fe I hcl udes a
dat a i nput n‘fa‘?ng%B ?ﬁgmt %P%QE@@ Del?}‘olvﬁ%tﬁhg PteRA Ebde data,
and clian:a 1, wherein:
the position information-deriving unit is operable, when
the receiving unit receives the second positioning signal,
to extract the second data from the second phase signal;
and

the output unit is operable to display the installation loca-
tion based on the extracted second data.

7. The position information providing system as defined in
claim 6, wherein the second positioning signal includes a first
phase signal and a second phase signal, and wherein the first
phase signal includes first data capable of identifying the
indoor transmitter, and the second phase signal includes sec-
ond 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.

8. The position information providing system as defined in
claim 1, wherein the second positioning signal includes a first
phase signal and a second phase signal, and wherein the first
phase signal includes first data capable of identifying the
indoor transmitter, and the second phase signal inchudes sec-
ond 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.

9. The position information providing system as defined in
claim 8, 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
adapted to accept an input of the spread code data, and
write the accepted spread code data in the first storage
unit,
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wite the accepted spread code data in the first storage unit, and
wherein the generation unit is operable to generate the second
positioning signal as a spread spectrum signal, based on the spread

code data in I de- indoer, transmtter. 18. The
i ndoor tr ansgﬁ{lt"@# ﬁ%‘?&ﬁéé&%ﬁ% %QBGW?PA? ‘f’gePﬁEa_tSzh@r ation unit
is a logic cir8RRAnGBPEHIORING ¥gnahAal spreedspechymsignahwar e
suppl i ed from basedonghdespread Sodendithddpof fiome wndongidesift i on

i nformati on by dgor%r%ﬁgrﬁlttéi‘?g tioning signal which is a spread
spectrum signal fromeach of a pluralipt of satellites, conprising:

the step of b@nfhatpositien'infommatipngirovidinggystagmnads défissdi s
modul at ed, {1 A8lafdmSPr ®d@rsipect rum si gnal , based on position data for
identifying an installation |ocation of an indoor transmitter; the

step of trankheifist stprage wyshisradapded o stode theein spreddioade the step

of receiving adﬁgrm@p@@ﬁg] gpf@@iiga,ahﬂdt he step of identifying, based
on a plurality of_ codé patterns refated to the first and second

posi ti oni ng tegilanr tasserittendusdes ipatudesna deindnprbdnmsponds t o
the recei vled spdgadd spericepiasi apat of the sff@fm 8bd8ela®s, M ng, t based
on a signal o glbf'jil n eceive _spectrum
signal using %t?ﬁﬁﬁpgﬁﬁ e ga%%"lf]ﬁ? ﬂ%e ﬁﬁfﬂ@?&, st and
second positi oW?Jﬁg signals is received; the step of deriving position
i nformati on, ' | }:g% Yﬁﬁﬂ @9&.3 ' ndi ng on a
result of thaéywdggg;%iﬁn%ﬁié} ér%rgﬁg t etg{ E%gfl%&gg'?@%ﬁ%ﬁﬁe derived
posi tion inf or SRS POTkONLRE Sighal Fodispres gpesiripesigna, i rst data

capabl e of i ddwseflyemghe spreastioode datmsnputtfeom andwsilenof dat a

i ndi cative of thedntost #tdmhhi®ter] ocati on of the indoor transmtter;
the step of generating,inc¢ludes the sub-step of generatidr:g, as the
f

second posi thbnihgpestien information prewding gystenh asi defin i rst data
af ter bei ig cain 1eotdegdehothmebiahtion udng :Acsee eneuiehfelsi gnal
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e 4]
of the satBlfi%tes.

12. The position information providing system as defined
in claim 1, wherein:
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 infor-
mation providing apparatus includes a calculation unit
which is operable, when a plurality of the first position-
ing signals are received, to calculate a position of the
position information providing apparatus based on the
navigation messages of the first positioning signals.
.13. The position information providing system as defined
in claim 12, wherein: -
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 informa-
tion derived from the position data in the form of an
image indicative of a determined position.
14. The position information providing system as defined
in claim 1, wherein:
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the position data is configured to identify a position of the
indoor transmitter only by itself; and

the output ]J.m't is operable to output the position informa-
tion de_nvs:d f.rom the position data in the form of an
image indicative of a determined position.
~ 15. An indoor transmitter capable of providing position
information using a second positioning signal having the same
data format as a first positioning signal SN
'whichis a sprea(f spectrum signal from each of a plurality
of satellites, comprising:
a first storage unit which stores therein position data for
identifying an installation location of the indoor trans-
mitter; L
a generation unit for generating, as a spread spectrum
signal, an second positioning signal which is a modu-
tated signal having the position data; and
a transmitting unit for transmitting the generated spread
spectrum signal,
wherein:
the position data includes first data capable of identify-
ing 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 tomodulation,and a second
phase signal having the second data after being sub-
jected to modulation;

wherein a clock of the indoor transmitter is independent
from a clock of each of the satellites.

16. The indoor transmitter as defined in claim 15, which

further comprises a plurality of digital filters 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 selected by the selection unit. '
17. The indoor transmitter as defined in claim 15 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
adapted to accept an input of the spread code data, and
write the accepted spread code data in the first storage
unit,
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and wherein the generation unit is operable to generate the
second positioning signal as a spread spectrum signal,
based on the spread code data input from an outside of
the indoor transmitter.

18. The indoor transmitter as defined in claim 15 wherein
the generation unit is a logic circuit which is programmable
according to firmware supplied from the outside.

19. A method of providing position information by use ofa
first positioning signal which is a spread spectrum signal from
each of a plurality of satellites, comprising: '

the step of gerlerating an‘second positioning signal which is

modulated, as a spread spectrum signal, based on posi-
tion data for identifying an installation location of an
indoor transmitter;

the step of transmitting the generated spread spectrum

signal, ]

the step of receiving a spread spectrum signal;

the step ofidentifying, based on a plurality of code patterns

related to the first and second positioning signals, one of
the code patterns which corresponds to the received
spread spectrum signal;

the step of determining, based on a signal obtained by

demodulating the received spread spectrum signal using
the identified code pattern, which of the first and second
positioning signals is received,;

the step of deriving position information, while switching

between processing modes depending on a result of the
determination; and

the step of outputting the derived position information,

wherein:

the position data includes first data capable of identifying

the indoor transmitter, and second data indicative of the
installation location of the indoor transritter;

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

a clock of the indoor transmitter is independent from a

clock of each of the satellites.
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