17 DESCRIPTION Title of Invention: SATELLITE Tl ME DI STRI BUTI ON SYSTEM

Technical Field [0001] The present invention relates to a
technol ogy for distributing tinme information using a geostationary
satellite. Background Art [0002] lLately the inportance of a time

aut hentication service is increasing because of the spread of the
Internet and the digitization of information. The time authentication
service is called a "tinme busi neggs5CrRaprdIos used as a tine stanp to
prove the accuracy and reliability (effectiveness) of tinme when

el ect roni ¢idataof sIcveatisoh :aSATELBITE aDTME t DISTRIBYE ION SHETEMt. In a
system whi ch i ssues such a time stanp, a clock of the systemitself
must record an accurate tinme (that is, time synchronizing with the
standard tinme) in order to ensure the reliability of the tine stanp.
A clock bdechnigad Bigtdndard conputer system however, is not very
reliable, and it is inevitable that tine starts to shift during use
over a peﬂpgaléf time. Therefore it is necessary to obtain accurate

d highl ljable time inf ti t | .t
di'stribut on s&Pi RES=Sih SEERERE™ FRA=FTal ThracE TRE 1R erREl ol ock)

reQU|ar|ydg%%%9buting time information using a geostationary

satellite.

Background Art
[0002]

Lately the importance of a time authentication service
is increasing because of the spread of the Internet and the
digitization of information. The time authentication
service is called a “time business”, and is used as a time
stamp to prove the accuracy and reliability (effectiveness)
of time when electronic data is c¢reated and the transaction
time on the net. In a system which issues such a time
stamp, a clock of the system itself must record an accurate
time (that is, time synchronizing with the standard time)
in ordexr to ensure the reliability of the time stamp. A
clock built into a standard computer system, however, is
not very reliable, and it is inevitable that time starts to
shift during use over a period of time. Therefore it is
necessary to obtain accurate and highly reliable time
information from an external time distribution service, and

set the time (calibrate the internal clock) regularly based



2"on this information. Recently it is common that various apparatuses
used in conpani es and homes are networked and nmutual |y operated by
digital controls, and to inplenent such synchronous control, accurate
time setting of each apparatus is deskred. [0003] For the tine
distribution service, a standard wave (long wave JJY) distribution
servi.ce, and a service using such a bi-directional network as an NTP
( Net wor k BnmehPsof nfotpatsornv.er Reaeatbeent usedcomfnaretthad obhrsetsi ng
time using a GPS satellite signal is also known. However a probl em of
usi ng t he appeedusts ussed o stawdaidswane heneheny opayatrked detlay of
radi o waves, which is generated according to the distance fromthe
transm tt MHGUSLAYi eperated iy chgdtel genhEobs GE% drelimPlemsignal |
the radio wave could fluctuate due to the distance fromthe

satel | it eS\feSYBCHERME? Gt iHe PPREFaFR tHee saddiog g RFPRserver
as well, a pro ation,delay.is generated in the network, and the

del ay tingfgﬁﬁgﬁaﬁtéi %%%%?%%rably depending on the network |oad. A
met hod of %bhgﬁnating error and fluctuation by averaging the tine
infornati&n i'S"avai |l able, but the accuracy to be obtained is |limted.

Furth , ti ty oL, he s f i t th
urthermore, ti-ge SgLt{Ng GANIQLHAE;BET LOFIPL | %[%E%&f]a%' QQEgTﬁere €

sane tine, since FhIS I's a client/server system . .
once were (M¥ngeaeiYesgy Angh i demth 8a05del scahi &l Usedthe cbi 1Big4gnal

of NHK during anal og broadcasting for
such a bi-directional network as an NTP (Network Time
Protocol) server have been used. A method of setting time
using a GPS satellite signal is also known. However a
problem of using the method of using a standard wave is the
propagation delay of radio waves, which is generated
according to the distance from the transmitting statiom.
In the case of using a GPS satellite signal, the radio wave
could fluctuate due to the distance from the satellite, due
to weather and the like. 1In the case of an NTP server as
well, a propagation delay is generated in the network, and
the delay time fluctuates considerably depending on the
network locad. A method of eliminating error and
fluctuation by .averaging the time.information is available,
but the accuracy to be obtained is limited. Furthermore,
time setting cannot be performed for many clients at the
same time, since this is a client/server system.
[0004]

There once were TV recelvers and video recorders which

use the time signal of NHK during analog broadcasting for



the time setting of the internal clock. However as anal og
broadcasting shifts to terrestrial digital broadcasting, a broadcast
signal could no |onger be used to synchronize tine. Theoretically, in
terrestrial digital broadcasting, infarmation cannot be distributed
in real-tinme, and about a one to several second delay is inevitable
due to a delay by transm ssion/relay |lines, delay by encoding at the
transm ssite side aattitiegosti nheatinthenatcepddlon IHodevedehbayahylag

mul ti pl exi ng apparatus, and the like. According to the standards of
terrestri drodidgasalindr sattestindgerbectdiabt digl tonpaniagsaatcéngeqali r ed
to transmt tinme information called TOT (Tine Ofset Table)

mul ti pl ex&Fogideasthaigrahdeastd wey dongepwes st qusamehresdzenl y a
degree of accura&g within "a 500 nsec. error range fromJST

(Japanese "f&ndafeIFr B Chhiehr timierserhpin! tdl el ttlakdardcreténger .
Furt her, Lh% error disg&rsei)de endLBﬁBon t he broadcastin% conpany,
per f or manc@IOFTIERACR eCRIRNRYT Paid SETARRDEY bt ¥R s Mery frdafPeuh

di stance Q{OﬂETok o%r ﬁfsg.cqgs uence, .it_is 'fﬂjcult to,use TOT
for time iSAforiatTon" for’ W 5 P21 FRBTTTENNS SY%edhi PelSiEBORS 1
In PTL 1, sem: Whi I st.ri hut i i At | i.ng a

geost at i oﬁgﬁégzlggg}%%gg%% }lodpe%éegglékg§¥d%§£%4 %lr%slézlf?st em a
control statin@mi ] HeBI0 G L j a~satalli d
receives at%trae?’ur Tﬁgg&z %in(gel aatrﬁ%r eof , E\%ﬁq‘eggb?/ﬁgr%a%étﬁ&gnagaglﬁémafg%%p
transm ssimgn at el BepleLeRy | Oibdrati@asHh@dehantd tde dRlaydihgetrbs
transmtted to 4 each receiving apparatus as a tine correction

coef fi ci enthesisgnablardhedf esetrgsaaaiali aggapparvtasdeadiagt s t he cl ock
based on the tinme.correction coefficient signal and the systemtim ng
si gnal redepladoasting conmpdreldocale seahioed Theypropdagattior tine from
the satellite to the receiving apparatus nay differ depending on the
posi ti on dihfopaatéeni orhted il dtfidee BGEsehi Balpkoblmmhtivlestdeditin
this system by storing the distance correction coefficient for each
recei vi ng AFpRraRdsasWYIvehi s HaieNsd, TREWeNRFanteRs dindtafcdegree

correction coefficient, nust be set for each receiving apparatus, and
ot of 6551 ol SCEREREY o Bl e 00 RPSST rraT it AReBet my
operation, and.the QPEIE&@%&%' rsgelwfhel s.eomplicated. ([This 5885%81

beconmes nore~serious as € nunper "Of° recel vi ng apparatus

| ncreases,,d yeQul d fﬁ@@ﬂg%ﬁ; i S@%%g?pﬁﬁgﬁ?gé scgﬁﬂéﬁaiﬁﬁsgﬁnhhe

Anot her probl emof ‘this net accurate tirne

i nformati rearaetiRg EbdddiPUtiRe fo@maAck NSef it L AURRE, @ha a
recei ving apparatusesS (receiving apparatuses in which the distance

correcti ommeehf bg€i ealays MOfpiseiliy & taktofcd i StorPalio)li t Bakure
[ 0008] consequence, it is difficult to use TOT for time

information for which high reliability is required.

[0005]

In PTL 1, a system which distributes time information
using a geostationary satellite is proposed. According to
this system, a control station transmits & system timing
signal to a satellite and receives a returned signal

thereof, whereby a path delay from the transmission to the

reception is measured, and the delay time is transmitted to
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Techni cal Probl em [ 0007] Wth the foregoing in view, it is an

opj ect of the present invention to provide a technol ogy for

distributing accurate and highly relidble time information via a

geostationary satellite. It is another object of the present

I nvention to provide a convenient and highly flexible tine

di st ri but kashsystenihg cdprsamtsisnalsi by tinst abtadd iromrdeseEt ti agt

operations of a receiving apparatus. Solution to Problem [0008]
signal. Then each receiving apparatus corrects the clock
based on the time.correction coefficient signal and the
system timing signal reception time in the local station.
The propagation time from the satellite to the receiving
apparatus may differ depending on the position of the
receiving apparatus, but this problem is solved in this
system by storing the distance correction coefficient for
each receiving apparatus. With this method, however, the
distance correction coefficient must be set for each
recelving apparatus, and professional skill is required for
this installation and setting operation, and the operation
itself is complicated. This problem becomes more serious
as the number of receiving apparatuses increases, and could
inhibit the widespread use of the system. Another problem
of this method is that highly accurate time information
cannot be distributed to an indefinite number of receiving

apparatuses (receiving apparatuses in which the distance

correction coefficient is not set)}).

Citation List
Patent Literature
[0006]

PTL1: Japanese Patent Application Laid-Open No. 2004-

7418

Summary of Invention



To achi eve the above object,, a Satellite tine distribution system
according to the present invention adopts the foll ow ng
configuration. That is, the present invention is a satellite tine

di stribution systemfor distributing t5inme information to receiving
apparatuses via a geostationary satellite, including: a reference

cl ock which generates tine to be a reference; transmtting neans for
gener at i ngechaechbf promiémn by adding an IDto a tinme obtained from
the reference clock, encrypting the time information and transmtting
the encrydt0@d@79i mre i nformation via the geostationary satellite;
receiving neans for receiving the tine information returned fromthe
geost ati onary ¥atbkl Fheeforkdcing dirc viawi ngt nbansn fay] etasalt ithg a
reception time of the tinme information based on 6 a tine of the

ref er ence PEESERE aRUSTBE QR Nt NiAKPVEO§ Bf Epcheel gy vikeh dirtribpsing
included in the tine informati gn and the neasured reception tine as
del ay ti n@cCHRataefay RIoRLY mSriditicod irahR AP ¥R} P eSS & or
generating delay.tine information adding,,to the del ime, a
Same | D ad PREAFEPPREY LT T te Chomd i APGEREE | T eSnd Tt raifom t (i ng
the delay i Lnf i 0 receivi [ at uses. 009]
Accor di ng ptgggt%qu'tsgggn I %g%?a‘é? d%l%g%‘tlldﬁee%r 585??@8&%? oérﬁ%e(blcﬁt{n]% when t he
ref erence (l.ogk) geperat 8¢ 1%, L% s&%‘t!%?n W?g&]qté%? 4 means
receives the information via the satellite elay tinme) can be
neasur ed agebaletyon TASd ded@yirdd MHpamasvhedohes erdiciwdgs all the
factors related to path del ays, such as tinme required for such signal
processi ngrparkPuaddi tion and encryption, tine required for
“transmitting signals in the system propagation tinme fromthe
transmtting neans to the satellite, time required for relaying in
the satellite, and propagation tinme fromthe satellite to the

recei vi ng SedadonAteoPdblemo this configuration, even if the
reference tinme source, which generates a tine to be a reference, and
the transi%@®dg means are geographically distant and a terrestria
line is used, the deég¥ tinme, includin% the fluctuation in the |ine,

can be neasured®i ASREgYe( FhR 2R @PIect, aTRateibIEe MNP i f each of

the recel vi,ng,appas at uses. AN, LESEING 98! Aot LUB LN oL BLian,

i medi at el afcar -thé SY g P
adopts the following configuration. That is, the present
invention is a satellite time distribution system for
distributing time information to receiving apparatuses via
a geostationary satellite, including: a reference clock
which generates time to be a reference; transmitting means
for generating time information by adding an ID to a time
obtained from the reference clock, encrypting the time
information and transmitting the encrypted time information
via the geostationary satellite; receiving means for
receiving the time information returned from the

geostationary satellite; delay calculating means fox

measuring a reception time of the time information based on



7°time information and add the delay tine to the tine included in the
time information, then an accurate reception time (that is, reception
time in the tine systemof the reference clock) can be cal cul ated,
considering all the above nentioned va&rious path delays. If a
difference is detected between the reception tine cal cul ated here and
a reception tinme neasured by the tinme systemof the . internal clock
of the receibimegodppheateSerding: idlfcetknabnadl dekenthiirey reeHdiffietgnce
apparatus can be adjusted so as to cancel the difference to zero. As
a result, beitweepf thhetiveeindhifeappar dhestime befestatdtorhiagkl the
precision. [0011] Here if the difference between the distance
fromthe dWESUrederesePhien siidtemsas@leetdngt azed dalay ttaesatel lite
to a receiving apparatus is extrenely snall, the delay tine

di f f er encfCARabd OR e hAR Y Hsl tch @es@e LoRoURNRF 2 NG Kie @i tdrence
bet ween t hese di stance val yues increases, .the difference of the dela
time val ué‘élfgéﬂ"aiéof’o}ﬁﬁe?d %grﬁ?rg e gV nFEm 13 ST & e 6 ?:Pgﬁr o%
t he accur .0f -t time.setting.. 0121 . Therefore . it. is

ot of or abl &1 RAEHHESS SerFE 6B i bRk B0 BT Sy B We £
corr ect | Oud A OLHRE! PRELEANEE G HIPARRE End F GARILLIAG, Vi a the
geostationary-safellite, correction infornmatio rcorrecting a

del ay ti mgodigfisfier ence generated by a difference in geographical
position between the receiving apparatuses. The difference S

According to this configuration, time required from a
point when the reference clock generated time to a point
when the receiving means receives the information via the
satellite (delay time) can be measured accurately. The
delay time measured here includes all the factors related
to path delays, such as time required for such signal
processing as ID addition and encryption, time required for
transmitting signals in the system, propagation time from
the transmitting means to the satellite, time required for
relaying in the satellite, and propagation time from the
satellite to the receiving means. According to this
configuration, even if the reference time source, which
generates a time to be a reference, and the transmitting
means are geographically distant and a terrestxial line is
used, the delay time, including the flucfuation in the line,
can be measured in real-time.

[0010]
Therefore only if each of the receiving apparatuses

can receive delay time information immediately after the



i n geographical position may incl.ude not only a difference in

t wo- di nensi onal (plane) position, but also a difference in

t hree-di nensional (altitude) position. [0013] According to this
configuration, the receiving apparatug can correct the delay tinme
difference due to the difference in geographical position using the
received correction information, and can set tinme nore accurately.
Furt her, adeerdnfigriatide sresert thavent kont ihd e aheeGlimen
information is distributed fromthe system side, hence this

i nf or mat i dmaledddnoh biee setme rinfloemaédenyi higemppareatausaite advance. As
a consequence, the installation and setting operation of the

recei vi ng tesdtavostenn beat i frieegptionldime in fhe jtdmgr systabl e
that the correction information transmtting nmeans obtains the
correcti oRf Fh6r FBEPBANEDICKAIN SR Re FateridirRfappacdresasy ailf or
each area where each of,the receiving apparatuses is installed, and
transnitsLﬁgba BWFe@??EﬁPW?ﬁ(ﬁ%ﬁ%ﬁqﬁngéanaei?¥%'Ii?ﬁtﬁ Rg fERFERREL i on
to limt receivin ppar at us capabl e.of accessi t he correctign

| nfor mat i O GPCEFEEE BRETEST O OFPEEEION | HTG: AT BrF s PBEC,ERY.

[ 0015] .0t hi | u e, d] st car ion
accordingatgeg%gtéggg?gg f@%ﬁﬂ%%gﬁgﬁb%ﬁ%ft%%%ﬁggggg%3FL§%%pparatus or

each area i@&@r%lpeﬁseﬁr@ﬂ,t@dre%%ﬁg&agyagﬁa}é%,seéﬁé &%tgéﬂﬁge

further inproved. In the case of t present i1nvention, t

correcti onrjigefiobrat h@nNreddi Wit RpabathBgchAf & Bl it das sat kached, is
distributed, therefore individual control for each receiving
appar at us caihciedr tRachiafe@fence ivplzemrent eds whidéeuld, ldikiengft hhe
advant age of broadcasting based on satellite distribution.

receliving apparatus can be set at high precision.

[0011]

Here if the difference between the distance from the
satellite to this system and the distance from the
satellite to a receiving apparatus is extremely small, the
delay time differences can be regarded as the same.
However as the difference between these distance values
increases, the difference of the delay time values can no
longer be ignored, and this difference could drop the
accuracy of the time setting.

[0012]

Therefore it is preferable that the satellite time
distribution system further has corxection information
transmitting means for transmitting, via the geostationary
satellite, correction information for correcting a delay

time difference generated by a difference in geographical

position between the receiving apparatuses. The difference



[ 0016] In order to individually control for each receiving
apparatus as nentioned above, the system nust know the installed

| ocation of each receiving apparatus, but this can be inplenmented by
registering the installation address 8f the receiving apparatus when
a procedure to subscribe to the tine distribution service is
performed, and managi ng the apparatus ID and address (or such

i nformati dm gscgnaphkaatooeyitfiem eaghinetedei ngt apphr & Wi fifarandat a
base inside the system It is for certain preferable to store the
val ues of imhéweodimetsbenahf Grlsae)opototieachbreceisd g ddfferatas in
this data base. [0017] It is preferable that the tine

i nformati é# shgeehdigenraiona kelaglifisvdal i BASAEEoMul tipl exed in a data
comuni cation_area of satellite broadcasting -and then distributed,
and each dP%Fé recei ving apparatuses is a broadcasting receiver

whi ch can receive satelljte broadc stingﬁiand sets the tine of an

internal clock™i§Ph l?ﬂet?iﬁﬁiﬁlﬂg matron&hd the ety e
| nf or mat | %%pa[rggég] <BY Eghs%cgtg f'eg%%?L%!Prﬁ?imQ' {]%%(%%{r?cgqf adtélee L"Ehe

setting can ‘be ripl énen or “an er na

D oo AU EERR L ol Dty BRUEOLERCOLRL, o) S (e

reservati @ 3edti B8 Lhksrkn e Relf ebredefCeh@tRbYe accurately.
Further, according to the present invention, the correction
information is distributed from the system side, hence this
information need not be set in the receiving apparatus in
advance. As a consequence, the installation and setting
operation of the receiving apparatus can be simplified.
[0014] | |

It is preferable that the correction information
transmitting means obtains the correction information for
each of the receiving apparatuses, or for each area where
each of the receiving apparatuses is installed, and
transmits the correction information along with limiting
information to limit receiving apparatuses capable of
accessing the correction information or areas where the
correction information can be used.
[0015]
Due to this, highly accurate distance correction

according to the geographical position of each receiving
apparatus or each area can be performed, and accuracy of

time setting can be further improved. 1In the case of the



[ 0019] The present invention can he seen as a satellite tine
distribution systemthat includes at |east a part of the above
mentioned configuration, or a satellite tinme distribution method that
i ncludes at |least a part of the aboveSnenti oned processing. The
present invention can al so be seen as a program for having a conputer
execute at least a part of the above nentioned processing, or a
conput er - peadablceinesnt domg thediasmrientwhichnfdusatpi@gr oo iwhickcor ded.
Advant ageous Effects of Invention [0020] According to the
present indvenitiog, informat eomnc kitghkchedel Labfibstidmtiad,otetrtednrean
be distributed via a geostationary satellite. Since correction

i nf or mat i dRdiFidpair routee] fFomaasd seseéning rrpasttald &1 derafdch
setting operation of the receiving apparatus is sinple, and a

conveni entr&Rd 1fi RPYEPPRSGH ehdilee ugidirinat Tioh a&Em%earhe
provided. Brief Description of Draw,ngs .11 . . [Fig. 1] A block
G 20r am dBURCEPAG RS ORF P Gt i hF S LESsHE BFFHRRE e e 511 but § on
systen1ac%%b %qg to a first enbodi nent

In order to individually control for each receiving
apparatus as mentioned above, the system must know the
installed location ¢of each receiving apparatus, but this
can be implemented by registering the installation address
of the receiving apparatus when a procedure to subscribe to
the time distribution service is performed, and managing
the apparatus ID and address (or such information as an
area code) for each receiving apparatus in a data base
inside the system. It is for certain preferable to store
the values of the correction information for each receiving
apparatus in this data base.

[0017]

It is preferable that the time information and the
delay time information are multiplexed in a data
communication area of satellite broadecasting and then
distributed, and each of the receiving apparatuses 1is a
broadcasting receiver which can receive satellite
broadcasting, and sets the time of an internal clock using
the time information and the delay time information.

[0018]

By this configuration, highly accurate time setting



[Fig. 2] Aflow chart depicting the processing flow of a tine

di stribution service [Fig. 3] Aflow chart depicting the
processing flow of a tinme audit service [Fig. 4] A block
di agram depi cting a configuration of B0 satellite time distribution
system according to a second enbodi nment [Fig. 5] A block

di agram depicting a configuration of a satellite time distribution
syst em acecandbagitplan¢hied e Mentrbesceiptt af of Hrbkodiarenhs
[ 0022] A satellite time distribution systemaccording to an
enbodi nentregkivhe peegentunawentidee wekbrdew HEV destr,i bed ithedet ai
with reference to the drawin s.ZJOOZS] <Fi rst enbodi nent >
start and end control of program watch reservation,
recording reservation and the like can be performed
accurately.
[0019]

The present invention can be seen as a satellite time
distribution system that includes at least a part of the
above mentioned configuration, or a satellite time
distribution method that includes at least a part of the
above mentioned processing. The present invention can also
be seen as a program for having a computer execute at least

a part of the above mentioned processing, oxr a computer-

readable recording medium in which this program is recorded.

Advantageous Effects of Invention
{0020]

According to the present invention, accurate and
highly reliable time information can be distributed via a
geostationary satellite. Since correction information is
distributed from the system, the installation and setting
operation of the receiving apparatus is simple, and a
convenient and highly flexible time distribution system can

be provided.

Brief Description of Drawings

[0021}



Fig. 1 is a.block diagramdepicting a configyration of the satellite
time distribution system The satellite tinme distribution system 1 of
the present enbodinent is a systemwhich is used as a TA (Tine

Aut hority), which provides a tinme distyibution service and a tine
audit service for a receiving apparatus 2, which is a TSA (Tine
Stanping 12 Authority). [0024] The satellite time distribution
system 1 i s conpigsed] ofa as comiegehACKepief BEENC & BIfACK)at@onhbeh
generates a reference tinme, a tine distribution audit server 11, an
encrypti on setedilitd, tiane |dandapsibat eysid8n acdsmhisng s enfapkenna
14, a receiver 15, a receiving antenna 16 and a time authentication
server 17emiodémenti ng apparatus 2, on the other hand, is conprised
of a receiving antenna 20, a receiver 21 and a tinme authentication
server 22. ThelFige 4l stk by ehagtdileprseties e giradessdagelfilpye
time distribution system 1 and the receiving apparatus 2 are
connect ed %8y 2a tLBRr @5F T U9 SedydReas the Internet. Security of

o o Ya%en S SRk 2l 2Ok BERTEbAR S e SuBERherron
E:g(r)rrzné]m ??‘f*"&fggd. gﬁﬁt%ﬁ#g;ﬁreers‘;iréeal line is assured by a TSA signature.
[Fig. 4] A block diagram depicting a ceonfiguration of
a satellite time distribution system accoxding to a second
embodiment
{Fig. 5] A block diagram depicting a configuration of

a satellite time distribution system according to a third

embodiment

Description of Embodiments
[0022]

A satellite time distribution system according to an
embodiment of the present invention will now be described
in detail with reference to the drawings.

[0023]

<First embodiment>

Fig. 1 is a block diagram depicting a configuration of
the satellite time distribution system. The satellite time
distribution system 1 of the present embodiment is a system
which is used as a TA (Time Authority), which provides a
time distribution service and a time audit service for a

receiving apparatus 2, which is a TSA (Time Stamping



A processing flow of the tine distribution service will be described
first with reference to Fig. 2. [0026] A PPS (pul se per second)
signal, which is output fromthe atomc clock 10, is input to the
time distribution audit server 11. Thetine distribution audit server
11 generates tinme information by adding a transm ssion ID using a
random value to the time (distribution tinme Ti) 13 obtained fromthe
atom c cl egkhd@iftgtep S10). This tinme information is encrypted by the
encryption server 12, and is then encapsul ated by the I P encapsul at or
13, and i gooedansm tted (uplinked) fromthe transmtting antenna 14 to
the geostationary satellite 3 (step S11). The tinme information is
returned from The gabsthtiorndme sdséklibteisn angs thrstl iisuttedpitosetie
recei ving apparatus 2, which is a TSA. [0027] When the tine
informati &F P8 peeBivedletlh tnlorensevragckht bhrighixh gisderhéesedei ver
21, the receiving apparatus 2 inputs the tinme information to the tine
authenticé@#&ﬁegg?vg%m%stQﬂf¥§§0 1sERéPREhen R dEhtI S ot lse@fer 22

d d th ted ti i nf tion and confir that this is the
Lime i nf OPREEYBHLO STRTTRR 6 f AOmIEhERFAPSUNALRY ofes  Fid 2RO FE LR

Lime TS based-gg the L1gesuslenaol ot hecliterpal, clack of hetime

aut hentica |on.servér he trie"in ma ang the
oL LU st eI SR IAE dgnsmuzelon, Lo 20bd Iisagol 90 T
S21). [0028L other hand, is comprised of a receiving antenna 20, a
receiver 21 and a time authentication server 22. The time
distribution audit server 11 of the satellite time
distribution sysfem 1 and the receilving apparatus 2 are
connected by a terrestrial line, such as the Internet.
Security of communication via the geostationary satellite 3
is assured by encryption based on scrambled communication,
and security of communication wvia the terrestrial line is
assured by a TSA signature.
[0025]
{Time distribution)
A processing flow of the time distribution service
will be described first with reference to Fig. 2.
{0026]
A PPS (pulse per second) signal, which is output from
the atomic clock 10, is input to the time distribution
audit server 11. The time distribution audit servexr 11

generates time information by adding a transmission ID

using a random value to the time (distributicon time T1)



In the case of distributing the time information in the above system
about several hundred nsec. of a path delay is generated fromthe
poi nt when the system 1l generates the tine information to the point
when the receiving apparatus receiveslihe tine infornmation. 14
Therefore in order to accurately set the tine of the internal clock
of the receiving apparatus 2, it is necessary to performcorrection
consi deri mjptisieepathodetiay . atHdomiey erlochkelpat bt del )0) s iMfilsuenaed by
many factors, including tinme required for such signal processing as
an | D addiiiformagnonyps i emciayidddP bentapsahatyphni o i seervesrdi2r, edntior
signal transm ssion in the system propagation time fromthe
transmi tt ilffg tARPeARGRRAUIRLeh L dbst 3P sRaepSBhR T i1d Jnd ilse

required for relaﬁlng in th%§geostat|onary satellite 3, propa%ation
time from™RESHeEEPAL Bk Rt inom &hs FEapBiFetng ﬁ!ﬁg‘;%é 5016,

and tinme required, for signal 55|n and odi n rocessing in

t he recepfﬁ' gPgLa éﬁﬂag ?ﬁ%ﬁiﬁ%ebé Fﬁﬁegii ViSnnent al
fluctuati hange ation tine e to meath
tenperatug%%ogpag 8 |%nr%1”b5§f%%%n g sg?nga%éfnﬁﬁﬁuf%ﬁe |§ﬁap
l'ine), whi I: af, h he
del ay tlnggb gﬁgggggﬁ£§ggﬁjﬁ#ﬁgqﬁ%%? Bgtlgé?r%ed%éygggﬁT%E?gc%nnot
be expectedn f a method of correcting the path delay using a fixed
correction value is adopted. Therefore in the satellite tine

di stributifgn2gystem 1 of the present enbodi nent, an actual delay tine
is measured at every tinme distribution, and this delay tine

i nformation i sWhehi thedtime tirefdreeeivhngsappaedtes Pia ihier eby highly
accurate correction of the path delay is inplenmented. [0029] In
concrete trecesvinbeashemhd id® andnehdi secebuerobl, 1bhe ysteemvings wel |
receives the time information, which was returned fromthe

geost at i oRRPRI34&NE| Pi {PE:S UBind imise indeemet hgn afr i tige t he
receiver 15 and the tinme authentication server 17 (step S12). The

ti me aut h@WENERFEEAT SRR VIFEVIEE dettBeS20he t THE F%W%w%ﬁﬂh@ﬂ$lcéﬁd°n
records the receg%)gn tinme T2 based time sgstenlof the atom c

clock 10 (EFESTSE3) do9RTs | ﬁWYE?}ngeHH“‘Ea%?%% R apf
det er m ne% ﬁrﬁgl @M EI %lét %lme H)lf??%r%g%lgué?bt %l%utte% from

di fference %Etmeen t é recofﬁ%& reception

di stributign fhre,lh er&ék@%é . taé%;\&bﬂetaﬂ %Mé&%} (GH §Re>t4he and

transmts the déternined delay tine e ti stribution
audit ser\&istbh oFhehdel @etnd® Aldckmeasunedt i hkeatiehd iRGudes all

t he above nentioned factors related to path delay. It is preferable
that the rseeeievi 0g antenha Ifhe tditer ee€byREtibn anthdNeifrigrehe

aut henti cati on server 17 have the sane configuration as the receiving
ant enna 2@ istthrebpédenvein ITarchd hdet itaenamti hehdn CED) ammdaheer 22
constituting the receiving apparatus 2 respectively. Then the tine
fromthe asceptacreteneihy atee Fioped inoadwevdingehirthe dooedi ng t he
reception time can be nmatched between the system 1l and the receiving
appar at us thgRELERELIgR| SHL Y 2At(SternSBR) reasur ed even nore

accuratel%ooza]

In the case of distributing the time information in
the above system, about several hundred msec. of a path
delay is generated from the point when the system 1
generates the time information to the point when the

receiving apparatus receives the time information.



[ 0030] Then the tinme distribution audit server 11 generates the
delay tinme information by adding a transm ssion ID, the sane as the
transm ssion ID included in the above nentioned 16 tine information,
to the delay tine Atl (step S15). Theldlelay tinme information is
encrypted by the encryption server 12, then is encapsulated by the IP
encapsul ator 13, and is transmtted-fromthe transmtting antenna 14
to t he geddrearcifonar ynsaréetite S;cummddly diest thbutide taf tihe recei vi ng
apparatus 2 (step S16). The distributed tinme information and del ay
time inforifdEreglacdoskopédthe zegriming ebrekatusn®, distis buti on
audit server 11 for a predeterm ned period. [003]] When the

del ay ti nE'SSFESRREt CBNPPELPER FRBELSHILY Fenpdeering gthmtratia 426 aand

th i 21, iyi { 2 1 ts thi del ti
i o mat | PSS GAE: RChUHAY | Ea i S8 re8 DY AT Sl ERAEs The i e
thenti cat . 22_decodes the d time informati d
S ot LA MR EEaB 2R ORRREE L2 EhatbbAT BETLRL R oo
ac! c L ran on T ar LT D e
tPre | nf orset st SABEVBRI AN RS AR (OIS PRLRD deilg e e
i nfor mat i gy havigngit Reasanes 1 G0Si ﬁ:ﬂeo'%tykpefﬁ,s gﬁit:%&ﬁgﬁoﬁ ha el me

aut hentication server 22 adds the delay tine At stribution

time Tl ifdotdets Rrihbsiti iRy i A 1QN£oSOha8Sqees €M Hate the
time Ti + Atl (step 524). The tinme TI + Atl corresponds to the

reception datrg liitet Be teher sogel fddTE o3y seeayohgt e ehéenm c cl ock 10

(correct reception tinme). [0032] The time authentication server 22

conpar es tde@sttiagd ofary satellite 3, propagation time from the
geostationary satellite 3 to the receiving antenna 16, and
time required for signal processing and decoding processing
in the reception side, and could also be influenced by
environmental fluctuations (e.g. change of propagation time
due to weather and temperature, fluctuation of position of
satellite, load of signal line), which are generated along
these paths. This means that the delay time changes in
each time distribution, hence accuracy cannot be expected
if a method of correcting the path delay using a fixed
correction value is adopted. Therefore in the satellite
time distribution system 1 of the present embodiment, an
actual delay time is measured at every time distribution,
and this delay time information is notified to the
receiving apparatus 2, whereby highly accurate correction
of the path delay is implemented.
[0029]

In concrete terms, the satellite time distribution



17 + Atl and the reception time T3 cl ocked by the internal clock, and
determnes the difference thereof (step 325). This difference
corresponds to the shift between the internal clock and the reference
clock system If the difference is not5zero (or if the difference is
greater than a predeterm ned tol erance), the tine authentication
server 22 sets the time of the internal clock of the receiving
appar at us gysttem $263. weher edyeiveghltheacdurat afbimet 5@t t ivigich was
considering the path delay can be inplenmented. A distribution

f r equency usfturhedt £memi hhergerstatlamhnvheadel dyte i I usifrar rdtei on i s
arbitrary, but in order to performtinme synchronization of TSA

wi t hout f&SCeidiagdr PBGENBA +& dher ies@iyest dPadny. the thine sever al
tens of seconds to several mnutes interval. [0033] (Time Audit)

Now a pr oC¥&LeRELFRERPB! S TH et Auditers &gl ce We I “Hee descri bed with
o enCe Rt gy THe LLIE AUl coll g1 b2 ystem oL auditng
appar ot us 3o URECh BeE Sae Gt adle ot Eheer 7B b 1% e 2
T tho L1 o ad T bert T o or e i oreki 1o IS0 (Step 540) -
The tinme audibntebhiibaakerEAVRSladvl Al MBL! 0! A& AdleS A A§asL the
T2 - Tl), by calculating the difference between the
recorded reception time T2 and the distribution time T1
included in the time information (step S14), and transmits

the determined delay time Atl to the time distribution

audit server 1l. The delay time Atl measured like this

includes all the above mentioned factors related to path
delay. It is preferable that the receiving antenna 16, the
receiver 15 and the time authentication server 17 have the
same configuration as the receiving antenna 20, the
receiver 21 and the time authentication server 22
constituting the receiving apparatus 2 respectively. Then
the time from the antenna receiving the signal to decoding
and recording the reception time can be matched between the
system 1 and the receiving apparatus 2, and the delay time
Atl can be measured even more accurately.
[0030]

Then the time distribution audit server 11 generates
the delay time information by adding a transmission ID, the

same as the transmission ID included in the above mentioned



18 distribution tine Ti and the transm ssion ID included in,the tine
information received fromthe satellite time distribution system1
and the reception tinme T3 when this tine information was received.
The tinme authentication server 22 trandmts the tine audit
certificate request information with the signature to the tine
distribution audit server 11 of the satellite tinme distribution
system 1 \Himet Rarbensesd) ato lile dell@938lime At1Thecdg nergdi st mhbut i on
audit server 11 records the arrival tine of the tinme audit
certificadelpgqtése informstiaon ianeénveyptedsbyhehsigmatyptdonal ue, so
as to confirmthat the tinme authentication server 22, which
transmitt S@rvieirs l1eeqtlese, 1$ sencapsudiargd bgtheefBdengapshd atioe 13,

di stribution audit server 11 (step S30). Then the tine distribution
audi t ser®d 1f EsAPPPAETeRtrahdGoBRRENLbR1BE MRSt Bat iLBA
time Ti and the transm ssion |D included in . the tine audit

certifi cat¥®oSEGHaSParHf D et dif i%s aRE d8nEtaEX e dto the tine
informatiqn which the ti distributi audj,; server. .11 djstributed
1 the padtPCareRISIERSTTUT Kook EonPhthat | GHS S EF SUREREL R t he
time distri LQn.audit .serv 1 r -del t] l,
correspon&ﬁ%&Ebggﬁﬁg %%gngé% sﬂ%%mi%ﬁgﬁgﬁgﬁﬁggn%%%r%gggﬁgJﬁﬁ&s t he
del ay ti myefdryt @t BRe O She | Pd AR Thai T80 - tbe 11 Ry .
distribution audit server 11 conpares the tinme T1 A- Atl an§ the tine
T3, and g%ﬂ%ﬁ@%@&mﬁnéanpef¢6ﬁl certificate, attaches the signature

19 and transmts this tine audit certificate with the signature to
the tine &uodantication server 22 via the terrestrial line if this

di fference (deviation of the internal clock of the receiving

appar at us 2 an#hthethef éeba & imare nfpsmenj.onsisi tédcei vedredet-@en ned
tol erance (steps S32, S33). If the tinme difference exceeds the

t ol er ance redgd viipgeadtrenpa bl iand ab¢i reseiver 21, nelye rzeagiyimawar ni ng
w thout issuing the tinme audit certificate, or may transmt a control
si gnal to ¥BACELEFop tRRUTSARhAaIGY sirehénfesseiiony Wppdeatdge?.

0036 Wien a . tine audit certifica reception conpl etion
otiob | s ARERTAGSFHO PREVET 2 AHREHEREAr | oRPe ey VRS 25 (st op 534)

the tinme dj ri Lon audit seryer, 11 closes connection w.th the tine
authentic£¥ﬁbﬁ“§§%3§%°§zgeﬁ¥%§t%%%?%&&?ﬁén?ﬁ aﬁ?gﬁys%yV%ﬁ' TIAL1PRe

other handed/Qklhesst breSLANALLE 96 UhebaskRd ALim, Audid aco

certificaté (s en stores e I nfor ion witten in

the time ad tehe@l thELeal &s i tidd e R i0RNHaPERE OFHS ARy opri ate
processing (step S44). If the receiving apparatus 2 has a plurality

of TSA cerdddnsadkesont 1D GROVEE RIHRC @IMeNGnifs rig@Pedh eshoant id tthee

audit certificate is issued for each TSA certificate.
memory (step S23). 1If the time information having the same
transmission ID is detected, the time authentication server
22 adds the delay time Atl to the distribution time T1
included in this time information, so as to calculate the
time T1 + Atl (step S24). The time Tl + Atl corresponds to
the reception time in the reference time system of the
atomic clock 10 (correct reception time).

[0032]

The time authentication server 22 compares the time T1



[ 0037] According to the above descri bed enbodi nent, the del ay
time is actually neasured and distributed every tine the tine
information is distributed, therefore the path delay 20 can be
accurately corrected, and accurate and’ highly reliable tine
synchroni zati on can be inplenmented. Since a sane transmssion IDis
added to the tinme information and the delay tine information,
corresponded¢é ehdt het reeeptifcr rdtieofi3antiotked dey ayhe iimeeirmkdr mat i on
can be easily discerned nmerely by conparing the transm ssion |Ds.
Fur t her noféSC4e c8PH] ﬁ%@t%iamtrm% thpsddiferarce | Heeredor (ifigro$ 253 -
encrypted_and ributed, so alteration of the tinme information can
be. pi ovenfZas dHATFERTaD HTHsP O Eo e ERFI BRATbrPT RS diepe

d. d ho
Lgﬁgféﬁrat%%OSS%l §§g|?$§h§} ﬁ@gg ?PFlbﬁE%%ﬁ e %&fagngalng to a
second e”@ﬁ.g@?@hc F; Lhe.Prasent rnﬁ?”EhQ”dlng é&&QQHsEgE%QEgE”t s

characterized 1n that the syste has a redundan confi ion as a

precaut i 0Qh%gla'anﬁEeBQQé'PfLﬁ?ecﬁ%lfe@ahEE? ofnt h@lﬁg%med&%%%ho As
Fig. 4 shows, the systemof the present enbodinent i1s conprlseg of a

first systsemvea andsat segnd: s togdMehb. idherhesPeLddy & ame guration
of these systens la and Ib is approxinmately the sane as the system of

the first rexeddimgnappsestld oisthp skey .a dhétepenesyhilsy tdhaiurkie
second system | b does not have equi pnent for transmtting information
to the gedsirat sehdipgsatmidaming (thegpathadshaytcay mntienplamehPed.
encapsul ator, encryption server). Hence the tine information and the
del ay timd dipsraantepn frequency of the time information and the

delay time information is arbitrary, but in order to

perform time synchronization of TSA without fail, |

distribution is executed preferably with a several tens of

seconds to several minutes interwval.

[0033]

(Time Audit)

Now a processing flow of a time audit service will be
described with reference to Fig. 3. The time audit service
is a system for auditing whether the time system of the
receiving apparatus 2, which is TS8A, is accurate for
assuring accuracy.

[0034]

In the receiving apparatus 2, which became a target of
the time audit, the time authentication servef 22 attaches
a signature for a TSA certificate in the time audit

certificate request information first (step S540). The time

audit certificate request information includes at least the



21 generated in the second systemlb are transmtted to the first,
systemla via a terrestrial line, such as the Internet, and are
transmtted to the geostationary satellite 3 using the transm ssion
equi pnent of the first systemla. By 18w systens sharing the

transm ssion equi pnent |ike this, equipnent cost and operation cost
can be reduced considerably. [0040] The delay tinme of the
terrestri disktrhbptsoehtase te dmt eheetraseu skidruciaine lgedt Ly
depending on the |oad of the network, but the delay tine including a
pat h del aghentime iefeomsitici ddasd vednf{bemackerstwihlimeasimed by

det erm ni ng

the difference between the time when the second systemlb

gener at ed SLRETEPHBIPAT BYHRRM dn Edids thEbueFeRt toe)imen X Waeni kBlahen

t he receiving antenna of the second system|b received the tine

i nf or mat i GAMSj FRECFPRELIMS'FT FSCedTEdi nERe . LIRS AHHEdEakden hi ghly

accurate tine seffi consi der.ing .t he th del ay_can be inpl enented,
e b7 Lipgarie

just |ike°Fh&®La

SRS riSe ht . CeHoricate rediethe

present e di t, the first systemla_and the second systemlb
IRSERE o' P R PEBUETR o e S R R B

normal |y €xécute

stripoutron rvi

service altgrpatelye byt if touhle106EUr S 10 NG O l1e SYSLEmR ¢
and t y ot ot her

this systemis s

ut down, e service Is contlnue

system al Qrg. +PHecter-LE s confiiqauration, highly reliable service can
be inplenented. 22

[0035]

The time distribution audit server 1l records the

arrival time of the time audit certificate reguest

information and verifies the signature value, so0 as to

confirm that the time authentication server 22, which

transmitted this request, is a terminal registered in the

time distribution audit server 11 (step S30). Then the

time distribution audit server 11 confirms that the

combination of the distribution time T1 and the

transmission ID included in the time audit certificate

request information is the same as those of the time

information which the time distribution audit server i1l

distributed in the past (step S$31). If these confirmations

are successful, the time distribution audit server 11 reads

the delay time Atl corresponding to the transmission ID

from the memory, and adds the delay time Atl to the

distribution time T1. Then the time distribution audit

server 11 compares the time Tl + Atl and the time T3, and

generates a time audit certificate, attaches the signature



[ 0042] <Third Enbodi nent > Fig. 5 shows a configuration of a <
satellite tinme distribution systemaccording to a third enbodi nent of
the present invention. In the first and second enbodi nents, a case of
appl yi ng the present invention to TA X%hich perforns time
distribution and tinme audit, was described, but in the third

enbodi nent, a case of applying the present invention to setting the
time of tREYG hrepaARLLE| g}aks ofing @r%ﬁ&c&%ithal%%%iw&h itdiedescri bed.

[ 0043]

A dgastj ng, s ecei tuner) 4 f i i

Catol | te HEBAOEALL FRgtPE ' HEt AT HETor CALEPR o BN VeE UMY IO of a
tellite broadcasting, S oadcast | ivers. 4 h

?cor df ng ECRFURE PN HIRCE Or TG g TERGT Rl COTY SH b g tAm ui de)

but this fyncti t NG | ' | f th

eceiver 4 Esrer PRECE BE QR TRe kR 2B S P2l Bl ate. e

begi nni ng QirSRALRY« Ohe 8s PEAGH AN L QMleh 1he AN S8 S 4 11 rt%ﬁ%{r%beg'

Therefore in the present enbodi nent, a nethod for automatica

setting tigmeeher sprNYysBEpadCEStiHY thaReieFsretidd | d:2ddtdid RBe _
si mul t aneous addressing characteristic of satellite broadcasting, is

proposed. HQ@44hce, thésting.dimiSibioa huastcesivay IleeRiweetdrhs
installed in various |ocations throughout Japan. If the geographi cal
posi ti on ef weachnpewetheut | ssgrisat Ihheditfifer endit 2841 kil davies, oa
propagation di stance fromthe geostationary satellite 3 to the

recei ver #adi trepsnibnd ¢ortixk} feidmede tof foheedetay thadS®annot be
ignored. Therefore a satellite time distribution systemlc has a
function tfOCtaRsnPE EBRrEREF BRI PHPREELSE 2or correcting the del ay
time differ%gég due to the difference in geographical position

bet ween t HE eivers. The rest of the configuration is approxi mtely

th th t i tq.t first di {

e s o MRS ho T Sl SRl Bhespbeds by ange
descri bed Jgrelnbel auee | Hi or ARk, %eortiﬂde”%u‘éhéﬁa{i@#’éi&{‘ sclafrx}e*}eétz' me
information, delay trnme information, correction 1nformation and the
like are r@&ﬂébpb@&ﬁg tHel Pindlad A5 1G0MRMNIEARLA: A LAy Of 1N 13akel lite

broadcasting and then distri buted.
connection with the time authentication server 22. The
time authentication server 22, on the other hand, verifies
the signature of the issued time audit certificate (steps
S42, S43), then stores the information written in the time
audit certificate in the memory, and performs appropriate
processing (step S44}). If the receiving apparatus 2 has a
plurality of TSA certificates, the above processing is
repeated, and a time audit certificate is issued for each
TSA certificate.
[C037]

According to the above described embodiment, the delay

time is actually measured and distributed evéry time the

time information is distributed, therefore the path delay



[ 0045] In the satellite time distribution systemlc, a data
base for storing information on the broadcasting receiver 4 of each
contractor is constructed. This data base stores the apparatus |D of
t he broadcasting receiver 4, installatbon |ocation information,
correction information, and the |like. For the installation |ocation,
any information can be used if the geographical position of the

br oadcast iceg becekcuearataby beospatidd,edndsuchugatanand aaigigde (code
assigned to each area sectioned in advance, such as M nato-Ku Tokyo,
or YokohamelQebyeKanngavp)chidrel mddroes sanabd Lapléneetddngitiomde. aThe
apparatus ID and the installation |ocation information can be

obt ai ned 988w thenspisgopr rHetior dddest et tbe réwei Vefoimattdven and
satellite broadcasting subscription procedure. The correction

i nf or mat i &S §ea2PaFdfet ERL9BRa oo QOTAgSPREABRFAYOE | e dilffeer ence.

The correction informati o éd lay tinme differenc&é can be ,
t heor et i calfPrRarLaPafRY Erh rfgela’fysfsttaﬂ@ae&fpaﬁ%l VERTD rish &fstiilgn

d, if th iti | at i hi th t lc,.th
br oadcast (g CPEBER BPEAL kY (R a SN AP IR SRLET 19T 158 1 s known,
Strictly sReakkifs LCaCOUIEGIS A IlQr Bkian, shpdl dibe diffgrent,,
epend| ng on he recé| ver, u the corre ron 1nrornmati on nay e Set

in area unigt gnbhybbeqdghayaliveislidder eice1is conbhned wid iR

tolerance. In thée case of Fig. 5, the correction information Is

cal cul at ed rffRfmaaeBnr 58I WEIpleiittdS Sher edlifpdrfdafaobagr in
advance, but the systemlc may cal culate the correction information

based on tdistirabtiakbat tdme | @o@theoOinptodr@mt i on upon di stributing the
correction information. [0046] The systemlc can transmt the
correcti orlGiO3Bormati on by attaching it to the tine information or the
delay tine information, or can also transmt only the correction
i nformati on sepéearafiyEnbogindntXine information and the delay tine
information. As nentioned above, the values of the correction
i nformation ar E18if fePRAYS dpedti 1y vt iche Of e eP @1 bite Helligy ea,
hence t he ,er%%i.\fée%.or the area whi ch can access the correction

stlbe

i nformati &5 OB BEFFTRA e TOofr BEEPBA FRYAMTRN0PS She

transnitt%ghsggt invention. The second embodiment is characterized
in that the system has a redundant configuration as a
precaution against troubles and failure of the system.
[0039]

As Fig. 4 shows, the system of the present embodiment
is comprised of a first system la and a second system 1b.
The respective configuration of these systems la and 1b is
approximately the same as the system of the first
embodiment (see Fig. 1), but a difference is that the
second system lb does not have equipment for transmitting
information to the geostationary satellite 3 (e.g.
transmitting antenna, IP encapsulator, encryption server).

Hence the time information and the delay time information



25 concrete terns, as Fig. 5 shows, the systeml|c attaches an
apparatus ID or an area code to the correction information, and
transmts. When the correction information is received, the receiver
4 refers to the apparatus ID or the agea code to determine if this
receiver 4 can access this information, and chooses the information.
Since the range where the correction informati on can be accessed is
limted | yenkiratway ini oHe viekmid coniteal 1boareathat @eeite] tHOrHeOr
each area) can be inplenented. [0047] If the delay tine
di f f er encéiinsd] sgedemnléheiz or risotriemt riinflol ime| osudls 34 X hd he
receiver 4 can determne the reception tinme (reception time in the
ref er ence Integnsfst anf dye t trearfliltdwidhgoekpregsdorat imiany t he
distribution tinme Ti included in the tinme information, the delay tine
Atl i ncl udedaldithe 3depayatihfe Snaremiasion, canipnert def dyhe ifdst
d| fference At2 included in the correction information. Reception tine
=Ti + At ISY? ﬁ%f“z 1F®04§}’ tWo SYRSRS ﬁé’@rllplget{lﬁetﬁrl‘%‘ﬁl%ﬁﬂﬁﬂl ment, the

receiver CQ E { ceptlontl %n t%e tlmets stem of the

i nternal ceiqo WI t h g iny ﬁqu&pﬂlﬁn +CRIS 3BA PR 1 He G95te GF t he
i nt er nal 0 d ference. [0049] According to the
nmet hod ofgt %dlragségnggﬂn%g%lsa& , the path delay can be corrected in

real -tine [@@Q@]derl ng the delay time difference generated due to the
difference in

The delay time of the terrestrial line, such as the
Internet, could fluctuate greatly depending on the load of
the network, but the delay time including a path delay on
the terrestrial line can be accurately measured by
determining the difference between the time when the second
system lb generated the time information ({(distribution
time) and the time when the receiving antenna of the second
system 1b received the time information, just like the
first eﬁbodiment. As a consequence, highly accurate time
setting considering the path delay can be implemented, just
like the case of the first embodiment.

[0041]

In the present embodiment, the first system la and the
second system 1lb normally execute the time distribution
service and the time audit service alternately, but if
trouble occurs to one of the systems, this system is
shutdown, and the service is continued by the other system
alone. Due to this configuration, highly reliable service

can be implemented.



26 geographi cal position between the broadcasting receivers 4 as
wel |, therefore an even nore accurate tinme setting than the
previously nmentioned enbodi nent can be inplenmented. Furthernore,
according to the present enbodi ment, &he correction information is
di stributed fromthe system which nmeans that the broadcasting
receiver 4 need not set the correction information in advance. Sinceé
the conplildBt4€d operation to cal culate and set the correction
information. (delay tine difference) is unnecessary when the

br oadcast i ng r €¢&ilver Embpdimential | ed, the installation and setting
operation of the broadcasting receiver 4 is sinplified. [0050] <C her
application fi&l@s>> Showina epipiigatdanr ghge sttehelts dsamt
inventionéﬁ;tn%% limted to the. abgve enbodi nents, but, can include
appl i cat i 6 Y6 PR 8l SEFEPRACIHICRYG EQuPr ERAEL FHRAIRFN thioghtpe

reliable tine information. Fo aml.e, .the . present invention can be
oppl | ed SRSy REREBHESA | off U AT S5 SRR AP Fret | GHRCF ATy A (1 o
system By nchrqnizihg ti i E : syst.e
reliabili tcya%%f %? hg% ?Lkgg%h%lggaé f\}ae%lr}'& ggi"gx‘;%@g} ?fé %’ a"ﬁicf c:trﬁl me to
capture and fRgasCaimbBeqt SPF ONRG orfVa3@ *exméygﬁaieﬁuzwqietéegﬁb' h,a
train and subway system accurate operation can be expected. ?he
present i mANtinORheaABhak8OeiSoBMEtEd at @a8¥SEENEoA N nglitHe iekenti M
to ships and submarines at sea, or to synchronize tine anong ships.
The preseninviemtdnhi @0 saptahGocHee tapRl b€dthe iRTetnSYdWJBK @ a
synchroni zing tinme informati on and managing tinme of crime prevention
caner as i rstcaldcedtingareoaiyveand adasicmebsynchroni zati on system of a
nobi |l e base station. Application to a smart grid is al so possible.

For exanpl @043y} synchronizing tinme in a system which reads and
manages power neters and gas meters, automatic readi ng based on
accurate time BebERBECABEEND| EECHTETalLtHREED c4 af@f tregeiwiddsiar ed date

and tine, i e _case of novjng to.a new address, for exanple, also
can be har‘?’t#«?éﬁlfcﬁ ﬁgagﬁﬁﬁtjcﬁggrﬁﬁ dé?lsltﬁ‘\féﬁacﬂ?oﬁi%‘%@ ¥yt ens of
power conpani.es . in_order o ppl ower stably, the tine .
synchr oni chnﬁtg%cggéo?)gi Ag” Be lgt%fbg:g\ééﬁ_ “Phvent | o%or%%rPJ:oog%cl?isfcé“BF’y
appl i ed. !féééy%ekg'ﬁdhgggog'fg%g di rE%ggvﬁgﬁgﬁnguﬁgt£Jgausin
broadcasting receiver was descrﬁbe .. but the present ventT o
al so be apgliieed rbRikherbifBn Slidd)g ®ftotheL ARRAE AIAISERAgRd N
conpani es and hones. It is also preferable that after the tine
setting basg@nadinghenptReentitdMeantdlerk bliethinBesyNEdY ani Zat ign of
ot her apparatuses in a conpany or hone is performed using DLNA
(Digital LlWhea ngmdebfiotke ALhtancd) odrodkMiwaes. accurate, the

EPG
can

beginning or ending of a program could be missed during
recording. Therefore in the present embodiment, a method
for automatically setting time for many broadcasting
receivers, utilizing the simultaneous addressing
characteristic of satellite broadcasting, is proposed.
[0044]

As Fig. 5 shows, a broadcasting receiver 4 is
installed in various locations throughout Japan. If the

geographical position of each receiver is greatly different
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like this, a propagation distance from the geostationary
satellite 3 to the receiver 4 differs, and the difference
of the delay time cannot be ignored. Therefore a satellite
time distribution system lc has a function to transmit
coxrection information for correcting the delay time
difference due to the difference in geographical position
between the receivers. The rest of the configuration is
approximately the same as the system according to the first
embodiment, hence mainly the correction information
transmission function will be described hereinbelow.
Information on time distribution of the time information,
delay time information, correction information and the like
are multiplexed in the Aata communication area of the
satellite broadcasting and then distributed.
[0045]

In the satellite time distribution system lc, a data
base for storing information on the broadcasting receiver 4
of each contractor is constructed. This data base stores
the apparatus ID of the broadcasting receiver 4,
installation location information, correction information,
and the like. For the installation location, any
information can be used if the geographical position of the
broadcasting receiver can be specified, such as an area
code (code assigned to each area sectioned in advance, such
as Minato-Ku Tokyo, or Yokohama City Kanagawa), the address,
and latitude/longitude. The apparatus ID and the

installation location information can be obtained from the
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contractor information received in the satellite
broadcasting subscription procedure. The correction
information is a parameter for correcting the delay time
difference. The correction information (delay time
difference) can be theoretically calculated using a
standard radic wave propagation speed, if the positional
relationship of the system lc, the broadcasting receiver 4
and the geostationary satellite 3 is known. Strictly
speaking, the correction information should be different
depending on the receiver, but the correction information
may be set in area units if the delay time difference is
confined within a tolerance. 1In the case of Fig. 5, the
correction information is calculated for each receiver 4
and is stored in a data base in advance, but the system 1lc
may calculate the correction information based on the
installﬁtion location information upon distributing the
correction information.

[0046]

The system lc can transmit the correction information
by attaching it to the time information or the delay time
information, or can also transmit only the correction
information separately from the time information and the
delay time information. As mentioned above, the values of
the correction information are different depending on the
receiver or the area, hence the receiver or the area which
can access the correction information must be specified

when the correction information is transmitted. 1In



22 TI ME AUTHENTI CATI ON SERVER 29 [Cl aims] [C ai m 1]

A satellite

time distribution systemfor distributing time information to
recei ving apparatuses via a geostationary satellite, conprising:

a reference clock which generates ting5to be a reference;

transmtting means for generating tine information by adding an ID to
a time obtained fromthe reference clock, encrypting the time
i nf or mat i crrenetter &rsnist t aAgFLde Bndroupt,ed ikl spstahol vt tachda drhe

geostationary satellite;

apparatus ID or an area code to the correction information,

and transmits. When the correction information is received,

the receiver 4 refers to the apparatus ID or the area code

to determine if this receiver 4 can access this information,

and chooses the information. 8ince the range where the

correction information can be accessed is limited
way, individual control for each receiver (or for
area) can be implemented.
[0047)

If the delay time difference included in the

correction information is At2, the receiver 4 can

in this

each

determine

the reception time (reception time in the reference time

system) by the following expression, using the distribution

time T1 included in the time information, the delay time

Atl included in the delay time information, and the delay

time difference At2 included in the correction informatiocn.

Reception time = Tl + Atl + At2

[0048]

Then just like the first embodiment, the receiver 4

compares the reception time T3 in the time system of the

internal clock with the time T1 + Atl + At2, and sets the

time of the internal clock based on this difference.

{0043}

According to the method of the present embodiment, the

path delay can be corrected in real-time considering the

delay time difference generated due to the difference in



receiving neans for receiving the tine information returned fromthe
geostationary satellite; del ay cal cul ati ng neans for neasuring a
reception tinme of the tinme informati on based on a tinme of the
reference clock, and determ ning a ditéderence between the tine
included in the tine information and the nmeasured reception tine as
delay tinme; and delay tinme information transmtting neans for
gener at i ngyedelrapht cak poéorimt itetwegnaddbngroddcd hiei el divees a
same ID as the IDincluded in the tine information, and transmtting
t he del ay aisi welilnf bhenefore tan tdvenr sogiev Bnguapparatines est tfi@gaichal]
The satellite time distribution systemaccording to 30 C aim-1,
further cdé#sr PESEMGOEdEY dpenlokpriask empedimant r ez e timpyg emsarvedf. or
transmtting, via the geostationary satellite, correction information

for correftFRGSE"GER ay 2 EFPA NS & ERCePEBRBRRL TP INLMETH f fdence in

geographi ¢a, 8L L O PSS NS LSV L P 3PPAN A ReSy Sl m 3]
which means that the broadcasting receiver 4 need not set
the correction information in advance. Since the
complicated operation to calculate and set the correction
information. (delay time difference) is unnecessary when the
broadcasting receiver 4 is installed, the installation and
setting operation of the broadcasting receiver 4 is
simplified.
[0050]

<Other application fields>
The application range of the present invention is not

limited to the.above embodiments, but can include
application to various systems which require accurate and
highly reliable time information. For example, the present
invention can be applied to the synchronization control of
traffic lights in a traffic system. By synchronizing time
in an ETC system or N system, reliability of the time when
a vehicle is passing by and time to capture an image can be
improved. Alsoc by synchronizing time in a train and subway
system, accurate operation can be expected. The present
invention can also be applied to systems that distribute

time to ships and submarines at sea, or to synchronize time

among ships. The present invention can also be applied to



The satellite time distribution systemaccording to Caim2, wherein
the correction information transmtting neans obtains the correction
I nformation for each of the receiving apparatuses, or for each area
where each of the receiving apparatusés is installed, and

transmits the correction information only to a receiving apparatus
capabl e of accessing the correction information, or to an area where
t he correc iswstienf derasyonheemni biaaddessédfopBhaion 44nd manafiag
satellite time distribution systemaccording to one of Claims 1 to 3,
wherein timg |d crgme| RFovemtivh @nereke iastayled mn i sflorimt conl ar e
mul tiplexed in a data conmmuni cation area of satellite broadcasting
and then di'Sts SERCBIONAAFEION SR OF EhBoPééei DRsRy HifdioRt-uses is a

br oadcastin r.ec%i.ver whi ch can recei,ve iatel lite broadcasting, .and

sets the tpt 6P ARt hPe? n&f2 Tt R UdiSn G 1ERPPFREPTRIf orfifh iSRG t he
del ay tlrn%9 @@%%ﬁ%%h?ging time in a system which reads and manages

power meters and gas meters, automatic reading based on
accurate time becomes possible, and automatic audit at a
desired date and time, in the case of moving to a new
address, for example, also can be handled. In the case of
mutually synchronizing systems of power companies in order
to supply power stably, the time synchronization according
to the present invention can be suitably applied. In the
third embodiment, the time setting of the broadcasting
receiver was described, but the present invention can also
be applied to the time setting of other apparatuses used in
companies and homes. It is also preferable that after the
time setting based on the present invention, the time
synchronization of other apparatuses in a company or home
is performed using DLNA (Digital Living Network Alliance)

or ¥M waves.

Reference Signs List

[0051]

1, la, 1b, 1lc SATELLITE TIME DISTRIBUTION SYSTEM
2 RECEIVING APPARATUS

3 GEOSTATIONARY SATELLITE

4 BROADCASTING RECEIVER
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[Claims]
[Ciaim~l}

A satellite time distribution system for distributing
time information to receiving apparatuses via a
geostationary satellite, comprising:

a reference clock which generates time to be a
reference;

transmitting means for generating time information by
adding an ID to a time c¢btained from the reference clock,
encrypting the time information and transmitting the
encrypted time information wvia the geostationary satellite;

receiving means for receiving the time information
returned from the geostationary satellite;

delay calculating means for measuring a reception time
of the time information based on a time of the reference
clock, and determining a difference beéween the time
included in the time information and the measured reception
time as delay time; and

delay time information transmitting means for
generating delay time information by adding, to the delay
time, a same ID as the ID included in the time information,
and transmitting the delay time information to the
receiving apparatuses.
[Claim 2]

The satellite time distribution system according to
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Claim 1, further comprising correction information
transmitting means for transmitting, via the geostationary
satellite, correction information for correcting a delay
‘time difference generated by a difference in geographical
position between the receiving apparatuses.
fClaim 3]

The satellite time distribution system accor&ing to
Claim 2, wherein

the correction information transmitting means obtains
the correction information for each of the receiving
apparatuses, or for each area where each of the receiving
apparatuses is installed, and

transmits the correction information only to a
receiving apparatus.capablelof accessing the eorrection
information, or to an area where the correction information
can be accessed.
[Claim 4]

The satellite time distribution system according to
one of Claims 1 to 3, wherein

the time information and the delay time information
are multiplexed in a data communication area of satellite
broadcaéting and then distributed, and

each of the receiving apparatuses is a broadcasting
receiver which can receive satellite broadcasting, and sets
the time of an internal clock using the time information

and the delay time information.



