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TI TLE OF THE | NVENTI ON NAVI GATI ON SI GNAL TRANSM TTER AND METHOD
+ FOR GENERATI NG NAVI GATI ON SI GNAL 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a ground-based navi gati on signal
transmitter for transmtting a navigation signal or a signal for
positioning a receiver and a nethod for generating a navigation
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15 receiver. S case, tine synchronization is one

t echni cal GENEERITNG MAVEGAORD] GO, i s used for generation of a
regul ar, generally sequential, series of events, called "epoch", and

a clock tinme of occurrence of the epoch is coded to a random nunber
code aor a eud8-random nunber code (hereinafter, referred to as a
spr eadi ngT @H@’)‘.Aﬁﬁ!ﬁ?]}as a result of the pseudo-random nunber or
random ng@ﬁﬁﬁ function of a 20 time-epoch codi ng sequence, an out put
signal specirumis determ ned according to a rate of change of a

spread code el erRnireadl ikeHBYLTAARY & aSrSRMEBRHALN Dadiofiet sighieransmitter
frequency covers a wi de range. Cenerally, the spr ea§| ng waveformis

of a rectfanghesnfittept anguitaion sgmhl bas signpbive rposipiening Lameceipercaeld adthod
a sinc function. [0003] 25An exanple of such a satellite positioning
syst em i fer genssatng g neNigatipp signloni ng system (GPS). The GPS general |y
operg&es by using a plurality of frequency bands such as Li, L2 and
L5, ch having a center frequency at 1575.42 MHz, 1227.6 MHz and
1176. 45 CKEMEND XRTY.- Each signal in these frequency bands is
nodul at ed by a respective spreading signal. As can be readily
under st oqdo®a] t hose having ordinary 30skill in the art, a CA (Coarse
Acqui sition) signal emtted by a GPS satellite navigation
In satellite positioning system, a position of a receiver is determined by

passively measuring positioning signals transmitted from a plurality of satellites by the

15 receiver. In this case, time synchronization is one of key technical elements. An
onboard clock is used for generation of a regular, generally sequential, series of events,
called "epoch", and a clock time of occurrence of the epoch is coded to a random
number code or a pseudo-random number code (hereinafier, referred to as a spreading
code). Then, as a result of the pseudo-random number or random number function of a

20  time-epoch coding sequence, an output signal spectrum is determined according to a
rate of change of a spread code element and a waveform of a spreading signal. The
frequency covers a wide range. Generally, the spreading waveform is of a rectangle
(rectangular) and has a power spectrum represented by a sinc function.

[0003]

25 An example of such a satellite positioning system includes a global positioning
system (GPS). The GPS generally operates by using a plurality of frequency bands
such as L1, L2 and L5, each having a center frequency at 1575.42 MHz, 1227.6 MHz
and 1176.45 MHz, respectively. Each signal in these frequency bands is modulated by

a respective spreading signal. As can be readily understood by those having ordinary

30  skill in the art, a CA (Coarse Acquisition) signal emitted by a GPS satellite navigation



systemis broadcasted in the 1575.42 MHz Li band, and has a spreading
code rate (chip rate) of 1.023 MHz. [0004] In contrast, apart from
the satellite positioning systens including the UPS, 5 there has been
known an | ndoor Messagi ng System (I MES) intended to determ ne
position information in an indoor environnment. The | MES signal, which
is simlar to a GPS positioning signal, is broadcasted with the sane
Ui 1 1 equensipnbaruontoasshrhasRTa A2 I n ks band nddes pepisetios Federaekhp
‘rate) of 1(%2@?%%3 jch is of the sane famly (Gold series) as a
spreadi nd %38 ZCA signal . 10[ 0005] | MES transmitters for
transnittﬁﬂg4 he I MES signal, which are installed in |arge nunber in
bui | di ngs” and under ground shoppi ng areas, transmt their position
information W tia &difrak)Vaparsifiialthe ShteHite Posisibhigg i dysteheriaclndinghie (GBS,
a user having an I MES receiver is capable of know ng his/her own

posi t iSon thyrer basebsannknewi anSindeer Massagingy System| (WES| igteatledihel detremiisy
transl ating.the position infqrmtiopn superi t.herean.. [ 000
In this riSyHmer tl%H’earb‘Pg?‘PfeenW@gn tgngﬂg ? na r?’(éllﬂﬁlé Esél%ﬁ;rct&fe

of the UPSpsi . al .epeat. I l, .t s q( i 0,
a cycle o@’? rrgg%%ﬂ ngslggag’er{?l 90§?%%%§d8{1tht ct)ﬂ)%v%sna?{g hié [ éjﬁ%ﬁﬁ%’&% {% ﬁ’)c‘)%t&f
sear chi ng] 595 42MEB dridehasl 4 GRUANEY cédfrate (QGE rRERSR1.023MHES Wkidhliis 6 the
for the carrier frequency to have a difference froman expected val ue
falling wiante famalylfGektischies)faslakspireatimgtcoids ofithedih pignadal nunber of the
code cycle of Ins and, therefore, to be certainly capabl e of

preci onl0P?hi n 500Hz. Since this represents that the clock
frequency devi ati i.s. 500 7 = -6, bt I

to consi der th%gér% glagg%%é%n%ié’gﬁ%%ﬂ%%q@gégﬂl% ‘é‘}c}i&cth oﬁ%égf@gg luf‘r?? 7
2E-6(0. ZpRmibap i BRMEndtR8H Nundddglobad . s Eﬁ@ talhis C et a SR i BRSEH oS
about one m crosecond for one chip span, tp e degree of precisionis
requi r ed inforhmatian ewithcthe BUESssigrald sperimpO§0d jt thereon. That iska gserfhaving an
illustrates _a situation in which a user_ having a conventional | MES 30
-recei ver IMBY eEeceivein ia canghlgl o kapwing  hisdhvewa i BRsdion DY, seReivieg and

to a 5 gn&émoad’u?a%ir;goghea IMES signal and thercby transiating the position information

superimposed thereon.
[0006]
In this regard, a CA code of the IMES signal is the same as a CA code of the
GPS signal and repeats a series of 1,023 bits (1023 chips) on a cycle of lms.
20 Consequently, in order to switch signals without searching for a carrier frequency and a
code phase, it is required for the carrier frequency to have a difference from an expected
value falling within a breadth of 1kHz that is a reciprocal number of the code cycle of
Ims and, therefore, to be certainly capable of precision within £500Hz. Since this
represents that the clock frequency deviation is 500Hz/1575.42MHz = 0.33E-6, it is
25  possible to consider that the degree of precision is required to be less than 2E-6(0.2ppm)
with some margin. Further, since the code phase measures about one microsecond for
one chip span, the degree of precision is required to be around + 300ns or less.
[0007]
Fig. 8 illustrates a situation in which a user having a conventional IMES

30 receiver moves from a signal area for a conventional transmitter A to a signal area for a
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transmtter B. When a user having the I MES receiver 803 noves froma
- signal area (801E) of the transmtter A (801) to a signal area (802E)
of the transmtter B (802), it is necessary for the I MES receiver 803
to switch a receivable signal froma signal a conpliant with the
transmtter 801 to a signal b conpliant with the transmtter 802. In

5this way, in.t event of sw t.ching..t recei vahl e signal from a
signal a wsan%qrgﬁm By mpwe)‘fm%i%ﬁgwgg TFEeIyeS Sﬁgsffl?‘é% QIR 3 ighal area
Vi ewpoi nt i i it i .
tur o on GPIEFOIBUREEAIOR AYRI) b 8 oD el R ARARA IS ), i
as possi bie@esshi§O0@?] thd AMES Qbepa 0G0 §witcHTR kbt Gvdbie sihubipfriofNa Afignal a
signal disconnection as short as possible, it is required for signals
a and b semtplfanowith hiee traERitteraitd o tatsigral B coBPlint axith tBe t@BOARittco 8HAV eln
smal|l differences _in carrjer. frequencies, and spreadi ng code phases.
[ 0009 AtthisHvay, ﬁbﬁh%tqveiltrpféwvdf@hlnggﬁ%éeceyﬁals|S@néffr9@@e$lgwg tp r@%@naﬁ by
signal s, Lwver.. . J: I t i
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then perfornms denodul ation while preserving a correlation wt

br oadcastasgiogsibles. A typical positioning signal receiver is
illustrated in block configuration in Fig. 9. The positioning signal
recei ver [9688]in Fig. 9 includes an antenna 901 for receiving signals,

a 2Q.receiving section 902 for.perform anpl.ifi.cation processi

o tHY T ecer vednargratEngin sy B PRehE eition Goed PipBficRbR % Shofths
pr ocessi LA YAl = L i t

B convar B K e S e, AL PE L fom
si gnal ; |IB(802)tehardnalleliffeegesia yaricafrepiacies phd Seghinetalegphaed f or
generating code replica signals, and nultipliers 905 and 906 each of
whi ch mullOP@?li es a signal fromthe 25receiving section 902 and a
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mul ti pli espsealite cddd i@OBichlywith those of the signal which the IMES transmitter sends out

and then performs demodulation while preserving a correlation with broadcast signals.

A typical positioning signal receiver is illustrated in block configuration in Fig. 9. The

positioning signal receiver 900 in Fig. 9 includes an antenna 901 for receiving signals, a

20  receiving section 902 for performing amplification processing of the received signals

through the antenna 901, a reception processing including down-conversion and A/D

conversion and others and conversion to a digital intermediate frequency signal (digital

IF signal; IF: Intermediate Frequency), a code replica generator 904 for generating code

replica signals, and multipliers 905 and 906 each of which multiplies a signal from the

25  receiving section 902 and a signal from the code replica generator 904.

[0010]
Further, the positioning signal receiver 900 includes a carrier wave replica
generator 907 for generating a carrier wave replica signal within the receiver,

30  multipliers 908 and 909 which multiply outputs from the multipliers 905 and 906 by a



sinort signal and a cosort signal, i.e. carrier wave replica signals,
different 90 degrees in phase fromeach other fromthe code replica
generator 904, respectively, and further includes an integrator 910
for integrating outputs fromthe nmultiplier 908 for a predeterm ned
period of time, an integrator 911 for integrating outputs fromthe 5
mul tiplier 909 for a predeterm ned period of tinme, and an operation,

cont r ol | esin®rt Zignal andey daseort signal, heeeprEien WavegEpinatsignals, fifterent B8 degrees in
integrators 910 and 91 i.nt egration before squari and.integratinon
Lty Squblrst oo Reel ibehEP5: iasbaneie Frertni i dp SRty ghturb
conput er - ' a 0 ' iDBerC f
replica g@%@@%?%gag%%%%ﬁgR?ﬁeﬁ%aﬁgggéﬂ%%egﬁygb igghgéﬁgpgﬁg? g%% ?Bf
si gnal copgel&s®iihed@risd dfatimtOtahatdgigior [A01bk integratindt olithus fomNthe
the operation controller 912 is capable of nodifying a code %enerated
by thé cousltiplipt P% fayenpredetormiad: pemodi o tfmewandcap gpergiden controller 912 for
conput er - programmati c) . approach. _Further, the ratiqn controller
912 ext ramrgor%ﬁt%%ti%ﬁ%&g%@&%&5@&*%@%8%@5@5e9 ! (ipesrptiqnbefore
posi ti oni ' . and_per idl R NG ' t

"t he priogedhd B iRl ThupRb bt S o RGHARRR: o sltrorefliCter
sear ch f ogorhhiei O glaiReHiRR capg@a@ﬁ ahd FuRh@acaSllingathe| @ide Welecadpshet4i6r
replica signal carrier wave 20 which come to be coincided with each
ot her (no?& pndpbe carrieatwavepreplics igeneratar 907 §004igna scodgdementeand signal
bEfO;ﬁf and a code phase search for finding code phases of the

spre ng“%&@éisent out fromthe INES transmitter and the spreading
code of tﬁﬁ [ﬁplica si gnal which becone to be coincided with each

ot her. As |E strated in Fig. 10, when the replica signal and the
broadcast signak: ea&Bolf, BR SRirRdndeshilich 98aGE QbARE JdfMmEdEHhE I£E0de
frequency and code phase, the correlation with the broadcast” signal

i s maxi m gedrated valyuethendcddeenrdptiea brgeaciasat 804nah can sbfwamssdsey e dor

[0013] In addition, for signal switching w thout performng these
carrier feaupRidefcgrogrammatic) approach. Further, the operation controller 912 extracts

—

15 navigation messages based on a received satellite positioning signal and performs
positioning operation et. al.
[0012]
In the process of demodulation, this receiver performs a frequency search for
finding frequencies of the broadcast carrier wave and the replica signal carrier wave
20  which come to be coincided with each other (more properly, at a precision within
+500Hz as described before) and a code phase search for finding code phases of the
spreading code sent out from the INES transmitter and the spreading code of the replica
signal which become to be coincided with each other. As illustrated in Fig. 10, when
the replica signal and the broadcast signal come to be coincided with each other in
25  carrier frequency and code phase, the correlation with the broadcast signal is maximized
in value and then the broadcast signal can be received.
[0013]
In addition, for signal switching without performing these carrier frequency
search and code phase search, it was as just described above that the precision of carrier

30 frequency is needed to be about 0.2E-6(0.2ppm) or less and the precision of code phase
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search and code phase search, it was as just described above that the
~precision of carrier 30 frequency is needed to be about
0. 2E-6(0. 2ppn) or less and the precision of code phase is needed to
be around 300ns or less. LIST OF PRIOR ART DOCUMENTS [ PATENT
DOCUMENTS] 5[ 0014] Patent Document 1: Lai d-open Japanese Patent
Publ i cati.on . 2%09-85;%8 ategt Docunent 2: Lai d-open Japanese
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Pat ent PUBPP FL37%F SUMMARY OF THE | NVENTI ON 10
[ OBJECT TO BE ACCOWPLI SHED BY THE | NVENTI ON] [ 0015] I n such
circunstances, in order for all IMES transmtters to be capabl e of

sendi ng |IMSS QF PRAOR ARV DOLCUNENTSal carrier frequencies, it is
needed for fundanental oscillation inside the transmtter to have a
devi at i or[PAFENT ROCWMENISEt to its nominal 15 frequency, to be small
in frequa§8¥ variation and to have | ow tenperature dependency which
repreéent Hat the fundamental oscillation is free fromvariations

' n frequency d‘i%tén?p‘é%ﬁﬁl%ﬁti 127% gﬁ;e?l??#%[}%ee P?t@?i’cef%ii%t%ntlﬁrcﬁ):i)@-'ésﬁzs

oscill ators having ese charac atures are's y managed

and control | ed paferk ®EREMBHU: ¢ aidopdrTapRfcbaPatentahdB/Ich NG Dooould7he
replaced with atom c clocks in which resonance of an atom 20 havi ng

sone particular frequency is used, resulting in being acconpani ed by
di sadvant ages of _hi gh equi pnent expenses as well as |arge size.
[ 0016] SUMMARY OF THE INVENTION
10 [OBJECT TO BE ACCOMPLISHED BY THE INVENTION]
[0015]

In such circumstances, in order for all IMES transmitters to be capable of
sending IMES signals having identical carrier frequencies, it is needed for fundamental
oscillation inside the transmitter to have a deviation small with respect to its nominal

15  frequency, to be small in frequency variation and to have low temperature dependency
which represents that the fundamental oscillation is free from variations in frequency
due to variations in ambient temperature. Generally, oscillators having these
characteristic features are strictly managed and controlled in temperature in thermostatic
chambers and could be replaced with atomic clocks in which resonance of an atom

20  having some particular frequency is used, resulting in being accompanied by
disadvantages of high equipment expenses as well as large size.

[0016]

Furthermore, how expensive the oscillator is, frequency variations are certainly
be caused resulting from a long term use. Therefore, there is an undesirable need for

25  regular frequency calibration.

[0017]

As one of methods of restraining these long term frequency variations, there

has been known a method of comrecting a long term variation of the oscillator through

reception of a GPS signal. However, although the GPS signal can be easily received in

30  the open air environment, there is the problem that the GPS signal cannot be received



Furt hernore, how expensive the oscillator is, frequency variations
are certainly be caused resulting froma |long termuse. Therefore,
there is an undesirable need for 25reqgul ar frequency calibration.

[ 0017] As one of nethods of restraining these long term
frequency variations, there has been known a nethod of correcting a

|l ong termyvarjation of the gscillator through receptjon of S

si gnal . Hines/b s haggly seachpble prarsmdoey gvaonmght yish @g Pq@ﬂ%ﬂeﬂa lv%rarﬂund
30t he ope; Oai I %pé/isronnent , there is the problemthat the GPS signal
cannot be” PEREBVEE™ since it is hardly reachable in an indoor

envi ronnmefjpigpch as buil di ngs and under ground shoppi ng areas. [0018]
As a neans of solving this problem there is what is called a UPS
repeater. It 5 Asaomant bfsoldingubis pRblanhghedess mbatiswatled a Ghtereppeer. ailtr
into a building through a cable and resends in the building. However,
when appl iiang thi dravwe Al signdly eaad jn Simenencii ke adwﬂémgrfgmughtai Ghle
signal transm tt&rs iBStbal'l ed On!-slt he ground, iiy.i ) tﬁeeded tg?

i nt roduce® TPETS i A PUES m HAREY &I]!?n pLiRg |ty TR (TREReY
need of i @g&ﬁé&%ﬁ&{loplflargié;agigyfsﬁna?ﬂ%&ﬁfte@mfs&ﬁfzu%ﬂqh@ gﬂﬁhﬂ,uf%‘ié RRded to

costs in nsequence. ron, UPS 10 signals sent fromthe UPS

repeat er iubtuddd GPS epeadér syelehcsepoifatdly)tresuligge incaiditionaliaesdsofdnetallation
intends to receive incomng intrinsic GPS signals, albeit only,
sl i ght |y, of therfiRR rehsates sypjem fapd cergirystien cests &negnsequente c eimasdditiong GG

Pt GHE | OFER: &5 (EIFE th AL TRERICH MEN IR O RERT SOPREAL P B rchper

realizes LRe iHe%ﬁé“?S'lCr%ceW{‘iﬁéo%hé%lr%icbbﬁﬁeé’lgﬁa@f a gﬁ;&f@%ﬁ\%gﬁ% from

transm ssion or wreless transmssion of timmfAg sign

transm tt gitdoorsBWEdEExanyd) 2 sepgilive figeill S neans to frequency
synchroni zati on of the navigation signal transmtter installed on the

ground, if00i18] needed to provide the transmtters with timng signal
transm ssi on circui t? aside from 20 _navigation signal S,. resulti ngatl n

di sadvant ages ofS 4R AREREYS &R (M TRINBEY SHIChRAR{A0grOT gfgund navigation
transpg ttSénandina@m' ﬂﬁfogfas&‘)ifanﬁ‘lleﬁt? Uefe ROVSHe GARSH"RALAR: the frequency

synchronization by means of two-way wire transmission or wireless transmission of
timing signals between transmitters. However, when applying this means to frequency
synchronization of the navigation signal transmitter installed on the ground, it is needed
to provide the transmitters with timing signal transmission circuits aside from
20  navigation signals, resulting in disadvantages of an increase in the number of parts of
the transmitter and an increase in electric power consumption.
[0020]
It is the primary object of embodimentsl of the present invention to at least
relieve the conventional technical problems. That is, the present invention relates to a
25  method of inexpensively and certainly reducing a frequency deviation of a terrestrially
transmitted navigation signal and it is an object to be accomplished by the present
invention to eliminate the use of high-precision and expensive oscillators necessarily
built in the conventional transmitters by virtue of providing the navigation signal

generating method.

30 [0021]



[ 0020] It is the primary object of enbodi ments of the present
invention to at |east relieve the conventional technical problens.
That is, the present invention relates to a 25 nethod of

i nexpensively and certainly reducing a frequency deviation of a
terrestrially transmtted navigation signal and it is an object to be

acconplished by_ the present inyention.to elininate e use of i
 ghe br eci i on LG R 8EF seroBd SPIceaP e Fodisddis of B afpnd pvepion o
convent i }.k ] : Ldin h Vi ' .
i gnal - geng (pé RESELET el pifeRioR SIS MR, MR pRBHI uention
obj ect ofrelafe tompethoR ot Brifding BelRkasRing of thecRtrearallPirhdsifitted Bavigation
terrestrially transmtted navigation signals. That is, the present

i nvent i orsigmll atitds a tecertainmefenerde adbt iinen vhjeat t be lacedmmilished by tthe present
terrestrially transm tted navigation signal Eﬁth a ﬁertqin reference
and i i SIYFTIHOR;IR PFOWES WPTataTRTh I CHVEMEYCS H dheryRE oh P18BRlITFRFRHET Y 45
provi de i - ] i i .0f_.Sj i

Do o B RUATRE g RGO SDRE R TRyl gk DRRDI B
di m ni shegiffsiRheadinddg GOFRralR S8 tehdstiRENe SsAIMAD navipdtivhadibhals Sfhich are
terrestrially transmtted navigation signals which are conventionally
not at t hensent®npldy notsatdhe sammepoibty offtianes bpimeans chinaghingtimmiggs amomgythe
t he navigation signals absolutely or otherw se relatively an

d

absol ut el BAVigs}ion fignpds @psolptely, amqihwiﬁ%éelﬁé\(ﬁhg@moﬁbsg%ﬂym by virtue of
t ] thad, [0022] _. Ln. i f the technical object

GoccrPhed el 8 panafh el esnstlingstiihoSu: | [ hat - unen 1 VS o gnal s

a and b a[rogzi dentical in carrier frequency and spreadi ng code phase,
transmtters ‘are capable of receiving the I MES signals b wthout

searchi ng for dnlightaf theatchnieadoubjecty derdited apoendhamvenrdss Ipvageund out
t hereof by the use of information on a carrier frequency and a,

spr eadi ngheloddepANES signads Aiand & are ddpndicalgint qarrics deganerry adSPstaging epdg,
so as thereby to be capable,of perform ot.hl ecei vabl e.si gnal
swi t chi ngP P eBRBERRae Sapapls obreeving B ARESGrignals b iyifhopl feprehtie fho
ACCONRL | SH ThE: bnd 998k ding code gHIS: MRYIIHyI ME 13 9PFhformati

Cranan { t AT achor ar g T Raeding code phdf HRKLEE Qs S Mbmmaton on o
conpr i si ngrider fe@peNdyNgnds £ Sprieading @0 dé bk Wet@minedr aaosilirSiooncsivat 1MAY

generating a synchroni zation pulse in synchronization with a ]
predet er rdignads datsa 4 dmseby2% der edpablenet pstigrmaingssgmedthbynreceivgblsesighain

for generat,j i nt cl ock fun ntal K oscillation by using a
pul se genWI%&@?W@Wg{ﬁﬁééﬁ9ﬁﬁ&o§ﬁ%&? sighabb.r of er ence pui se: an

| MES signal generating section for generating an | MES signal based on
the internal clock fundanental oscillation; and a transm ssion

ant enpa tiMBANE MhACTOMELISVESHE oBakECygnerated in the | MES signal
generating section is transmtted, wherein the
[0023]

The navigation signal transmitter according to the present invention is
characterized by comprising a receiving section for receiving a transmission wave and
generating a synchronization pulse in synchronization with a predetermined data frame;

25  a reference signal synchronizing section for generating an internal clock fundamental
oscillation by using a pulse generated in the receiving section as a reference pulse; an
IMES signal generating section for generating an IMES signal based on the internal
clock fundamental oscillation; and a transmission antenna through which the IMES

signal generated in the IMES signal generating section is transmitted, wherein the

30 reference signal synchronizing section comprises a counter circuit, a comparator, a



30reference signal synchronizing section conprises a counter circuit,
a conparator, a |ow pass control filter, a D/A converter, a voltage
controlled oscillator, and a frequency dividing circuit, wherein the
counter circuit is operable to count the nunber of clock pul ses

generated in the voltage controlled oscillator, using a signal input

fromthe transm ssion _wave as a reference signal, and_ the cgnparator
i s oper ablog-pass copgrlidtonreDA sonirarien ayaltage entroligd pgsillaten dpd prqquency

and wherein.the reference signal nehroni zi ng,sect | ' i
for when SVidne e VR § SHE Rt AP B GrPes S a0 ahe nfiRls SR
the conp r i tihi ' | dsigRat # $rofh th
pr edet er ﬁél%%a %%Jn?}taléér:d \(‘)4 tﬂ'Eh: gggaﬁggﬁ@g?rdé}’gﬁaﬁ, H%%}%? r %1 ?%lbilngw:djous% ea
| evel of gamhiigionehtagea tfferehe sighdlomd the admpdrhed insgdrablatoeompare the
10[ 0024] The reference signal synchronjizing sectjon is o
confi dur eebunisd vhenwither referanecusidug, cndtwhsieinithe seferenee signel nchmpaizing
conparison i.n the co rat oy exceed he, predet erm ne | ue . )
cont rol | afic}oy ?Ss@gﬁﬂggﬁéo’c‘ﬁ %Hlagﬁ]?'ﬂjt@.m][ag {P i%al'ﬁeéugé’¥§fee‘?‘?wa§‘fs%ﬂ’l

synchroni gj, Fn) % 5‘253? LibP '}‘al? Sf vvg@qqf i,0 erﬂgte}ﬁmemet bRd Rghhidide gredetermined

rel ati onshi a resu [ he"conparison I n the conparator exceeds
t he predemahbdrnsting meor@ndirdchionvednuollsi e edilisng 1éut ofcentedlevoliapeds the
val ue continues a predeterm ned nunber of tinmes within a

pr edet er nvaltage conteollsdoseitlatocont rol | abl y change a value as a tine
constant.EﬁgéfOZG] A method of transmtting a navigation
signau)ac ng to the present invention is characterized by
conprising t he ﬁequfé:?gﬂcer ﬁg?&l\”sﬁg:hp%lﬂ'ﬁé GGl g 3 éSu%H %0, when the
transm ssi on wave and generating a synchroni zation pul¥%e 1 n

synchr oni gakhifille Welafioashds @det fistil ndhe abmphfidiBin SRNEAlArater BYcedds the
reference signal synchroni zing section an 25 internal clock

f undanment pledetemhihbdivalos coytrolddbhydizcayd tlwecoysiedvatued i n t he recei ving
section as _a reference pul se; generating by an | MES signal generating
section al!ORRES signal based on the internal clock fundanental

oscil]ation; a trapsmtti.ng by a.tr 1 SSi: n Hﬂq I

Si gnaiégene_rat relghﬁi ne eFleenCF_l\/E_gg%li é a _Ognéﬁﬁﬁeéna |{_ﬁ(§ps§c%‘|§o X %/dr::c?’_ei n _Phéhe
ref erencepgpginfle RURBHIRNIAZ I NEsER UM 188 CRAIFRFIHER theCOIMIARAOE ekéedlld thed
30conparatof, a | ow pass control filter, a D)A converter, a voltage

cont r ol | epredsteithihed omlue amdl thee fvalaeuemesdingi vhed prigletermmeil t valaen dontireieeian
the step of generating an internal clock fundanmental ~oscillatjon

i ncl udes: Predetarmined Bymbereofdwagstvathip p pegdetermmed dippiagriods centiirbly phangs
generated in the voltage controlled oscillator, using a signal input
fromthe ?V&H‘%ﬁ%%é@&‘fo 98- as a reference signal, and the conparator

i's opgy abjggokp conpare the

A method of transmitting a navigation signal according to the present invention

is characterized by comprising the steps of: receiving by a receiving section a
transmission wave and generating a synchronization pulse in synchronization with a
predetermined data frame; generating by a reference signal synchronizing section an
25 internal clock fundamental oscillation by using a pulse generated in the receiving
section as a reference pulse; generating by an IMES signal generating section an IMES
signal based on the internal clock fundamental oscillation; and transmitting by a
transmission antenna the IMES signal generated in the IMES signal generating section;
wherein the reference signal synchronizing section comprises a counter circuit, a

30 comparator, a low-pass control filter, a D/A converter, a voltage controlled oscillator,



b

5 counted value with a reference val ue, and when a nagnitude
relationship as a result of the conparison in the conparator falls
within a predeterm ned val ue and continues a predeterm ned nunber of
times in one direction, controllably adjusting a | evel of control

vol tage of the voltage controlled oscillator. [EFFECT OF THE

| NVENTI 100027 . ... The. navigation.signal.transmtter an h
ot hod of e EREREY iy iding SeGist P GrGhE GroR Pt BRBTBR b HFGH (s
make 1t pessihiifall QlIRHNE Sdhdes CEHENGY bIUL LB Ofculilk SRkideP ok Klock
transm tted navigation signals inexpensively and certainly, and to

el i m nat gnildee gemeradid [ G- PolRGE SdodfroBEd] 08NN0BE | MengD & Cdiptalligfa MbinCihe
are necessarily nmounted to 15 conventional transmtters. Furthernore,
t he navi deansmissigingrae asraarefarencesignahdnd flee ensnpaseionts aperabdmiot qompgreathe

navi gati on signal of. the present inventjon nmake i ssihle to
provi de iG9HF é’_ﬁl%ﬁt‘”’i%aé {FGRF ERbE S0 Yh & g desRlRtars RELPITHH of

such as r (o} i el 1 i i -
e 2 SO Eh Rk SL20aARHLEAL WiBlh L B BRI A LM Byinues
terrestrigbdeterhlinddSiinbee df figéh ﬂ%ﬂ&he%ti&ﬁ!@:’oﬁtr@ﬂ’abl@@d]ﬁstﬁiﬁ A8 {4l i B8ntrol
20ti m ngs anong the navigation signals absolutely or otherw se

rel ati velwlagelofihs sbliagel opntralRidsscDBRER PTI ON OF THE DRAW NGS [ 0028]

FIG 1 is_an explanatory draw n? for illustrating a structure of a
navi gat i JEFSE @Fiﬁﬂnék@}ﬁf@@ according to an enbodi nent of the

presanat in@“ tion. FIG 2 is an explanatory drawing for illustrating a
bl ocK "co |§arati on of a reference signal synchronizing section in

the navigati on_ﬁeq&e«igaﬁs%@%ﬁgr kBRSOl 18O nictndd6r GRRAMHBIY nilfigdds

present invention. is an explanatory drawi ng for

i |11 ustr atsigigl ofehaprasantoinventione make dy powibd ito ged@s ex fiequency delration of

reference signal synchronizing section of the navigation flll_;,‘:gnal_ .
t r ansni t tterestigboiransputtedonavigatiopisisaplyanexpsnsively apd esdainly; prdotet ¢lispinate
FIG 4 is,an explanatory. chart for .illustrati t he degree. of
Fr squency PS8 OF PEIUATHah "o cragh b RA o nf gk X PSER R moPRcg g
ref engnce.fidithalS YA6MiR8iZ ! NG dren ygd Pﬁﬁﬁatﬁﬂi\“s bl @An§h@BRland the
transnitter according to the enbodi nent of tRe present invention. 5
FI G 5A iiethod R phasngittdpya ddvdpdtion signal of thespresint iy eAtidreinake iqossibigral
synchroni zing section for nmaking time synchronization in a navigation
si gnal t rupsife implovemenridicagvanicngn ot Hertiraerobsignelmecaption sectpasedortening
I nventl Ono'f signal acquisition time resulting from a diminished spreading code phase difference
among a plurality of terrestrially transmitted navigation signals by means of matching

20  timings among the navigation signals absolutely or otherwise relatively and absolutely.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG 1 is an explanatory drawing for illustrating a structure of a navigation signal
25  transmitter according to an embodiment of the present invention.

FIG. 2 is an explanatory drawing for illustrating a block configuration of a reference

signal synchronizing section in the navigation signal transmitter according to the

embodiment of the present invention.

FIG. 3 is an explanatory drawing for illustrating operation of a frequency counting

30  section in the reference signal synchronizing section of the navigation signal transmitter



FIG 5B is an explanatory drawing for illustrating a reference si‘gnal
synchroni zing section for nmaking time synchroni zation of a navigation
signal transmtter according to 10 another enbodi nent of the present

invention. FIG SCis a flowhart for illustrating an operation flow
in the reference signal synchronizing section for making tine

synchroni zati gn of the_navigatjon signal transmtter according to a
still anoteserdiggiodhs pehpdigient HH%BP%@H@YWQM ion. FIG 6 is an

et e i e L

timng 15 ne I'ng co _ vigatio _ _
transm tt gfn@k8 PHiABn} 8f eNM Hifal &ThRAeERMce Alonhh Sy RARTSIMg sRUERLE et

FIG 7 is an explanatory drawing for illustrating a structure of a
navi gat i omavégaioalsignnbinanititteraceadmgdo tg dnobaioeittert tenfrostinrerventadn. t he
present invention. FIG 8 is an explanatory draw ng for

i || usty at Fitg 3 43 enapianatony WEveRg 0T JBpstiabng dgrederoncce sanantynshranizing

| MES transm.tter ves froma signal area for.a conventional )
ransm ¢t BEU (g ARG e SPEuoRBRton 1 4 Rikitiod Tl Fresmif acogrding to
expl anat Oﬁﬁbtﬁér%ﬁ{nghﬁé?ﬁ ok{ﬂegﬁ&sreﬁ%‘ Déht@nb! ock configuration of a
receiver circuit or a conventional positioning signal receiver.

FI G 10 i SFHR 53X anadxplanathiawravging obr iillksuatingital regeranceosigagit syathronizing
searching for a carrier 25 frequency and a code phase of a .
convent i osegtion fyimaldng timesiygelaPnizDESOR PTvisetion SBVBODRMENIS f@onig to
A navjgatio I gnal tran?g;tter and a nethod of generating a

s .
navi gat i ofP%igR bf)é’é%f‘é’éB ehgesent ’i’ﬁ‘a‘tlﬁflesent i nvention will now be
descri beded.] set@i] 'ﬂov&c%%o}oram&gdtﬁ@nﬁn Joperation flow in the reference signal

synchronizing section for making time synchronization of the navigation signal

transmitter according to a still another embodiment of the present invention.

FIG. 6 is an cxplanatory drawing for illustrating a relationship between a clock timing
15  signal and a spreading code in the navigation signal transmitter according to another

embodiment of the present invention.

FIG. 7 is an explanatory drawing for illustrating a structure of a navigation signal

transmitter according to another embodiment of the present invention.

FIG. 8 is an explanatory drawing for illustrating a situation in which a user having a
20  conventional IMES transmitter moves from a signal area for a conventional transmitter

~ Ato a signal area for a transmitter B.

FIG. 9 is an explanatory drawing for illustrating a block configuration of a receiver

circuit of a conventional positioning signal receiver.

FIG. 10 is an explanatory drawing for illustrating a concept of searching for a carrier

25  frequency and a code phase of a conventional positioning signal.

DESCRIPTION OF EMBODIMENTS
[0029]
A navigation signal transmitter and a method of generating a navigation signal

30  according to the present invention will now be described in detail

10



Fig. 1 illustrates a structure of a navigation signal transmtter
-according to an enbodi nent of the present invention. Here, it is
assuned in this enbodinent that a 5 PHS signal shall be "sonme kind
of signal of an external system (transm ssion wave)". The navigation
signal transmtter 100 conprises a PHS receiving section 101, a
reference §5®nal synchroni zi ng section 102, an | MES signal generating
section ﬂ@ nd a transm ssion antenna 104. In addition, the PHS
receivin A 01 and the reference signal synchronizing section
102 nakegagggﬁhgﬂ%%rnal cl ock generating section 10 (which just
corresponds to Eifel iliisetiRala thotite g€ AeRtigaion? Sinall thdiSinitedr edcdrdingitg.an2
of Patent Docunent 1). However, in conventional internal clock
gener at orgnbndimentsof the psesentt maentionki dler@ ibis awmed iDgus embodimmeng that a
illator, which is also call

expensi ve_OCXO (Oven Control l.ed Xtal Os ed
2t eﬁ?per%%&g bGP 4 84 of Siggal oY 3n pemal pfert fisppissiqn,wave)
enpl oyed + . i e : ¢ -0rect. sl

5 o0 e Haihiced SRAGLRBntnleP ARCRARIRL o ES FOGYRE RbSsPdon,
recei Vi Ngrefe@rice @iznhPdynohioalkins stis R MDENIMBSE sighel sdhefitinglse@lodCl03 and
generator as illustrated in Fig. 1 receives a PHS radi o wave of

1. 9GHz bamdransmissiniit anéehnfr WM. a IRHSldtiee the RHD recaidng essetiaat 461 10 the
pul ses in synchronization with a PHS data frane. Si{}?e a frequency,
of fset offeldencpignabsypgaonging segtion L0%make up AR inferspl glagk gepeptingpsestion

b5 1 03, AL HIREILER Rt BHISY ot M BASL L 4 DR

data fra certaln s even evi

in the i nbesiR@nt @j.p%@év&,hﬁ cBIRRntiS &L ke S6&t %éﬁér&t@rs'fsﬁ&l as illustrated in
transmtter. That is, a repeating frequency of The PHS data frane has

a smal | fFigghefdataf Txetimeh0032] cRieftive HCXPo{Oen ContsallddrXmapOscillator,
synchroni zation with sone kind of signal of an external systemb

taki ng i twhishgis ralen Galiggya ‘Pempugianre ortellsdgprystiab oseitator'ac i epawleyr i
conceivablelto .nc&r ni.ze mjﬁh a carrggr fre?uenc of the radi o wave
pr opagat TR LBIETIHAO Sfehres high dgEite ot Feaueney BRAIFSK gnal 1
Coan@”iHb03§ the carrier wave. However, since the carrier frequency
vari es according to nodul ati on schenes of the 30 radi o wave (the
frequency vari da thy navigativnl sigriah ratghitteM 00 dht @HiSorceidingrsecpicandd! which
hoppi ng schenme in FDVA and CDVA), the present inventionis
char act erip Acepmppneyineftherinteaal lockigeneraor ag ibugtvatask indeige 1 regeiveatehBHSg
data fr ar}%dl%yv%v%. of 1.9GHz band transmitted from a PHS base station and generates 100 ms
pulses in synchronization with a PHS data frame. Since a frequency offset of the PHS

20  base station is small and a plurality of PHS base stations are synchronized with each
other, the cycle of the PHS data frame satisfies a certain standard even if there is a
deviance in the internal clock of the PHS receiving section in the transmitter. That is,
a repeating frequency of the PHS data frame has a small frequency offset.

[0032] ‘

25 At this point, considering synchronization with some kind of signal of an
external system by taking it as a radio wave propagated through the air, techniques are
conceivable to synchronize with a carrier frequency of the radio wave propagated
through the air or to generate a timing signal in conformity to the carrier wave.

However, since the carrier frequency varies according to modulation schemes of the

30 radio wave (the frequency varies dynamically through FM modulation, a frequency

11



[ 0033] Then, a pulse of a cycle of 100 nms output fromthe PHS
receiving section 101 5 in Fig. 1 is input to the reference signal
synchroni zi ng section 102 as a reference signal. The reference signal
~synchroni zi ng section 102 generates an internal clock fundanental
oscillation in frequency synchronization with the reference signal,
and outputs it to the I NMES signal generating section 103. It is, also
possi bl e kapping peheme; in FDMM god> §PMA), theugrtge?f‘a% davention; i charagterizgd Zm

Do ' | £.th ' I ' ' .
rooad) Smehiefhish RigEacarg SpA R AP S BArRERYEDS 1 Ry o

generatesQ@gﬂleS signal disclosed in Patent Docunents 1 and 2 and
then transmts the signal through the transm ssion antenna 104.

15[ 0035] Hemea pulse sifawydlelsf 100tredointbat frofehs PHliSalecaving stetiym tHe
PHS receiving section 101 and input as a reference signal to the

r ef er énceindiignkis ispwidh tlsnicfrenpestang] Hmchiopizing sagtier h@ﬁ ponfeferenensignaln

Focei vi ngl CoRHBH LB SETOR 02 SERTER "L AN BT PEORP Ay
a signal (?stcﬂﬁlliiofl rﬁ?'ﬁreﬁ@&c g?n&lr&ﬂ?ﬁtioﬁv@ﬁh Wr&c@%&"é&ah LahEDuButs it éo gIISS

comer ci al power sources Even enpl oyi ng a signal er than t
signal, iIMES sp@sbidteeating s260dm0)03 qofif digLipedsibdn talespiit ib &dla IMUKNZ32 as
next paragraphs or after for details of signal processing.

Her ei naf t dustrated orFigt 2 ofiPstent| Davamentib irpplaemo e {MES signal gengreding section
recei ved idﬁi:he recei ving 25section 101 is a PUS signal. [0037] Fig.
2 shoWs al®t ock diagramillustrating a detailed structure of the
referenceoﬁg al synchroni zi ng section 102. The reference signal
synchroniglngpsection 102

Then, the IMES signal generating section 103 in Fig. 1 generates an IMES
signal disclosed in Patent Documents 1 and 2 and then transmits the signal through the
transmission antenna 104.

15 [0035]

Here, it should be noted that the signal output by the PHS receiving section 101
and input as a reference signal to the reference signal synchronizing section 102 is in
synchronization with the PHS radio wave propagated through the air.
f0036]

20 The PHS receiving section 101 may be a receiving section capable of receiving
a signal other than the PHS signal (for example GSMs, LTEs or commercial power
sources). Even employing a signal other than the PHS signal, it is possible to employ
a configuration described in the next paragraphs or after for details of signal processing.
Hereinafter, description will be made assuming that the signal received in the receiving

25  section 101 is a PHS signal.

[0037]

Fig. 2 shows a block diagram illustrating a detailed structure of the reference
signal synchronizing section 102. The reference signal synchronizing section 102
comprises a frequency counting section 201, a loop counter 202 and a VCO (Voltage

30  Controlled Oscillator) 203, where a reference si'gnal input from the PHS receiving

12



conprises a frequency counting section 201, a |oop counter 202 and a
- VCO (Voltage 30 Controlled Gscillator) 203, where a reference signal
input fromthe PHS receiving section 101 is eventually output to the
| MES signal generating section 103 as an internal clock fundanental
oscillation of 10MHz. [0038] Next, operation of the frequency

counting secti 201 in.the refere ignal 5 nchr.oni.zi ng_sectign
T02 i s Stgare RO g venbally Syl 6 HhRS SRR pepPal i eliPE A0S B7an Pls
si gnal ir@bﬁkfaﬁ?@ézﬁﬁdﬁkﬁaﬁ 6F MiNiIfzsection 101 is used as a
reference signal for the reference signal synchronizing section 102,
by which [g0g8jal it is triggered to count the nunmber of clock pul ses
generated by the VCO 203 in the reference signal synchronizing
section 102 usilxtaopesativmest e iteghencyronnting seefion #91iih|the refarcact bignal
he ndmbepnetopaececat LA paSdde of dobhiaroy Squesogo AL
VCO 203 j . f Atk f i Q '
corpar i sal SEPROTE U rosR MERHRKEL kol 0! RLERLFR FORGSSE B0 AP

_ _ a val ( erence ween
nunbers akfapétcs @ nabsyieRioRetint sdcbiof TOR! B Rlichsigdae itl i eflederdd ©F cot@Pthe
transforned into a vol tage by setting an appropriate gain and

conduct i mymbeDbAclodnprlsed ganeratatcbit the 'V UG 205 putheireferent b eig@CyRE€BoniZing s
DC voltage i.s proportional tg a frequency difference betV\eerhthe
r ef er enceSeSHGhHIZ BHRE & GRUGtRR ArcHi (neY Derny. asddwstsated m 43| akhegpeasyied

the YO 20nAiel el beniin £ LEARRFYASROEANAG SifuieaYall R0 LRR 3R

t her eby uency ér ence e reference sig

and the ingshial ﬁEcﬁ&ﬁJF%BP paveDt B3 ARIC h&lﬁfniapﬂul(j@@yﬁé@%lue P03 Brence

At this point, the nunber of pul ses determ ned based on the nom nal

f r equencysigfal tihex MaopAQ8natictuithgonchowa), gudl s eralng cofedifferanee dfetwded the
ref erence signal anounts to: 10 * 10 A 6* 0.1 = 1000000 [ pul ses].
in the cds@bgrepkpryss issnbiselied te suoethéng wrthe feop/Blte R, jtrnsfy el a

E 88 48f m v%ﬁQé’é ﬁ}? sgtylﬁlg %n\é%{)}'(l)%rigtfe gta?ne and I;gr{d%&%r?g gilﬂﬁaclzonivgrs%)%g) (%4 then
15 input into the VOC 203. This DC voltage is proportional to a frequency difference
between the reference signal and the internal clock fundamental oscillation, and the
VCO 203 adjusts its own frequency according to the voltage so as thereby to hold the
frequency difference between the reference signal and the internal clock fundamental
oscillation constant.
20 [0039]
At this point, the number of pulses determined based on the nominal frequency
of the VCO 203 and the nominal pulse cycle value of the reference signal amounts to:
10 10 ~ 6% 0.1 = 1000000 [pulses].
in the case where the nominal frequency of the VCO 203 is [0MHz and the nominal
25  pulse cycle value of the reference signal is 100ms.
[0040]
[Effects of the navigation signal transmitter and others of the present invention)
Fig. 4 illustrates an explanatory chart for providing an explanation of stability
of the reference signal and the internal clock fundamental oscillation generated in

30 association with the operation of the reference signal synchronizing section 102. In
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[Effects of the navigation signal transmtter and others of the
present invention] Fig. 4 illustrates an explanatory chart for
provi ding an explanation of stability of the reference signal and the
i nternal clock fundanental oscillation generated in 30association
with the operation of the reference signal synchroni zi ng section 102.
In the first instance in Fig s a ty I.ca exa jJmelof t he
degr ee ofthﬁrgﬁfl}éﬁéwf’sﬁl%gl‘? t(?) ’(SAH té’ﬁlcélﬁ%?f?&ﬁ}%io i Fesr) ugney stability

r _e}c e renc e(j'flﬁlg tsg’élfi%rﬁl a%er\]r]?e}tlr(?ﬁj P!IE; Enr% ﬁcg nszénaf % (Eﬁ'er 1%5&39 fl %ﬁt %&%I% gi%mg

an o recer vi ng SEC

exarrpl e Oéecg&’f 160297 8n Yutput SRHENGYmShaPHs Ite}ée&fng%@&tYont 8, ¥R example of

incorporated i n the referenc€ signal 5synchroni Zi ng section. It can
be seen fihordepite oftfeaqaeioyrstatility dfegnly kieet VCIeincefperanta the gefatencs signal
excellent in long-termfrequency stabilit but is devaoid of

short -% ermmh@qtmgcyec@pab. Iti ¢ap. bq se@aﬁome%geféﬁralcremw k@& that the reference

tabi i £ySiEtalyis Sreelea: (b ibng iorn e uobilig i B BFvatd ok SE e
10Then, the ucehgg et%fﬁp st} e%(ﬁaseifﬁlﬂbﬁ?the%héraae@ﬁ% fhefkVEd i9dewdid of

cl ock S|gna put trom the reference signa ync roni zi ng section

102 of t hpnpawmgatdqensi @atility hiansercellait if sidt-inge fisjuncy srabliling t 0
the present invention. According to the characteristic (c), the clock
si gnal |sﬂwéhbarable with the reference signal (i.e. the PHS radio

\gAﬁVS)We\r/]e: w1 nhmche ppeciclisft e Ao e ter?%?s&%ﬁt% ek fignlplibu
: .
PR e e E s R O %?H i

second eniadiofRid) aetortiih@ toHRSBient MveRidrON ARoflifighRttHE haracteristic (¢), the

clock signal is comparable with the reference signal (i.e. the PHS radio wave) in
long-term stability and has short-term frequency stability on a level with VOC. Thus,

15 it can be seen that the clock signal demonstrates consistent performance in a wide range
of frequency over long and short terms.

[0042]
Embodiment 2
Fig. 5A illustrates, as a second embodiment of the present invention, a structure

20  of the reference signal synchronizing section for making time synchronization in the
navigation signal transmitter. A reference signal synchronizing unit 500 comprises a
phase comparing section 501, a loop filter 502, a VCO (Voltage Controlled Oscillator)
503 and a frequency divider 504.

[0043]

25 In the phase comparing section 501, a phase difference is measured by using a
signal output from the PHS receiving section as a reference signal of the reference
signal synchronizing unit to perform a phase comparison with a signal generated by the
frequency divider 504 in a PLL section. The measured phase difference is subjected to
smoothing in the loop filter 502, converted to a direct current voltage through D/C

30 conversion with an appropriate gain setting, and input to VOC 503. This direct current
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20 of the reference signal synchronizing section for making tine
*synchroni zation in the navigation signal transmtter. A reference
signal synchronizing unit 500 conprises:-a phase conparing section
501, a loop filter 502, a VCO (Voltage Controlled Gscillator) 503 and
a frequency divider 504. [0043] 25In the phase conparing section 501,

a phase difference is.nmeasured usj a signal output fromthe PHS
ebovi ngBES O ATapSNIOTAL b inpaite; Ry Beeth aft rdeatd Al gucicy
synchroni #{, Ltt iy« i i L eting
gencr at ed e s S AL V(503 RIAIOEHIRL {QFRbE Lbndort L ucting it
phase di fdwei RB@RnEY acobfing tethetvoltag@ot hing in the loop filter 502,
converted to a direct current voltage through D) C 30 conversion with
an approdf4dtle gain setting, and input to VOC 503. This direct
current voItagIe s pr g{ﬁrti onal to the pha?e difference hetween the

reference and fRGHeRRPOYMENGEe JreirIce Sighsl SpRehropizingoseclign PURYEp n

phase dif C j I I r rding. to
A R e T R R N e
synchr oni ﬁ%ﬂ%ﬂpﬁl@@hhﬂﬂg QUSUNY Sycld f APRkddrAMmbPiplehdr 1 flsqwhidh ®hPSK 10ms
fundanental oscillation, a tinme synchronization timng signal pul se
havi ng a ifihserdPdlms ef amexanmile gndis difftrenfpfrenafreferense Gighalghulseam Rig 7)
10nms 100ms or 1000ns as, an exanple and is different froma reference
si gnal puPsBdemtorsapirol the Hming e PRYY cadr (this tine synchirerjzasfonpiigaingosignal

702 08 7ok ke pAnAGL LB 1o i BLFE o B BB P O he i i ng

control of PEN Godeisie idflhS il ortPol HrPR® colid & il8ted $ pz%?ra.esﬁg/_e
of a spreading code C of Inms cycle which is generated in the MES

si gnal geifa) & expgessive taf amnspasadirigocodbi(C bf dmb icpade swhidthisgeherataddn the IMES
signal T is synchronized, Fig. 6( Bﬁ_ is an enlarged view of an )

i nterval sEnafzen¢rafmg) sc@ion) and jo which a time synchronization timing signal T is

synchronized. Fig. 6(B) is an enlarged view of an interval T1-T2 in Fig. 6(A), in

15  which the clock timing is synchronized with the PHS radio wave by broadcasting the
spreading code C' having a bit (chip) number of 1023 bits (1023 chips) while
controlling a leading end thereof (at the timing when Code 1 and Chip 1 are coincide
with each other) to be in synchronization with a pulse of the time synchronization
timing signal T".

20 [0045]

Embodiment 3

Fig. 7 illustrates, as a third embodiment of the present invention, a structure for
which a radio wave of a mobile phone such as GSM and LTE is employed as some kind
of signal of an external system. A navigation system signal transmitter 700 comprises

25 a GSM or an LTE receiving section (designated generically as a receiving section 701)
for receiving a GSM signal or an LTE signal, a reference signal synchronizing section
702, an IMES signal generating section 703 and a transmission antenna 704. That is,
in this embodiment, the GSM or the LTE receiving section 701 is employed in place of
the PHS receiving section 101 to input pulses of 10ms, 100ms or 1000ms as a reference

30 signal to the reference signal synchronizing section 702. It is only necessary in a
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15 which the clock timng is synchronized with the PHS radi o wave by
broadcasting the spreading code C having a bit (chip) nunmber of 1023
bits (1023 chips) while controlling a lI'eading end thereof (at the
timng when Code 1 and Chip | are coincide with each other) to be in
synchroni zation with a pulse of the tinme synchronization timng
signal T . 20]0045] . Enbodi nent, 3 Fig. 7 jllustrates, as third
enbodi rren‘tﬂoé‘f‘il"f?'r‘l@l of the esfereneg, dignal snochgonizing seghion 75? o Gpangp the yales tp be
wave of a_nobi e [ '

of 51 gnat “OrPa eIRIRE e FBuEERb ARG A 5By Bllel o A Hle
transm t t ¢y iof Png OMdHsSHS1 008 A iRt Qéqlﬁfhlé—}ff-y k@GR BBar8Cth@than the
(designate€d generically as a receiving section 701) for receiving a
GSM si gnaGSyt oathe ITE scginmlg, seetioreT@r. enides siakesail psssibdd toocomienignide otilizen
702, an I MES signal generating section 703 and a transm ssion antenna

704. Thatradip wayestohes thanddth sachiras GIM ocsilBor the LTE recei ving

tion 701 i l.oyed. i.n pl t he PHS i Vi i t
SRR 1y e AR R A ERTELI  hReA
ref erence,gi &g?a%e% ﬂgég AOFRD 15 Gl iR %f ddmrhSni®itloh RESASERY. | Pod

nodi ficatlon nce st gnal synchronizing section 702 to
change t hexav@l¢leonlpa bfereaeasised ofil 00ms heavailaiie forof PHSIaad 9 refendice dighyl
a frequency counter (not shown in Fig. 7) to 10ns, 100ns or 1000ns

wi t hout relgifioed fegad&MIMée ruct ural change other than the GSMor the LTE
receiv'nagﬁggfion 701. This makes it possible to conveniently utilize
5 radh ot her than PHS such as GSM or LTE At this point,
t he cycl eﬁm%d%&%t&eference signal pulse (10ns, 100ns, 1000rns) are
separately used according to environnent of comunication

i nfrastruct ure. AFarfoexXiabmbedinat ¥f thel BERNE Rentdng Aadon@herdA0pdweSsupply
available for a PHS and a reference signal of 10nms for a CDVA

10[ 0046] Erpbdiemphtyed as some ksl of signat o hareersemiaheystennf Intais gmbodiment, a

invention, a compercial power supply nay be enpl oyed as so ki nd. of
si gnal of CW&S@EERP&YGTSWP%GCFW PSR oF ¥‘?‘yéP é’gz}‘r‘ﬁe? Fg TsEMETe

oot o PP s e Bl R Tomsy JRORR of SNt AR e

t he power pdwacfiauecy P56 il NaphdipaR) tha Sefeh@ict RiERERE 8hs refdrdhed Qighhe
reference signal synchronizing section 702. In the case of comerci al

power supginghronimng sartiopGA2r Buthplogsd ef cuemeicrl poweb suppdy, ibg sdéme power
exanple. Thus,  IMES transpitters in the sane building w]l havtehthe

same rel atiPPY 15 Bdelcipceieling: PRexenRE- of Ny dMEn dEntpEtespn the same
P <0 1O R G0 Bk 55 B S A
as PHE GRMRRd. L TRie@hekeett R8GNRLI®  the IMES transmitters to be in frequency
synchronization even in a place where the radio waves such as PHS, GSM and LTE are
not reachable.
[0047]
Embodiment 5
25 As a fifth embodiment of the present invention, Fig. 5B illustrates a structure of
a reference signal synchronizing scction for making time synchronization in the
navigation signal transmitter. The reference signal synchronizing section 550
comprises a counter circuit 551, a holding circuit 552, a comparator 553, a low-pass
control filter 554, a D/A converter 555, a voltage controlled oscillator 556 and a

30 frequency dividing circuit 557.
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[0047] Enmbodi nent 5 25As a fifth enbodi nent of the present invention,
-Fig. 5B illustrates a structure of a reference signal synchronizing
section for nmaking tinme synchroni zation in the navigation signal
transmtter. The reference signal synchronizing section 550 conprises
a counter circuit 551, a holding circuit 552, a conparator 553, a
Iom#passéﬁ8wgrol filter 554, a D/ A converter 555, a voltage
controll il 1ator 556 and a 30frequency dividing circuit 557.

[ 0048] €kz D I

(typi cal ly of ToRETHRrarenrtwas o SulBfe BYCRRL B RRSHA,OF T oMH)
osci | | at OfarksM§ fr&RGhaRdIthgerRsiitiolied iR @gaumcﬁogv@t@)ass@ ahd) €rahigthitN e
circuit 552 every 100nms at which a reference pulse is 5 provided
Furt her, dometedowhtectd thel hrdding mmaﬁrﬁédewy HO6ms et evlecice refdrereefmlse is
conparison in the _conparator 553 (t p| cally 1,000,000 tinmes), and as
a first foPY@?‘it[ ng ,Fuvsh@fn tﬁﬁecce@m yalug a}su@m@?arteﬁewv&xe) Islorens efékwea?qs

beyond 10‘V fr fer 0 | r
Conttier arinarisdh by fie' CrpRRSS Dol pPp DETRRES. Al Lt ey
relati 0”5\91'16?1 A8 cBulted %lhe of tHeheckd pﬁl@é%ia‘%@ﬂey%@ﬂtzﬂ [U%S‘rd?n il Rferbrite
either of a larger side (+ direction) or a smaller sid

di recti onjalue itds lgpuedd asfan'votlica gautliardinghatios).cont r ol | abI y changed by
one. That is, when the neasurenent in + direction continues n tines,
the control volkhegeas aesondstiliRsinge NEKP egmpgie relamyns‘hm As paspdcef thﬁ
a cur,rent | evel i,re n cont j,nue

£ o0 oA PR G PER oS pLFRY of AaPerbfite 67 BYSTnS Prd FRalifhiide
15r espect of s t f

control deu:e@ %%2 P{evlg?él dfe%% %ét}%%d;é \)?R%Hgglyc%ﬁ? én%eryglrt trlrsavg%ﬁjat
a resol utth@rmeefsuﬂe&&nblihs+ dlrectlon Eoritinnes ,n aimsesnahe OcmeraI Ivoltagd Meved is

signal pulse is output fromthe frequency dividing circuit 557.
[ 0049] decremented by one (-1) with respect to a current level, and when the measurement in -
direction continues n times, the control voltage level is incremented by one (+1) with

15  respect to a current level. At this point, the amount of voltage control for one level is
2.5(V)4096(V) when control is performed at a resolution of 120 bits.

Further, a synchronization timing signal pulse is output from the frequency
dividing circuit 557.
[0049]

20 In Fig. 5B, RIN denotes a reset input, CLIN denotes a clock input, CNTOUT
denotes a counted value output, CNTIN denotes a counted value input and STIN
denotes a set timing input.

[0050]
In this way, the comparator 553 and the low-pass control filter 554 have a

25  structure for which a so-called random walk filter is applied in Fig. 5B. Altematively,
the present invention is characterized by adjustment of said n (filter time constant},
where a larger n value results in a prolonged period of time until convergence, but trials
have demonstrated that when using a PHS signal as the reference signal pulse, excellent
results are obtained by setting the n to around 10. Further, it is desirable to set the n to

30 around 2 whenusing a CDMA signal as the reference signal pulse.
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-20ln Fig. 5B,  RIN denotes a reset input, CLIN denotes a clock input,
CNTOQUT denotes a counted val ue output, CNTIN denotes a counted val ue
i nput and STIN denotes a set timng input. [0050] In this way, the
conpar at or 553 and the | ow pass control filter 554 have a 25
structure for which a so-called randomwal k filter is applied in Fig.
5B. Alternatively, the present invention is characterized by

adj ust menk0081] said n (filter tinme constant), where a larger n val ue

results in a pr nged period of -time until  caonvergen but. .t rd
have deronst ot St ARk the Rt Bl Ryl KEF A P adibis B0,
signal pu} %gﬁaﬁeﬁggéraﬁaﬁsg@awi& SortfuBte@t 2k NE IS B¥ceSRE bedd8d iR 90, and

around 10 desirable to set the nto 30 around 2 when
usi ng a GCHida pet 9nlakc@anls thenmdf er ence signal pul se.  [0051] At
this point, since the reference signal pulse is generated on a cycle
of 100Gws, [05%bl t age control adjustnment is conducted at a rate of once
per second when_n is, 10,, and once 0. 2 .seconds en n is 2 50052
General |y, whenCEREHY: aVBitks WIgnal Bﬁ@ figaal; 8y etF‘%nr@ ergchnélgn%lupgg?, ?}f’#e
navi gati o ' | s it ' i Vi j i

Fr equency i rRO R B EREEUET WM 2oneSRRREY BE Gt e B A e
af ter i nsteidrk@del sirhal pels€af aidoyvey &F 30 imitéieafRy @italRtion Heklf. | Homeaaein
in tenperature of the navigation signal transmtter, for 10 exanple,
due t o anthecevent efiebrupf ifdrease inHempsratire opdhaimpvigatidn sigoalt ransmiiten dor
may not be pr nnfing. I n such tg ca;e, t he synchr.oni zatiqon with tq%
ref er€hce® GI9US P 81 OFTIIFenER A ﬁ@yt esexpgiqperatigngf the fransputiprmay nof
to quickly.ret. the.t{m r.oni i : :
erer'genci BoTtn o ulthhP b 16 s Gt oy EE A Aees bidndlhi in
case of afbddeBey iid 1088 YsoPBaPASIS IRL&shY toNGlielly rérp @lﬂhafiﬂﬁﬁg bRTReI ka6 s,
sensor. However, 15 since this installation requires additional
circuits Ancbrdingivate detbst, emdrgersiesl Sioh @e sigi dbingpt tincreamefingamperatirerakah 25
deci sion for energency by detecting.an abnormal counted val ue.

Speci fi catheyasapfenfires fhonay,bernsaiblerto drsialhe peRIrats tammpsrar ey eHowever,

contijwes .a edet er.m. ned nunber .. i - ( a e. 100 0
i mest i TATROS prElRar ol Bl fiont siERi e EE GG & HGbosBit o
30 Secondt?anﬁg\ﬁ%e foomeed graetisRd fhob %ineig%éﬁ%w{ SURRIRIM 8n 2BndEnaRROSEBRNaKiBN
energency such as a fire occurs). [005

Specifically, when + 10% or more of deviation of the VCXO value continues a

predetermined number of times (for example, 100 or 150 times) within a predetermined

period of time (for example, for 20 or 30 seconds), it is determined that the temperature
20  is abnormal (an emergency such as a fire occurs).

[0053]

A detailed flow of this case is illustrated in Fig. 5C. When a timing
synchronization is started in step S501, the process flows to step S502 where a flag for
checking whether any emergency such as an abrupt increase in temperature due to a fire

25  is occurring (hereinafter referred to as an emergency flag) is initialized.
[0054]

Then, the process flows to step S503 where pulses emitted from the VCOX are
counted in the counter. In step S504, a time is measured based on the PHS
fundamental oscillation to determine whether 100ms has lapsed. When 100ms has not

30  yet lapsed (No in step $504), the process returns to step S503, and when 100ms has
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A detailed fl.ow of this case is illustrated in Fig. 5C. Wien a timng
- synchroni zation is started in step S501, the process flows to step
S502 where a flag for checking whet hert any energency such as an
abrupt increase in tenperature due to a fire 25is occurring
(hereinafter referred to as an energency flag) is initialized. [0054]

g@%&;; o Tl B8 roeeRh BowB hEP S3Ph o gk gl B Frbp S AT 1o
g oFhis .
nas | apach s hon "THDe Pac e iy £, T bgee S A kR

process rtﬁéHﬁlegeh@ﬂig?iQ(%Qﬁemﬂ@ﬂéssmbh@ﬂﬂﬁeﬁ%%.' apsed, the process
flows to step S505 to check ether the energency flag is On. In step

S505, whdf0%le enmergency flag is On, the process flows to step S510,
whil e when the energency . flag is Off, the process fl but to step
S506. [ 0055] 5IIR S&P 08 dpscrnutionns misde a4 yﬁﬁ@a%thsgyégom&%m%i
VCXO val uah s Wit fle WO%o YHRE L NGO N9 UE ik Sacbhiidh 1ol 820 bk
eternined to be a nornal variation and a ¢6ntrol voltage ad] ustnen

i s perforygdtiéd and heRn@eloltaghhidfuBtidie s berfEPheae®s step ¥%10), while when it
determnation is nade as to whether the value is an error to be

el i m nat excfalat+ i 163, detemnnaimer gemage (ast pwBED) the malse ep aB567or kd bes
det erm ned 10 whet her t he VCXO val ue exceeds 10% and this continues

a predet siliminged {Qubien oF an;SmEEHCY HistePaSH Bdele siPneel? ithds deterpined

As an.exanpl T etermne ther, it continues O t.ines wthi
% afondtiufer ko VX G SAGE et 18R Bl s SopBhodt EietbmbhgP Rutbdete”
predet er fﬂlﬂ&dwﬁhkﬁt%eﬁre@éteﬁﬁiﬁs‘étﬁﬂetﬁékiﬂd.a RE &f %&ﬁﬁﬁl‘e!‘ﬁ% BAEIRHe @ ivhbiHeRIt
(Yes), the process Tlows to step S509 where it s determ ned that
anbi ent tcoapisteatl0aine vadirit B0 Isgcohds on ¢ @ dgien gvithiroBi decohds. | df &tdoatinues
where the navigation signal transmtter is installed due to an

ener gency? Bigdptegsingd frumber 4 dimefe Withive 2 dypdatermingd periqchahdisre {¥esh the

val UG STl Lt R 8 EAIN s 8 YA B SARTRL BuhiORA, 005
e 5 NG R gty SRR e e
this val ug dnfergins ¢ ancleds Afrepmndihit kin®Y constant n is changed to a value smaller than a
currently set value (for example from n = 10 to n = 2). Then, the emergency flag is
turned On.
In step S507, when the VCXO value exceeding = 10% does not continue a
20  predetermined number of times within a predetermined period of time, this value is
discarded as an outlier.
[0056]
In step S510, when the count of pulses emitted from VCXO is deviated to the
plus (+) direction, it is counted as +1, and when it is deviated to the minus (-) direction,
25 itiscounted as-1. Then the process flows to step S511.
[0057]
In step S511, it is determined whether the value counted in S510 (+ or -)
continues n times, where when it continues n times (Yes), the process flows to step S512,

and when it does not continue n times (No), the process returns to step S502.

30 [0058]
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[ 0056] - In step S510, when the count of pulses emtted from:
VCXO is deviated to the plus (+) direction, it is counted as +1, and
when it is deviated to the minus (-) direction, 25it is counted as
-1. Then the process flows to step S511. [0057] In step S511,
it is determ ned whether the value counted in S510 (+ or -) continues

n tinmes, where when it continues n tinmes (Yes),, the ocess flows to
step S512, and WitaR $11209ben HhstvalisonHess i Hpesa p(l'fad?é dirgetiony thegoutrol

L AT R LRI g, kDR ER S s ot e

conti nues r ection,

adj usted {@nR O Sivstibn) thdi dofrb] MtagBnd a81Rd k08 plad U &RREbAUEPhd, the
times in mnus (-) direction, the control voltage is adjusted to a

plus (+) phocesstretams tdbiep S50he process returns to step S503. 5[ 0059]
In the flowillustrated in Fig. 5C, it is determned in step S507
whet her t H959CXO val ue exceeds 10% and this continues a

A Cernat i vel y, Topediy iERthe Mexer, i § SElegmien b g Seft wdller th,
within a W%@h%&&@dg 1 TBoPAId A8 BHlimak a%ﬂmm&a kiR BPEMme®Fithin

times for XO val ue exceeding 10% curnul atively reaches a

certai n ngnpedetofmihéd Bme t peidal oc Aksmanyely,! avt tanlstwherS5H9 VX0 value
controllably turn the emergency flag On and change the tinme constant
n to a vatwdingeusly excacdad: 16% withineamrgdetremingd)| e pepiod Hiug adsgswheman

h f i f o) | . % | ; | ‘
Ee:c L Db han O it T Es ki SR aeT G SRR e DS  Gefalo
15 th i 0 ; .
R g A e

The flow fifg dptLdrehahgOthehBhdesnstdne n\EXQatad digalRx CiR@cth Gurrd@dp sct value.
continues a predeterm ned nunber of tines within a predetermned tine

peri od hah &lns asvgnwhere RO munbier iaf Gmes det dor VER@gralue faxceadiempl 0%
due to a fire in_a qujte short period of tine. On_the other hand, the
flow of d@fr@.ﬂﬁwﬁhﬁ@eaai%_ Y0P tiones mglﬁe%mwﬁ%@w&wnﬁ%n%@ 4ipgs for
exceefd N0y MK BUIMI ALl YShie £ 3850 Qo Rbbhd14BBG inRl WitlTP By,
a predeterm néd tine period has an advantage that It can detect

damages, {lgrpr@@égmd,@stodg@ ¢sp fire in certain degree of short period

of time while preventing mal functions 25 from occurring.
[0060] '
The flow of determining whether the VCXO value exceeding = 10% continues
a predetermined number of times within a predetermined time period has an advantage
20  that it can detect damages, for example, due to a fire in a quite short period of time.
On the other hand, the flow of determining whether the number of times for the VCXO
value exceeding = 10% cumulatively reaches a certain number of times within a
predetermined time period has an advantage that it can detect damages, for example,
due to a fire in certain degree of short period of time while preventing malfunctions
25  from occurring.
[0061]
While descriptions for the process of turning the emergency flag off are
omitted in the flow illustrated in Flg 5C, various process are conceivable according to

embodiments.  For example, the emergency flag may be turned off after a

30 predetermined time period has passed, it may be turned off manually, and so forth.
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[ 0061] Wil e descriptions for the process of turning the
-energency flag off are omtted in the flowillustrated in Fig. 5C,
vari ous process are conceivabl e according to enbodi nents. For

exanpl e, the energency flag may be turned off after a 30
predeterm ned tine period has passed, it may be turned off manually,
and so fg@@@b [ 0062] Alternatively, it is also possible to
controll ]turn the energency flag off when the VCXO val ue
continuously f bdelti Ny 51O : \ e .0 i it R
a predeterm negillttﬁ?rrlr%ﬁ%yr’ irhé)élé%f{ ® %gg%ﬁ? ﬁge{lot?r%-gg?olg# {chl %sé?%gg%ﬁem\gc@gn

5 val ue fwahdn thg WCKID Ralud Q¥ndoudilsBt falielwithieache% a peedetadintheduindytier aff
times within a predetermned tinme period. [0063] ot goes

Wi t hout staWSn‘qltEW&‘t predetegninked dimpopssiod| ar wlenj thp numbex oftisesrfirethe X0
of timin nghr oni zat i i t hout i npl enenting the engrgenc oy s
et coti oAty rlma paR Foasimlenh Fatos thriah; nagBes b Een B 2
[ 0064] 1rdm§ﬁﬁﬁ%ﬂﬁﬁg ghgye, the navigation signal transmtter of
the pres Nt i hvention focuses attention on signal receiving operation
in the regoegyer which receives high-precision clock-based signals
such as UPS, as well as on the problemw th 15 navigation signals for
use in the terdegeesiwithow seyivg tist fitos alsomossibledgo dwplesrine acanplé cohteol of

receivers, and provi des inexpensive nmeans and net hod for jnpl] epenting
a transnitRBE [ECRIOZaHeR I"élﬁé)“&dm %W%ftﬁ? rORETeY dtection fOglc (steps

req“i166%039%5@9%}6%5%90%%8% LN gome such a problem [0065]

20The U ased on a preci st on clock. Thus, according to a
natural ifdee4jof those skilled in the art, it is likely to be

recogni zed that the high-precision clock is also necessary for
generati on of gkosmtbdbalswd, teyvhagdgaton sipogafrasasttevedl thes pldRat Shggmioa.
However, what is needed in the ground-based navi gation signal )
transni t tfepuses aftontiom com ignal L wleivingy Onpesatipn ey dhereegiver, dthidy receives

relative ﬂciéhe- elifon Rlotk male nsi%gfgl\s,\es%gh eaasCE%PS, as well as on the problem with

15  navigation signals for use in the terrestrial receivers for improving convenience of the
receivers, and provides inexpensive means and method for implementing a transmitter
which fulfils a condition of frequency offset requirement of about 0.02 ppm to
overcome such a problem.

[0065]

20 The GPS is based on a high-precision clock. Thus, according to a natural idea
of those skilled in the art, it is likely to be recognized that the high-precision clock is
also necessary for generation of ground-based navigation signals as well as GPS signals.
However, what is needed in the ground-based navigation signal transmitter is not the
absolute frequency precision but rather relative frequency precision between each

25  transmitter. Thus, it is more important that each transmitter uses a common frequency
standard than that the frequency standard used is of high-precision. On the other hand,
it is desirable that the navigation signal transmitter for practicing the above requirement
requires small number of functions and modules to be newly added. Therefore, the
effect is provided that a structural scale of an entire system including the navigation

30 signal transmitter according to the present invention can be downsized by using a type
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25 transmitter. Thus, it is nore inportant that each transmtter uses
a common frequency standard than that the frequency standard used is
of high-precision. On the other hand, it is desirable that the

navi gation signal transmitter for practicing the above requirenent
requires small nunber of functions and nodules to be new y added.

Therefore, the effect js provided that structural scale aof an .
entire sy&k saucney (Handgrd Her #&/g@éﬂpa%ﬂ@ogwﬁ%ront sighalnfransgpiter. agilapley

to the pr i.n i i y. i . .

1 equency TS0 it Bl 56 RSRATNES nborshs Biliddok e Panemiters,
avai | abl eef,BAROL HlurBRY dThatibafiOy SipAslarAk ARt RACRhe i@ Redvitalan@beinien
navi gation signal transmtters, enabling a plurality of navigation

si gnal treigingt fraquenty saodedj exten if dr dossanchhdvd eimtpramt dringt avagable as a
frequency standard, even if it does not have a nature of being

avai | abl ecogsman Fegeapsistand@duency st andard. [ 0066] It should
be noted Eotaﬁ% all technical elenents, nethods and process steps
descri bed™ ]CI ai ms, Descriptions, Abstract and Draw ngs, when

conbi ned, ser vey 8ot HE tdicl 1k SMEREENION SbmbfikYhRtkhods 23RS pfkedsn@teps
transmtter and the nethod of the present 10 invention, excepting

conbi nat i @gasribedl hColimat Deseiptions, pbstracf aitdnBsewiage melninscanbihet, sstvepss
are nutual ly excl usive. Further, the present inventjon is not
limited terighyal dementsonstraiara gagestaidhe samsmitter andstheimatheshobhe present

enbodj rent s descri bed above. Ln addition, the techpical, scogpe of the
presett i HYEMHIT F\X%eﬁg’@ oTpRImALenS hwhich ?Q rllee\sfg p%‘if’ Eﬂ??eoﬂelﬂslic& 8“?99; HPs
the 15 ab&%%&ﬁﬁgéﬁﬁs% but the scope of Cainms and any permnutations
and nodi fications equivalent to the ains fall within the technical

scope of the pregtt, 1heveBidn® invendbh ANADL Giitdd CORIRSidditidvdl A1 Bkcific
500: Navigation Signal Transmtter 101: PHS Receiving Section 102,
702: Ref edanited Sisgrjptiions gh her enbodimgnis elesérihed above. In addition, the technical

scope of the present invention should be determined in its extension not only by the
15 above description but the scope of Claims and any permutations and modifications

equivalent to the Claims fall within the technical scope of the present invention.

EXPLANATION OF CODES
[0067]
20 100, 500: Navigation Signal Transmitter
101: PHS Receiving Section
102, 702: Reference Signal synchronizing section
103, 703: IMES Signal generating section
104, 704: Transmission Antenna
25  201: Frequency Counting Section
202, 502: Loop Filter
203, 503: VOC (Voltage Controlled Oscillator)
501: Phase Comparing Section
504: Frequency Divider
30  551: Counter
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103, 703: I MES Signal generating section 104, 704: Transm ssion

* Antenna 25 201: Frequency Counting Section 202, 502: Loop Filter
203, 503: VOC (Voltage Controlled Gscillator) 501: Phase Conpari ng
Section 504: Frequency Divider 30551: Counter 552: Holding Grcuit
553: Conpar at or 554: Lowpass Control Filter 555: D/A Converter 5556:

\G/g:\/lt g?i%&;ﬁil% gg th ?ggr 557: Frequency Dividing Grcuit 701:
553: Comparator
554: Low-pass Control Filter
555: D/A Converter
5  556: Voltage Controlled Oscillator
557: Frequency Dividing Circuit
701: GSM or LTE Receiving Section
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CLAI M5 What is clainmed is: 1. A navigation signal transmtter -
conprising: 5a receiving section for: receiving a transm ssion wave
and generating a synchronization pul'se in synchronization with a
predet erm ned data frane; a reference signal synchroni zing
section for generating an internal clock fundanental oscillation by
using a pul se generated in the receiving section as a reference

pul se; 10§HAIHN%S signal generating section for generating an | MES

si gnal ba t. i.nternal clock fundanental oscillation; and

a transm g@ﬁ%%%éaﬁ g(lilll#; t hrough which the I MES signal generated in the
| MES signal generating section is transmtted, wherein the
reference signal synchronizing section conprises a counter circuit,
15a conpat.at or , Aaaligwtigasignal crahsmittef cdrhenisinga D/ A converter, a vol tage
controlled oscillator, and a frequency dividing circuit, )
wher eih the couhtiBFeIdingcACtoR siopEFRBING 8 olreSUHISIAh vavEnde 2snerating @
pul ses generated |.n t voltage controlled oscill at.o ing a signal
i nput f r o EEHAPHRR RY g%srynﬁgr\ggmgtéoréwph]aé)rr%cﬁeg%‘mﬁe&ndéfa, ﬁlgadﬁéc} t he
conparator 1s O:P%ﬁpérﬁzetQgﬂﬂmﬁﬁﬁohﬁﬁlgc@éﬁifoﬁdfdfakéi%_ra%Qg%ﬁ hn@rnal clock
reference val ue, and erein the reference signal

synchr oni gindgmsmel ios¢illitsorc bypf ugng adptise geheratedl imghd trewbéving|satticonahizp
as a result of the conparison in the conparator falls within a

pr edet er nielergneggiuleg; and conti nues a predeterm ned nunber of tines in

\C/) QFt g&eggin? pE)' g@@%gg@%ﬁg@%tsec iolne 0% lgeggrat?n%nénr ﬁ\l/IEg Cs){gtnglgbeasgé oh %ae
internal clock fundamental oscillation; and
a transmission antenna through which the IMES signal generated in the IMES
signal generating section is transmitted,
wherein the reference signal synchronizing section comprises a counter circuit,
15  a comparator, a low-pass control filter, a D/A converter, a voltage controlled oscillator,
and a frequency dividing circuit,
wherein the counter circuit is operable to count the number of clock pulses
generated in the voltage controlled oscillator, using a signal input from the transmission
wave as a reference signal, and the comparator is operable to compare the counted value
20  with a reference value, and
wherein the reference signal synchronizing section is configured to, when a
magnitude relationship as a result of the comparison in the comparator falls within a

predetermined value and continues a predetermined number of times in one direction,

controllably adjust a level of control voltage of the voltage controlled oscillator.

25
2. The navigation signal transmitter as defined in claim 1, wherein when the
magnitude rélationship as a result of the comparison in the comparator exceeds the
predetermined value, the counted value is controllably discarded.

30
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2. The navigation signal transmitter as defined in claiml1, wherein
+when the magnitude relationship as a result of the conparison in the
conpar at or exceeds the predeterm ned val ue, the counted value is
control |l ably discarded. 30 3. The navigation signal transmtter as
defined in claim2, wherein when the magnitude rel ationship as a
result of,the npari.son in the co rator _exceeds the predeterm ned
val Ue andthe VAFURMASAOTIERR! HESHIR] s s Ined diy AP 2 SR Lhey the
predet er m : g it b rmi i j
Vel o o R BB o e Oy th S PP A RS D e g e
si gnal t rixedentrindifsd esludedndng@ valu@ryc@dmgotheChRie®riined \Aluewb@ftRues a
the transm ssion wave is a PHS radio wave in 1.9 GHz band transmtted
from a PHSedesgraninadanunober afttenerawahibr sapredetermainpiSmeaperiods arvaluezascr titme
synchroni zi ng pul se i 0 puJ se having a cycle of 100ns. 5. The
navi gat i diPm éFmﬁﬁaﬁgﬁﬂﬁFgngs defined in any one of claims 1 to 3,
wherein the transm ssion wave is an FM broadcast wave. 156. The
navi gation signal transmitter as defined in any one of clains 1 to 3
when the 4.r ansnipgshHfgRnCsikSal drdRinitest 4 aéfféddint aly BhoadcasinsWavs. 3,
7. A method of transmtting a navigation signal conprising the steps
of recei wingeibythe trapemissiongvaeds b A Saradicawsve ®s1.8 1GHmbedamahsmitted from
generating_a 20synchroni zation pul se in synchronization with a .
pr edet er i P8 bass siatiom, the: data frame i BH dategrasye: and dheepapbranigingpilse is a
syncg onizh&gwsecthpgegqliB%ﬁrnal cl ock fundanental oscillation by
using a dﬂﬂs 5@ﬁ§r£%£d’i9 e receiving section as a reference
pul se; generating by an I MES signal generating section an
| MES signal based on the
5. The navigation signal transmitter as defined in any one of claims 1 to 3,

wherein the transmission wave is an FM broadcast wave.

15 6. The navigation signal transmitter as defined in any one of claims 1 to 3 when

the transmission wave is a terrestrial digital broadcast wave.

7. A method of transmitting a navigation signal comprising the steps of:
receiving by a receiving section a transmission wave and generating a
20  synchronization pulse in synchronization with a predetermined data frame;
generating by a reference signal synchronizing section an internal clock
fundamental oscillation by using a pulse generated in the receiving section as a
reference pulse;
generating by an IMES signal generating section an IMES signal based on the
25  internal clock fundamental oscillation; and
transmitting by a transmission antenna the IMES signal generated in the IMES
signal generating section;
wherein the reference signal synchronizing section comprises a counter circuit,
a comparator, a low-pass control filter, a D/A converter, a voltage controlled oscillator,

30 and a frequency dividing circuit, and

25



25i nternal ¢l ock fundamental oscillation; and transmtting by a
transm ssion antenna the | MES signal generated in the I MES signal
genérating section; wherein the reference signal
synchroni zi ng section conprises a counter circuit, a conparator, a

| ow pass control filter, a DJA converter, a voltage controlled
oscillator, 30and a, frequency_dividing circuit, an wherein
the step of genBheieinthesstepndl grasrating @R f‘lﬁ%ﬁwﬁﬁ’ﬁgl fugdapental PB‘Hﬁatmn
i ncl udes:. N C r..cl ' .
gener at e HEP &S, Y G SRUBLFE cuSls bk by, OL'BBEE oo pORKy B (T B
from the %dlﬁgé NoaBbAEH WeMBates RideSh & BRAE SRt IfGth, the NehrkABsRAEVAES
is operable to conpare the counted value with a 5 reference val ue,
and when aferagei digred arell ik iconphiaporais operabkutot comfpatd thecammptedi wdre with a
the conparator falls within a predeterm ned val ue and continues a

pr edetder nicfrsenaguaiie apd Whepa ndgnitudrorelationship gp 2 reauftqfdhe gomparison in the

adjusting a level .of control .wvolta f the valtage contraolled

osci 11 at csomasAigr s v BredtBmiRf aBhe wnd iima9f it ing Bnmpprof
magni tudeghel af bANIRLRIAS c%ﬁfo?lﬁyﬂyta stinB% ROAPG dorfd] VBltddReor the voltage
conpar at or exceeds the predetermned value, the counted value is
control | afdngrotled 6evilikger. 9. The net hod as defined in claim8, wherein
when the magnitude relationship as 15 a result of the conparison in

t he conparator exceeds the predeterm ned val ue and the val ue

exceedj ng,t he edet erm ned.val .ue. continues a .predeterm ned nunber of
sttt Chi - o ProdEtaR o AL e 8y orterein R ok e B R
I's cont r% lr@sﬁ’llltyof: 'ﬂ‘?enng&ﬂparison in the comparator exceeds the predetermined value, the

counted value is controllably discarded.

9. The method as defined in claim 8, wherein when the magnitude relationship as
15  a result of the comparison in the comparator exceeds the predetermined value and the
value exceeding the predetermined value continues a predetermined number of times

within a predetermined time period, a value as a time constant is controllably changed.
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