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DESCRIPTION

Title of Invention: SATELLITE TIME DISTRIBUTION SYSTEM

Technical Field
[0001]

The present invention relates to a technology for
distributing time information using a geostationary

satellite.

Background Art
[0002]

Lately the importance of a time authentication service
1s increasing because of the spread of the Internet and the
digitization of information. The time authentication
service 1s called a “time business”, and is used as a time
stamp to prove the accuracy and reliability (effectiveness)
of time when electronic data is created and the transaction
time on the net. 1In 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 order 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



Lately the inportance of a tine authentication service is increasing
because of the spread of the Internet and the digitization of
information. The tinme authentication gervice is called a "tine

busi ness”, and is used as a time stanp to prove the accuracy and
rellablllty (effectiveness) of tinme when electronic data is created
and the thamsaet iefotindeien.t haecBehtr1lnid systefmvhi eRatssHesosyCh a
time stanp, a clock of the systemitself nust record an accurate tine
(that isapparatspeshuerdziing cobint Be shandamdst bre) neAwerded kad
ensure the reliability of the tine stanp. A clock built into a

st andar dmoanputer oppsherd bowevegttalscbatrvesy aabi abl empasdlent i s
inevitable that tinme starts to shift during use over a period of

ti me. Theuehosgnichricsionecessatyll oaobtiabneacdneatetandghbghkych
reliable time information froman external tinme distribution service,
and set theatiates(dal desatredthe internal clock) regularly based 2 on
this information. Recently it is conmon that various apparatuses used
i n conmpariit@®3dnd homes are networked and nutual |y operated by digital
controls, and to inplenment such synchronous control, accurate tine
setting of eadkrapper atios ddsdesbnedon[ 6608 ce, a sEendohd wame

di stribution service, a standard wave (long wave JJY) distribution
servi ce, (dthoawewevildd)usiisgrébuhianbsedivieeti endl anecwyikeassangNTP
(Network Time Protocol) server have been used. A nethod of setting
time usi wycd ePSisdickictiensilgnatvirskarsoakn8lR. (Nehwoek dipeobl em of
using the nmethod of using a standard wave is the propagation del ay of
radi o waF&Stoakildh segvgenbpate@cabcording fomehéodi stareétinamting
transmtting station. In_the case of u5|n% a GPS satellite S|gna

the radi &vi@ge ac &FSd spitgdtldare sdgaatoishe larskanye -f r BpMeRE: 2
satellite, due to weather and the like. In the case of an NTP server
as wel |, PXORl6pagit USATGeltdy Metheferst 81re ehetABOREAK WaxRd ighéhe
del ay tlne fluctuates considerably dep endln% on the network |oad. A
met hod oﬁ’ré’lpiaﬁlaﬁéf’inn&eéraﬂforofaﬁédﬂlou&’tat‘,f&tsvoh’ Byhaver 86PRGERE time
information is available, Qhut the accuracy to be gbtained is |imted.
Fur t her mo&C G RE §8tFPﬁgdééﬁﬁGFebérB@rFBPnﬁaapéwlﬁﬁﬁ?gcPF@E?@nat t he

sanme ti ince this is client/server ste
n%n_%he case of uging a G%S satelli%e sqbnal the radio wave

could fluctuate due to the distance from the satellite, due
to weather and the like. In 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 load. 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 videc reccorders which

use the time signal of NHK during analog broadcasting for



-

[ 0004] There once were TV receivers and video recorders which
use the time signal of NHK during anal og broadcasting for the tine

setting of the internal clock. Howeves as anal og broadcasting shifts

to terrestrial digital broadcasting, a broadcast signal could no

| onger be used to synchronize tinme. Theoretically, in terrestrial

digital kneadeas! isk@tingf @fmhiconneannat beodikst rybutedri Asr aakibiyne,
and about a one to several second delay is inevitable due to a delay

by transmirssico/stehay shiites, tdelayrbytenaodungiabit BeohHaRsRl gl 0R
si de and decoding at the reception side, delay by a multiplexing

appar at ugroaiidatshe sliighel Aetandingg lbagkhenst agdar s efntatpastei al
digital broadcasting, broadcasting conpanies are required to transmt

tinme inferimat.i omhealdeed cROL v(, Tiime tek-treet rTabl &) gaukili pkexadavittihgt he
broadcast waves. However TOT guarantees only a degree of accuracy
wi thin "anfolthantsec. cannhort bangd strapudsSd (dapaneseiffbandaddabooe) a
when tinme is input to a standard receiver". Further, the error
di sper sesngdependievgrai tskeobdodddast isgicenpanp,lepenktotpaaceeabyt bg
receiver, and a nunber of relays (typically a distance from Tokyo).
As a conseguemdess iicn/ireldivf fliicwlst, tielayeb¥OEntodinhgmeti mher mation for
which high reliability is required. [0005] In PTL 1, a system
whi ch di streinsuties itnre lidef encatiecrdisongtateoseateptnany ssdeel Hetleyi s
proposed. According to this system a control station transmts a
system t ibyi rg mildnglletdng s@pelrkitue,anddr sbei Vékea r dcgomddngi gra
t hereof, whereby a path delay fromthe transm ssion to the reception
i s measurtdé, samddarelsdelfay etrings tivg atlr daghitetledrpedcasting,
broadcasting companies are required to transmit time
information called TOT (Time Offset Table) multiplexed with
the broadcast waves. However TOT guarantees only a degree
of accuracy within “a £ 500 msec. error range from JST
(Japanese Standard Time) when time is input to a standard
receiver”. Further, the error disperses depending on the
broadcasting company, performance of the receiver, and a
number of relays (typically a distance from Tokyo). As a
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 gecstationary satellite is proposed. According to
this system, a control station transmits a 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



each receiving apparatus as a tine correction coefficient signal.
.Then each receiving apparatus corrects the clock based on the tine
correction coefficient signal and the4systemtimng signal reception
time in the local station. The propagation tinme fromthe satellite to
the receiving apparatus may differ depending on the position of the

recei vi ngaappaeaktisi nBubpblirs tpsobkem iksmeokwedech ibhi £os¥st enshy
storing the distance correction coefficient for each receiving

appar at usigWatih t thenmetkedrebewsvet, abpa rdicsisanee reekkethieoBlock
coefficient nust be set for each receiving apparatus, and

pr of essi dagkdskinl lthies thaguicbetdetban ohhicseiffis takhat isagnand asdt thag

operation, and the operation itself is conplicated. This problem

beconmes mgBecgertiiolingasighalnurheptabnr edeeviing tappavatlsesation.

i ncreases, and could inhibit the wi despread use of the system

Anot her heblpewpakbathiios mEikodrios that shitgilly tactwr ahe trereiving

i nformati on cannot be distributed to an indefinite nunber of

recei vi ngpappatatusey diddeirvidegeappagabtusesel postiitdbnt bd dhst ance

correction coefficient is not set). Citation List Patent Literature

[ 0006] PTeteldipaneppaRattest Appgl tbasi probdied- QsesNloed20®4+£hi4l8 5
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]
PTL]l: Japanese Patent Application Laid-Open No. 2004-

7418

Summary of Invention



Techni cal Probl em [ 0007] Wth the foregoing in view, it is an
object of the present invention to provide a technol ogy for
‘distributing accurate and highly religble time information via a
geostationary satellite. It is another object of the present
invention to provide a convenient and highly flexible tine

di stri butrkemnsystiem-waieh can sinplify installation and setting
operations of a receiving apparatus. Solution to Probl em [0008]

To achi ev@cipllg above object, a satellite time distribution system
according to the present invention adopts the foll ow ng

confi gurati onyithathies fotrbgoRhgsSamt viiBWENEORA si &ind obdleett! idtre thieme
distribution systemfor distributing time information to receiving

appar at ugessena angeastiahn edapyovaiiel ki technbebys For Airsefraerce
cl ock which generates tine to be a reference; transmtting neans for

gener at i agclirak el ahar Maighoy By laddilrg tamel Dniforaattie eblzaianed from
the reference clock, encrypting the tine information and transmtting
t he encr yelbed atiimearyf caretlildnevi a Itthe sgeostakirondrjycsatod Ithiee;
receiving neans for receiving the tine information returned fromthe
geost at | prasynsatielernttd ondelap roalicd at icogverdes tf endreédsilivng a
reception tine of the tine information based on 6

flexible time distribution system which can simplify

installation and setting operations of a receiving

apparatus.

Solution to Problem
[0008]

To achieve the above cobject, a satellite time
distribution system according to the present invention
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 informaticn returned from the
geostationary satellite; delay calculating means for

measuring a reception time of the time information based on



atime of the reference clock, and determ ning a difference between
the time included in the tine informati on and the neasured reception
time as delay tinme; and delay tine infeormation transmtting neans for
generating delay tinme information by adding, to the delay tine, a
same ID as the IDincluded in the tinme information, and transmtting

the del ay tdimR b&fQ%%ﬁ&@Q%ﬂé%c%h%lb%Qeléh@gdéﬁg%hﬁhﬁﬁ%sa Q29%krence
According to this configuration, tine required froma point when the

ref erencecaheeh gereabRd itidRded anPehit twhen ihiFe rheeion RGdTRARS
receives the information via the satellite (delay tinme) can be

nmeasur ed reGeiHraldelnecePia ofelravet iz dRBasukateherd Beliudesiald the
factors related to path del ays, such as tinme required for such signal

processi ng fag mal iagditriaernard i@[RC MephisOFort ig@dcredinkediella time
transmtting signals in the system propagation tine fromthe

transm t tinfpri@aisn @yt keldsaigg! Itot &het idaR afvequineed af @ameelTay iarg tihe

the satellite, and propagation tinme fromthe satellite to the

recei vi ngDneared.udberc didithg: ttd nichiis feambitdwnat iaor, tewernifttime the

reference tinme source, which generates a tine to be a reference, and

t he transialiay ng meedms oot td@og rtap hihea Idey ed vd nan ta paiadt ad vlsersr.est r i al

line is used, the delay tinme, including the fluctuation in the |ine,

can be medir9d in real -tinme. [0010] Therefore only if each of

t he receiving apparatuses can receive delay tinme information

i medi at el y afftic@orntdieng ZTo 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 terrestrial line is
used, the delay time, including the fluctuation 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



time information and add the delay tine to the tinme included in the
time information, then an accurate reception tine (that is, reception
‘time in the time systemof the reference clock) can be cal cul at ed,
considering all the above nentioned various path delays. If a
difference is detected between the reception tine cal cul ated here and

a recept itQhet iiMEFcFRATULRd bW LBE theedsysiemigk thethat eaipal clock of
the receiving apparatus, the internal clock of the receiving

appar at ugneamdel adj yskedine asfbemedneel, thendihf acengatko zero. As
aresult, tine of the receiving apparatus can be set at high

preci si okede@@libh time (Hewe iik,t kecdbhkfienercachethweer thaecdisysarae
fromthe satellite to this systemand the distance fromthe satellite
to a receifvithg apFarands icloexhreaml peswalllculbheddekaystideeing all

di fferences can be regarded as the sane. However as the difference
bet ween ttheseldivet aree ivakdesarioneapath ded adisf.f eré&nae doff felrendel ay
time values can no | onger be ignored, and this difference could drop
t he accuriacyleafedthel tietwesat tthegrefc@pdiipn time thékeflated heire and
preferable that the satellite tine distribution systemfurther has
correcti @n rnegfeptniamn anrer arssiutreidnpymehes tiioe tsyatem offi hge via t he
geostationary satellite, correction information for correcting a
del ay ti matadirifadr elee kgerfethieed eloy ia idiof feremacuisn ghegriapkiroall
posi tion between the receiving apparatuses. The difference 8 in
geogr aphicdalckpedi ttihen nemgiviclouderacttens yaa dief beijasted o as to
t wo- di mensi onal (plane) position, but also a difference in
t hr ee- di mamsiednalhe dlitfifteygerepdsi tziegw.. As a result, time of the
receiving 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 wvalues can no
leonger 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 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. The difference



[ 0013] According to this configuration, the receiving apparatus
.can correct the delay time difference due to the difference in
geogr aphi cal position using the recei 8ed correction information, and
can set tine nore accurately. Further, according to the present
invention, the correction information is distributed fromthe system

si de, hengegkbigsabhfieamabbentieadmagt ihelsge hbtt balkeaedyiffigrence
apparatus in advance. As a consequence, the installation and setting
oper at i oanokwbheimeaeivnad appanaluposanibea,sbipl efikeda HO@Idkence
It is preferable that the correction information transm tting means
obt ai ns tihe tbeeeedtmensivhatngtienthde)epeBiafiohhe recei ving

appar atuses, or for each area where each of the receiving apparatuses
is instalfloed3)land transmts the correction information along with
limting information to limt receiving apparatuses capabl e of
accessi ng t hezeanrednigonol nhasmabndigorasieas wher ecclkeé véagr ecti on

i nformati on can be used. [0015] Due to this, highly accurate
di st ance apprrectisoraac cordiendg thet helggogiaphidddifepesicei dmeofocesbk
recei ving apparatus or each area can be performed, and accuracy of
time set diiddgecamdee ifwgklkgraphpcetegoslitithe usdasy ¢het hecedvpdesent

i nvention, the correction information, to which limting information
i s attacledreics idinstiniflormed ionhepeflocani seitvitdoal meogrt eelcufreitedach
receiving apparatus or for each area is inplenmented, while utilizing
t he advamagdest, lcoadcds g bhsepresesat dnviend igingt tigucoggection

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
ftransmitting 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 periormed, and accuracy oz

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



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

| ocation of each receiving apparatus, sbut this can be inplenented by
registering the installation address of the receiving apparatus when
a procedure to subscribe to the tine distribution service is

perfOr”Eﬁre%%ﬂt”&ﬁ%ghﬂgohhetﬁ@pébékééth@hamﬂfégﬁéﬁi%n(OEOSWQHch
information as an area code) for each receiving apparatus in a data

base inshdaithegsystrefnaltiohs ikohteaehaun peehiesabligutedst eherkthere
val ues of the correction information for each receiving apparatus in

this datanBasedub@0tbhtrol folrt ehghpietenabhe tbphrbhest b for each
information and the delay tine information are nmultiplexed in a data

conmmuni cake@n iar eapokrsateld, i waibeoadeasking and theandiastr oFut ed,
and each of the receiving apparatuses is a broadcasting receiver
whi ch camrbeceiave inat dlalsiktie obr eadeastictegdiandidetsonhe time of an

internal clock using the tinme information and the delay tine
i nformat i[0m.16[]0018] By this configuration, highly accurate time
setting 10 _

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 broadcasting 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.

[0018]

By this configuration, highly accurate time setting



can be inplenented for an internal clock of a broadcasting receiver
(e.g. tuner, video recorder, TV set), and the start and end control

of program watch reservation, recordilg reservation and the |ike can
be perfornmed accurately. [0019] The present invention can be
seen as a satellite tinme distribution systemthat includes at |east a

part of the abovepmemtheradreenthgtinhatik0al eloakxsatehl bkeatitABting
di stribution nethod that includes at |east a part of the above

nment i onedepeoessi(agq. Thanpresentiebnyeabiraarcanvakee)beasaennas a
program for having a conputer execute at |east a part of the above
ment i onedtptocessi Bgd ebnarednpit progearabkechecesdirngtied, um in
which this programis recorded. Advantageous Effects of I|nvention
[ 0020] recorAdaor debgrivatibe pnedseht ilbkentaanpeapeutatmedand hi ghly
reliable time information can be distributed via a geostationary
satelliteacc8Bracelgorrection information is distributed fromthe
system the installation and setting operation of the receiving
appar at ugond o3i npl e, and a convenient and highly flexible tine
di stribution system can be provided. Brief Description of Draw ngs
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 menticned 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, or 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]



11 [Fig. 1] A block diagram depicting a configuration of a
satellite tinme distribution systemaccording to a first enbodi nent
[Fig. 2] A flow chart depicting the priocessing flow of a tine

di stribution service [Fig. 3] Aflow chart depicting the
processing flow of a tine audit service [Fig. 4] A block

di agr am depi ctririg, alqonhlgwbaklemagkaﬁ aébﬁhthhﬁ b'EEn@h%bEhQEbhOBf
system according to a second enbodi nent

di agram depheting+a €9Rbi gukatipit9bnas gt@hlab@o&amﬁgdtgtélbm&b@n
system according to a third enbodi nent scription of Enbodi nents
[0022]  embodiment
[Fig. 2] A flow chart depicting the processing flow
of a time distribution service
[Fig. 3] A flow chart depicting the processing flow
of a time audit service
[Fig. 4] A block diagram depicting a configuration of
a satellite time distribution system according 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 o¢f the present embodiment is a system
which is used as a TA (Time Autherity), which provides a
time distribution service and a time audit service for a

receiving apparatus 2, which is a TSA (Time Stamping



A satellite time distribution system according to an enbodi nent of
the present invention will now be described in detail with reference
'to the drawi ngs. [0023] <First enbodit®ent> Fig. 1 is a block
di agram depi cting a configuration of the satellite time distribution
system The satellite tinme distribution system 1 of the present
enbodineghth@rqtgysten1mhich Is used as a TA (Time Authority), which
provides a tine distribution service and a tinme audit service for a
recei vi ngoapparatus 2, which is a TSA (Tine Stanping 12 Authority).

The satellite time distribution system 1 is comprised
of an atomic clock (reference clock) 10 which generates a
reference time, a time distribution audit server 11, an
encryption server 12, an IP encapsulator 13, a transmission
antenna 14, a receiver 15, a receiving antenna 16 and a
time authentication server 17. A recelving apparatus 2, on
the 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 receiving 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 via 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 server 11
generates time information by adding a transmission ID

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



[ 0024] The satellite time distribution system1l is conprised of
an atom c clock (reference clock) 10 which generates a reference
time, atinme distribution audit server3z1l, an encryption server 12,
an | P encapsul ator 13, a transm ssion antenna 14, a receiver 15, a
receiving antenna 16 and a tinme authentication server 17. A receiving

apparatu%b%ai%@dtE%cﬁﬁ%%%_B%Bﬁici%l%eﬁpﬁbsﬁgt%b g1bgcei %ihng gRkenna
20, a receiver 21 and a tine authentication server 22. The tine

di stributingdraddiibnsekvenckipebdt be sakekhickeplioh diestii-bubi, onng
system 1l and the receiving apparatus 2 are connected by a terrestrial

line, sugh asechhenRipeunatedSeguihky 16f cceapdRleabron 3vi ankhe s
geostationary satellite 3 is assured by encryption based on scranbl ed

comuni Catria@RmidR@ds qapliihked) FeBRURheatiranswidcling Gereestr al tli ne
is assured by a TSA signature. [0025] (Time distribution) A
processi gl kewsef tlikaatrhmeadiestiiicbuti qateer Bi1ae .W IThebe idescri bed
first with reference to Fig. 2. [0026] A PPS (pul se per second)
si gnal , JWhifelmas ieut put reramnike fabaimttec el ti@,1 ong riynplt el1Q itthe 3
time distribution audit server 11. The tine distribution audit server
11 gener ahels diisire ilbnftexmabl aheby caedvigga apparatiuss i2on whD S iikg aa
random val ue to the tinme (distribution tinme Ti)

TSA.

[0027]

When the time information is received wvia the

receiving antenna 20 and the receiver 21, the receiving

apparatus 2 inputs the time information to the time

authentication server (step $20). The time authentication

server 22 decodes the encrypted time information and

confirms that this is the time information distributed from

the TA, and clocks the reception time T3 based on the time

system of the internal clock of the time authentication

server 22 itself. The time information (including the

distribution time Tl and the transmission ID) and the

reception time T3 are stored in a memory of the time

authentication server 22 (step 821).

(0028}

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

generates the time infeormation to the point when the

receiving apparatus receives the time information.



13 obtained fromthe atom c clock 10 (step S10). This tine
information is encrypted by the encryption server 12, and is then
encapsul ated by the I F encapsulator 1B4 and is transmtted (uplinked)
fromthe transmtting antenna 14 to the geostationary satellite 3
(step S11). The tine information is. returned fromthe geostationary

satel | it endrafd @ Sty idHidad tho ddie raeeaiyvisk@ apRaralids o, tiai ch is a
TSA. [0027] When the tine information is received via the

recei vi ngnarirerna AGaNd f e eericteli ndl apphe ateeeizyi ng apparat us 2
inputs the time information to the time authentication server (step

S20) . Theddgmsaaut hentdeaaioran caeireeit idn desrdes iy ener yaired ddlrg .
information and confirnms that this is the tinme information
di stri butieaiefreamtiiee pBAh aled a6l dek 9 rifheeheeepbiyomaniyTEabdrased on
the tine systemof the internal clock of the time authentication
server 224dndlselifng Thene ireuiniear faih emch rdlgudiing rdee sdiisiyr ialsutanoiD
time Ti and the transmssion ID) and the reception tine T3 are stored
in a menadgliaficrhe eriargyeatitcne rindc 4B @m cagrswda tA2n(, S trameS2Blqu i[r@eP 8]
In the case of distributing the time information in the above system
about severalsilwredr éd-arsed.s sdfora ipatthedelyayters gergratadd o drimtehe
poi nt when the system 1 generates the tine information to the point
when t he fregeithend mpparidtuisa ecdiores: tlHe tid el gfeorsmmttiomaryl4
satellite 3, time required for relaying in the
geostationary 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
0of the path delay is implemented.
{0029]

In concrete terms, the satellite time distribution



Therefore in order to accurately set the tine of the internal clock
of the receiving apparatus 2, it is necessary to performcorrection
‘considering the path delay. However the path delay is influenced by
many factors, including ti-me required for such signal processing as
an | D addition, encryption and |IP encapsulation, time required for
signal tr3RsRSSl @R’ W211Necsksther theopagat i okind® ibhoMmihhen was
transmtting antenna 14 to the geostationary satellite 3, tine

requi r ed e rielayiraeh ithet BRogeast ahiagRarkreatiehll e 3siRGoRagati on
time fromthe geostationary satellite to the receiving antenna 16,
and tine dee@uiviied Lertesingnals, praeessiced vard 18ecodi RGePRAGRSSI NG in
the reception side, and could al so be influenced by environnental

fl uct uat iz=@r$ehe.i¢acdange ok rpnopagakiogivime due taméeat her and
tenperature, fluctuation of position of satellite, |oad of signal
line), watheaite geriemnatsedvalrong deeselepatths. tihies ifFatmathan,t ked
delay tine changes in each tine distribution, hence accuracy cannot
be expectregtdridsa tiet hedcpft ioor teaki NP bhecdah deleay itnsl B s& ek x&d
correction value is adopted. Therefore in the satellite tine

di st ri butthen axystiemcl cafk tilfe (prrepestl 3gnbodihmentcthean iaet ual del ay tine
is measured at every tinme distribution, and this delay tine

i nf or mat iat hes trietatfiiced seaviche 1r7eceitdrrd nagpahat de12y wiskelyt 1hi@ghl y
accurate correction of the path delay is inplenmented. [0029] In
concr et e Werd,1 }t,héys atadlduiltad iniomt hei stirfiffertenoe bES weyest éimel as wel |
receives the time information, which was returned fromthe

geost at i oe@moyrdsat glddepd idn trdimeg Tzh @nce ddiev idig tanberiianl 6,.1imeh g 1
receiver 15 and the tinme authentication server 17 (step S12). The

ti me aut Hertliuged am $dvey drink7 igdooded ichre (tsiteg iSAf0r maicorraausghits
records the reception tinme T2 based on the tine systemof the atomc
cl ock 10 tfet elet813)incTheale ligye tilimee Addt Henttbeatbiore sEmsteriblition
determ nes the delay tine Atl (= T2 - Ti), by calculating the

di f f er encadigt wemvetrhd Ir-ec Gihde derlage fitiimen AtilneeEBuaedl tli&ke this
distribution tinme Ti_ included in the tine information (step S14), and
t ransni t SAHEWES &rldi 4@ doIcxy Mepd laned Faftens ke l@tad itsutiadh
audit server 11. The delay tinme Atl neasured |ike this includes al

t he abovéSiéiti orfdd FadEiSPdI& ddato 1@ Fed&idina entepefdratine
that the receiving antenna 16, the receiver 15 and the time

aut hent i CRGSGY Feriver7 Hhigy & 15e SR G sy ofs thdavscdiff ng

antenna 20, the receiver, 21 and_ the tine authentication server 22

const i t utiAfg (R TR Epdst FEL TN ENE “FhedtNhe tine
fromthe antenna rgceivj t he signal to .decading and regording the
Fecept i of S Sart b Hhtdhed B& MR T GSCIMSETRE Cie T ecei vi ng
appar at us %f and %ﬂg q§kgy tin%,AtI can bgine ured even qg;e
accur at el S[tdgé’(’}] d TS CHES i T sutisor SSUldites Ser vé oL
gener at es .t he .del ti i nf Qr mat.i qn _by. addi a t.ransm.,ssigon ID_the
Jame as. T A Ract] O BT d e T TG ARy TR dredeeoding
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.
[G030]
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



16 time information, to the delay tinme Atl (step S15). The delay tine
information is encrypted by the encryption server 12, then is
‘encapsul ated by the I P encapsulator 13 and is transmtted fromthe
transmtting antenna 14 to the geostationary satellite 3, and is
distributed to the receiving apparatus 2 (step S16). The distributed

time i”f%g%ﬁthﬂgoéRth%h?ytbi%ﬁeigE%%§aEEﬁQ %E% %%Q%E?sﬁ )@ ”Eggry of

the time distribution audit serve for a predeterm ned peri

[0031]  gdela w@@ﬁetﬁ%f@%hﬁkibhnﬁsi@B@&g?%%@nb&sth%?%h%%%p%ﬁ@nthe
recei vi ng angenna 20 and the receiver , the'receiving apparatus 2

i nputs thiesveel ay,ticken RkoerRbban1hectheyt ke apt bepbbeatlhesrsenyer
22 (step S22). The time authentication server 22 decodes the del ay

time infan@tisoR randmeXikac fyolhehkr @ReRkHS k@A nkDaakdnhe 1delay thieme
Atl, and then specifies tinme information having the sanme transm ssion

| D out ofyeblaeatiilBRairyl ehi@lilafesBOr add Ast be steAwiy gstepthdl) . |f
the time information having the sane transmssion IDis detected, the
tine aut herbitahgoBppearaens22 gddspt e edel ayhiel @R sAtdibiu@ethe ime
distribution tinme Ti included in this tinme information, so as to
cal cul at eéntfhentitienTiant AkllafstemeS24formhe ibhnarl stoskld dar mesponds
to the reception tine in the reference tine systemof the atomc
cl ock 10memoiryeott réeeptimen diiste)buf@od2khudie tsierereautlierfoircat i on
server 22 conpares the tinme Ti ’

predetermined peried.

[0031]

When the delay time information is received via the
receiving antenna 20 and the receiver 21, the receiving
apparatus 2 inputs this delay time information to the time
authentication server 22 (step S22). The time
authentication server 22 decodes the delay time information
and extracts the transmission ID and the delay time Atl,
and then specifies time information having the same
transmission ID out of the time information stored in the
memory (step S23). If 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



17 + Atl and the reception time T3 cl ocked by the internal clock, and
determ nes the difference thereof (step S25). This difference
corresponds to the shift between the I'hternal clock and the reference
clock system If the difference is not zero (or if the difference is
greater than a predeterm ned tol erance), the tine authentication
server 22 getsahhethim@eebpthen RigeNak eheekeaf pi/heneegaicvirngl
apparatus (step S26). Thereby highly accurate tinme setting

consi der cngckhe apat Hedel-ayneanthe daplferentedthArdbs$t riishep 6a5) .
frequency of the tinme information and the delay tine information is
arbitraryhibutiiffeaeder torpesbondst toetignehidni batiweenoft hE€SA

without fail, distribution is executed preferably wwth a several tens
of secondattanséveiakknmiantt ehei medevahce| 6088k EVistemAudiit) the Now
a processing flow of a tine audit service will be described with

r ef er enceitideFiegce3isThett zreoaldict isetecdiifSeaenyst em Hoeadedi ti ng
whet her the tinme system of the receiving apparatus 2, which is TSA,

i s accur ahenf ar passleitengiaedutadprap0ld4] the timenaultbenddeiaviing
apparatus 2, which becane a target of the tinme audit, the tinme

aut hent | satrivenr 8@r vetts22hat tackesLatbegaateraafloclackSaicahe ficat e
inthe time audit certificate request information first (step $40).
The ti e ragéiltvicgr epbiecatasr dgiest SRef or nBhessbivnbiloldy acaugase t he

time setting considering the path delay can be implemented.
A distribution 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 interval.

[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 TSA, 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 S40). The time

audit certificate request information includes at least the



18 distribution tinme Ti and the transmssion ID included in the tine
information received fromthe satellite time distribution system1
‘and the reception tine T3 when this tigre i nformation was recei ved.
The tinme authentication server 22 transmts the tine audit
certificate request information with the signature to the tine

di stribugkgnragditoneryfe &1 ahthﬁesakshgmass&bﬁeIgl§h&ueabuomn
system 1l via the terrestrial line. [O The tinme distribution

audi t se&ﬁ@rtlﬁer@ﬁ@b@ﬁatﬂ@na&ébéabealﬂ@oﬁftheesbtgﬁlaudltlme
certificate request information and verifies the signature value, so

as to coafistmiblatohheykieR ayt BaAt that keBepenvar t2he Wi Ghen this
transmtted this request, is atermnal registered in the tine

di stributine audbtmsenver wht (stepvs8a0). Thhenihbeatithendighiibut i on
audit server 11 confirms that the conbination of the distribution
tinme Ti asdvkhe2br arsmisgsicenthd icAgskudediknceheifimataudietiuest
certificate request information is the sane as those of the tine

i nf or mat Lefowhiehohheithmehdi stgnhtirentaudht sémeedittrdbstibhut ed
in the past (step S31). If these confirmations are successful, the
time di stodhut semveudiltl s€r vhe khteéddset hemdeHagttribatAbh system 1
corresponding to the transmssion ID fromthe nenory, and adds the
del ay ti meaAthet detrlresdirstdi Butieon tinme Ti. Then the tine
distribution audit server 11 conpares the tinme T1 + Atl and the tine
T3, and dgeénaebhates a tine audit certificate, attaches the signature
19 and transmts this tine audit certificate with the signature to
the ti me aut h@hei catieonlisamibutianypadilie seaveastldi alecbirds thet hi s

di fference (deviation of the internal clock of the receiving
appar at ugrZiyad theer offertéwrc & itemausiist erytiid iwiptki regusnsédet er m ned
tol erance (steps S32, S33). If the tinme difference exceeds the

t ol er ancanforaatiion @nst viewdtics abei cigapfarel Yagag r SOURS &Owar ni ng
W thout issuing the tinme audit certificate, or may transmt a control
si gnal t&ondAga $hep the Tomer greticnt ieRTERE BEEFRVI Rg rapparcht us 2.

0036
[ ] transmitted this request, is a terminal registered in the

time distribution audit server 11 (step S$30). 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 11
distributed in the past (step S31). 1If 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 T1l. 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



When a tine audit certificate reception conpletion notice is received
fromthe tinme authentication server 22 (step S34), the tine
‘distribution audit server 11 cl oses cpmnection with the tine

aut henti cati on server 22. The tine authentication server 22, on the
ot her hand, verifies the signature of the issued tinme audit

Cert'f'C%h% &%h%%%1§%2th§é3kambh%%d§%0%%%tEE%cb@%o%ﬁﬁh'QB@M'tten in
the tine audit certificate in the nenory, and performs appropriate

processi Bg gh$k@ReS44) thkf tihe LeeakvitigadRPAr akkyes Pas vaaphueal ity
of TSA certlflcates t he above processing is repeated, and a tine

audi t pertblrﬁ.»ka@@trqalls liseued foR seagh FESAneer tidkivéake on[ @33 the
According to the above descri bed enbodi nent, the delay tine is

act ual | y ingasuaed capd kdicst thutredegvweny bipia rhitest 2menidnfeemtion is
distributed, therefore the path delay 20 can be accurately

corr ect ede fanenaec trisiee sard <hi) ghlsy wiehiiablae piriede teyid hednitzakiramn cean
be inplenented. Since a sane transmssion IDis added to the tine
i nf or mat i(efeprd SBize del3ay t iIfe thef armgt iddiE L ecehes pairgerce thk t he
time information and the delay tinme informati on can be easily
di scer nedoterahyehy tt@enmdeng itsite ibansm ssidin sBxvekurltthemyoreturn
according to this system the tine information is encrypted and
di stri butedrarsid nal terthicuan iefsuting trihre tiimfeo pnmtitorecan fieaprevent ed,
and reliability of the distribution tinme can be inproved. [0038]
<Second BEalyodirmmsteit a control signal to force-stop the TSA
function of the receiving apparatus 2.
[0036]
When a time audit certificate reception completion
notice is received from the time authentication server 22
(step S34), the time distribution audit server 11 closes
connection with the time authentication server 22. The
time authentication server 22, on the other hand, wverifies
the signature of the issued time audit certificate (steps
542, S543), 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.
[0037]
According to the above described embodiment, the delay

time is actually measured and distributed every time the

time information is distributed, therefore the path delay



Fig. 4 shows a configuration of a satellite tinme distribution system
according to a second enbodi nent of the present invention. The second
enbodi nent is characterized in that thg 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

enbodi NneRbni HeCaRiirsed19f c@rﬁ:ke'z:%tedsy%h@malc%u%%eaa%%iC@ﬁ%@yst em | b.
The respective configuration of t hese systens la and I b i's

appr oxi makgliypt e t3aRe s§% chitens¥ste Mok ahh®df i1fpl carhedigrentsihsee a
Fig. 1), but a difference is that the second system|b does not have

equi pmentsafmer thharsisttiiong TiDNfier Beidiean tho thize tdees tiatficnaity csateld i te
3 (e.g. transmtting antenna, |P encapsulator, encryption server).
Hence thehk aeliaRf erimet iienF oand ttibe , deloaydlsipir deffcer et iter tdhe
generated in the second systemlb are transmtted to the first system
| a via aihgorestrhioal ahidneéhesudeh ags tlike lintrerietti candady & eaRImyt t ed
to the geostationary satellite 3 using the transm ssion equi pnent of
t he firstdisystremd aerB) v bWy sysioars nghahend ramsrdirsaism I3isan

equi prent |i ke this, equipnment cost and operation cost can be reduced
consi der aliryhefr@@4@], accordilng del ayitsi meysafent, hehieertriest rirdlo dmand on
such as the Internet, could fluctuate greatly depending on the | oad
of the neBwenkrypited aeddeliar rtilomg eidnclswdiaidg ea apetom del ayheort itee
terrestrial line can be accurately neasured by determ ning the

di f f er encefloematccont lvant bree prleeenttles, s ecehd edyistermiltly geneshat ed t he
time information (distribution tinme) and the tine when the receiving
ant enna offl stthrd badsdomd tsyst @anl ber eowinvedct-he tine i nformation, just
like the first enbodi nent. As a consequence, highly accurate tine
setting d&Asi8dering the path delay can be inplenented, just like the

case of the first enbodi nent. [0041]
<Second Embodiment>

Fig. 4 shows a configuration of a satelliite time
distribution system according to a second embodiment of the
present 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 1lb is
approximately the same as the system of the first
embodiment {(see Fig. 1), but a difference is that the
second system 1b does not have equipment for transmitting
information to the geostationary satellite 3 (e.qg.
transmitting antenna, IP encapsulator, encryption server).

Hence the time information and the delay time information



In the present enbodinment, the first systemla and the second system
| b normal |y execute the tinme distribution service and the tinme audit
service alternately, but if trouble ogpurs to one of the systens,
this systemis shutdown, and the service is continued by the other
system al one. Due to this configuration, highly reliable service can

be i”D'e@%ﬂ%%@tedZ%n[Q@éZEeEBRHYQyE%QﬁdU%EQE% transmit@ed tSNQWR a
configuration of a satellite time distribution systemaccording to a

third enpadiseert;sebnt ha Qﬁ%S%nEe&&%%@Eh@ﬂ 1kRet haubinr 8t and second
enbodi nents, a case of applying the present invention to TA, which

perfor”EIht@&n@w$tbh@U%&@ntéaﬁshh%Ee@U@btth@a§e6%$%%hgﬁgmybUt in the
third enbodi nent, a case of applying the present invention to setting

t he tlnes@EeQQQtenBeb@ahgch@@kt@&n@mﬁ@@a@@a%hua@mé@%ebfemhesflrst
descri bed. [0043] A broadcasting receiver (tuner) 4 for

recei vi ngyateat alal.i t @ oreadegsticng isharisbakhed teanansistseé cf a
contractor of a satellite broadcasting. Sone broadcasting receivers 4

have a recerigiegtr asarvatien btyntbnentusiorg BRG Obkeetien edBrogham
Qui de), but this function operates depending on the internal clock of
t he recebeerediucea idontsieletram@yof the internal clock is not accurate,
t he begi nning or ending of a program could be m ssed during
recordi ng0OERgrefore in the present enbodi nent, a nmethod for
automatically setting tinme for many broadcasting receivers, utilizing
t he sinultanedhse addegssiing offarthet eeirskist rofalsatielkl, i tsedr @adcast i ng,
i's proposed. [0044]
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 1lb generated the time information {distribution
time) and the time when the receiving antenna of the second
system 1lb received the time information, just like the
first embodiment. 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.



As Fig. 5 shows, a broadcasting receiver 4 is installed in various

| ocations throughout Japan. If the geographical position of each
‘receiver is greatly different 23 likexthis, a propagation distance
fromthe geostationary satellite 3 to the receiver 4 differs, and the
difference of the delay tinme cannot be ignored. Therefore a satellite
time distrggyti on systemlc has a function to transmt correction
information for correcting the delay tinme difference due to the

di fference in@eqg@phinedlimResist i on between the receivers. The rest
of the configuration is approximately the sanme as the system

accordi ng to tphe . fisr shoambadicait gukargenmicnkby sbhe 109kkeet nan
information transm ssion function will be described herei nbel ow

| nf or mat iars ten putT®ndissistieluticed refi ngh € of iaMe hii ko kfbidafendelbdy thiene
information, correction information and the like are nmultiplexed in
t he datapseEamt Galvieon iahea ah the Fatekl bhe keeadcashibieiaeetihen
di stributed. [0045] In the satellite tinme distribution system
| c, a dataskases fagpplstion nhd piresat anventtiba koogdcashirg receiver
-4 of each contractor is constructed. This data base stores the

appar at updrioatust hd mer @ddtadtiuig oheaeidv eimé, auadtgl Watsi ela slcadatkidon
information, correction information, and the |ike. For the

i nst al | atouan iroddte dmi ranenbeiddmeatt,on cascbefuasgelivfinithéhe present
geogr aphi cal position of the broadcasting receiver can be specified,
such as amvamnga ccode (sedde nassibgnedmeo ofathearied esectli aledk of a
advance, such as M nato-Ku Tokyo, or Yokohanma City Kanagawa), the
addr ess, bamddcatsittiode/Megrgiveude.s Tlescappadat us |1 D and t he

installation |ocation i nformati on can be obtai ned fromthe
[0043]

A broadcasting receiver (tuner) 4 for receiving a
satellite broadcasting is installed on a site of a
contractor of a satellite broadcasting. Some broadcasting
receivers 4 have a recording reservation function using EPG
(Electronic Program Guide}, but this function operates
depending on the internal clock of the receiver 4, so if
the time of the internal clock is not accurate, the
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
chardcteristic of satellite broadcasting, is proposed.
[0044]

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

gecographical position of each receiver is greatly different



24 contractor information received in the satellite broadcasting
subscription procedure. The correction information is a paranmeter for
correcting the delay tine difference.2¥he correction information
(delay tine difference) can be theoretically calculated using a
standard radi o wave propagation speed, if the positional relationship

of the Sﬂit]@“’drﬁst@eﬁy’d%%‘jg%%ﬁtdrﬁ%ﬂs%%@fdéerfr%nﬁ%et he B8estidfi-Qnar y
satellite 3 is known. Stri Ctly speaking, the correction information

shoul d bedidiharants depand neQn e 4 Gairnals, Rild the cardmetdenR
information may be set in area units if the delay tinme difference is

confi ned gs tthﬂé1 caeltan el arnddbtt e G@Sﬁ)r%fd Fi @I‘he'freﬂch:% %OrsraQ@l'lQJte
information is calcul ated for each receiver 4 and is stored in a data

base in advanGs,sthtitbidiems kSt o disCal cHnite drhe o ARG iaN
i nformation based on the installation |ocation information upon

di stri butddigddie OrirEdrineit o dortdddirediQ@dblche delakheisgstem | c
can transmt the correction information by attaching it to the tine
i nf or mat idiT frdrite delaytd it idiffAgminaen, irolgayr Al e d1r arstidianl y
the correction information separately fromthe tinme informtion and
t he del apdtweern nfler eddediverAs maEnid ared alfowte tden fdajures ieh tihe
correction information are different depending on the receiver or the
area, hergeddre maaceiw erheorsantee aar edhaMuyEtT R AECeRhd e ¢drer ediidsan
i nformation nmust be specified when the correction information is
transm t texdhodimerth donsretme irdnnmgheasdrimgpcti cghadusf,orinteer igyst em | ¢
attaches an apparatus ID or an area code to the correction
i nf or mat itomnsanics stiram sivinas. 1 dthert ltlhéoec atersentiiberd itpfmerimitd law .i s
received, the receiver 4 refers to the apparatus ID or the area code
to det er Mm@ nnfattilirs gredeimeerdiftoapuddees o Hite itrifer netficoma tared,
chooses the information. Since the range where the correction
i nf or mat idsd-acart e dadessed o, | iganradtiien Hirfommat iodianddddle like
control for each receiver (or for each area) can be inplenented.

are multiplexed in the data 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



[ 0047] If the delay tine difference included in the correction
information is At2, the receiver 4 can determne the reception tine
(reception tinme in the reference tine2gsystem) by the follow ng
expression, using the distribution tinme Tl included in the tine

information, the delay tinme Atl included in the delay tine

i nf or mat iyt rakd drhe el ra thidie diddielence Akl isaglddegdd n the
correction information. Reception tinme = Ti + Atl + At2 [0048]

Then j usthrdakR el rig lesdo R iR hr dRRIUFRCET MRfe 4 dHAMRRATI®H

t he

reception time T3 in the tine systemof the internal clock with the

time Ti +rAdrmbtAlod 1and sebsiddterdt g ortre ditterdr dd1e6k

thaged on

this difference. [0049] According to the nethod of the present
enbodi nertif fiehenpal.h delaydrardig gorrgelat tibn e@lelld e ieensi der i ng

the delay tine difference generated due to the difference in

difference) can be theoretically calculated using a

26

standard radio 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. In 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 lc

may calculate the correction information based on the

installation location information upon distributing
correction information.

[0046]

the

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

receilver or the area, hence the receiver or the area which

can access the correction information must be specified

when the correction information is transmitted. In



geogr aphi cal position between the broadcasting receivers 4 as well,
therefore an even nore accurate tinme setting than the previously
‘nmenti oned enbodi ment can be inplenented. Furthernore, according to
the present enbodi nent, the correction information is distributed
fromthe system which nmeans that the broadcasting receiver 4 need
not set 1t GRLEld M, Rf-0rRL. on dubwadvanee sy 3tee thewomldcaled
operation to calculate and set the correction information (delay tine
di f f er encglpdrs tNeuessalan Whien HRRIDHRAAGRSHdJN dJAGRINV e fbirfation,
installed, the installation and setting operation of the broadcasting
recei ver #hd % :8insliidd .ed wHQD5Me €@heictapn eatdemdiel dse> receivethe
application range of the present inventionis not limted to the
above ento@i mentes,vdiutd eaITdricltede appigeatdtars th A itous Syt eifde
whi ch require accurate and highly reliable tinme information. For
exanpl e, dhelgyeasdne iifvemii=0nreeai vier applarecdae dhe sy e osvwead i @,
control of traffic lights in a traffic system By synchronizing tine
in an ETGreysthermasers Nisysirefgrtaediicahi | idiyncaf tiHee ddarmg whesrea tkehi cl e
is passing by and tinme to capture an i nage can be inproved. Also by
synchr oniczimgpdtiinme iim fao rintagti irora rch rs Wewaye cyssteein i sadcimistesd diper@dticon
can be expected. The present invention can also be applied to systens
t hat di stwayhutiediivielued sturgsand sulerment nescedtvesealomrfdmo each
synchroni ze time anong ships. The present invention can also be

appl i ed tegead7 carsyst emflaEmegyreshr oni zing time i nformati on and
managi ng tinme of crime prevention caneras installed in a town, and a
time syncd¥ldnilzati on system of a nobile base station. Application to
a smart grid is also possible. For exanple, by synchronizing time in
a syst em whi cHfr ddds id ieniatse S ifdserennas emslanedds mdter s,
automatic readi ng based on accurate tine becones possible, and

aut omat | cauiat ian da rdesinad aaties il t ithe decaiwverasecaf drhdmmyine
a new address, for exanple, also can be handled. In the case of

nut ual | y Wi ctRcemtEiaTy Siaa e aiP foe rt idthpanitde i9e T eRce 6 idipl y
power stably, the tinme synchronization according to the present

i nvent i orf Y& e %itt%@ﬂalﬁm%.eawqw%i A gHh ddi stpifutich
setting of the broadcasting receiver was_ described, but_ the present
nvent T ork @ B S6 b ifed i e CIHE SRy dhoidftay Tine
apparatuses used in conpanies_and hones. It is also preferable that
after thé\%l fgGétdgchg bdd) Bhlahd e seriomteftii o ng Hehq jdlay
synchroni zati on of other apparatuses in a _conpany or, hong is .

per f or med- RS - DINERDS gHital G WHIRT Net widtk AQTT D o g -

Ref erence Si gns, Li st
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 Tl + Atl + At2, and sets the
time of the internal clock based on this difference.

{00491

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



[0051] 1, la, |Ib, Ic SATELLITE TIME DI STRI BUTI ON SYSTEM 2RECEI VI NG
APPARATUS 3GECSTATI ONARY SATELLI TE 4BROADCASTI NG RECEI VER 28 10
"ATOM C CLOCK 26

geographical position between the broadcasting receivers 4
as well, therefore an even more accurate time setting than
the previously mentioned embodiment can be implemented.
Furthermore, according to the present embodiment, the
correction information is distributed from the system,
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.
00501

<Other application fields>

The application range of the present invention is not
limited to the .above embodiments, but can include
application to wvarious 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. Also 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



11TI ME DI STRI BUTI ON AUDI T SERVER 12 ENCRYPTI ON SERVER 13| P
'ENCAPSULATOR 14 TRANSM SSI ON ANTENNA 15 RECEI VER 16 RECEI VI NG ANTENNA
17 TI ME AUTHENTI CATI ON SERVER 20 RECE:VI NG ANTENNA

a system for synchronizing time information and managing
time of crime prevention cameras installed in a town, and a
time synchronization system of a mobile base station.
Application to a smart grid is also possible. For example,
by synchronizing 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 FM waves.

Reference Signs List

[0051]

1, 1a, 1b, lc SATELLITE TIME DISTRIBUTION SY¥STEM
2 RECETIVING APPARATUS

3 GEOSTATIONARY SATELLITE

4 BROADCASTING RECEIVER



21RECEI VER 22 TI ME AUTHENTI CATI ON SERVER 29 CLAIMS [C ai m 1] A
.satellite tinme distribution systemfor distributing tinme information
to receiving apparatuses via a geostatsonary satellite, conprising:
a reference clock which generates tine to be a reference;

10  ATOMIC CLOCK

11  TIME DISTRIBUTION AUDIT SERVER

12  ENCRYPTION SERVER

13 IP ENCAPSULATOR

14 TRANSMISSION ANTENNA

15 RECEIVER

16  RECEIVING ANTENNA

17  TIME AUTHENTICATION SERVER

20 RECEIVING ANTENNA

21 RECEIVER

22 TIME AUTHENTICATION SERVER



transmtting nmeans for generating time information by adding an ID to
a tine obtained fromthe reference clock, encrypting the time
information and transmtting the encr&bted time information via the
geostationary satellite; recei ving means for receiving the tine
information returned fromthe geostationary satellite; del ay
cal cul ating neans for nmeasuring a recepugson tinme of the tine
informati on based on a tine of the reference clock, and determ ning a
di fference between the tine included in the tinme information and the
measured reception tinme as delay tine; and delay tine
i nformat i[@iatimarigm tting neans for generating delay tinme information
by adding, to the delay tinme, a sane ID as the ID included in the
time informt i2omataid ittreantsimet tiimd rtilve td elnays sitren ifefro khiattirdivuta. nighe
receiving apparatuses. [Claim?2] The satellite tine distribution
syst em acdordiimgdrmatd®n 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 obtained from the reference clock,
encrypting the time information and transmitting the
encrypted time information via the geostationary satellite;
recelving means for receiving the time information
returned from the gecstationary satellite;
delay calculating means for measuring a reception time
of the time informaticn based on a time of the reference
clock, and determining a difference between the time
inciuded 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

receliving apparatuses.

[Claim 2]

The satellite time distribution system according to



Claim1, further conprising correction information transmtting nmeans
for transmtting, via the geostationary satellite, correction
information for correcting a delay tid® difference generated by a

di fference i n geographical position between the receiving
apparatuses. [C aim 3] The satellite time distribution system
accor di ngt=anCl1gi muZt hahieiRimprising iche reefieet iioF drifaerimat i on
transmtting nmeans obtains the correction information for each of the
recei vi ng rappariattuses mean sf doreachinamda twhey, e veachhef ddes tageinaiig
apparatuses is installed, and transmts the correction

i nf or mat isartedriliy e, 0 ca rireeaiivirnd.rdppacativs Capaklce refctderessideg atyhe
correction information, or to an area where the correction

i nf or mat itdmec ati fife racces sethe Ja@leal iydp differEheesdireldddegaphieal

di stribution systemaccording to one of Clains 1 to 3, wherein

t he ti nme posfidrimet beytwarc tthe delcay viihge apploetmtsieen are mul ti pl exed
in a data communi cation area of satellite broadcasting and then

di stributed, and

[Claim 3]

The satellite time distribution system according 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 capable of accessing the correction
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
broadcasting and then distributed, and

each of the receiving apparatuses 1s a broadcasting
‘receiver which can receive satellite broadcasting, and sets

the time of an internal clock using the time information



each of the receiving apparatuses is a broadcasting receiver which
can receive satellite broadcasting, and sets the tine of an internal
clock using the time information 31 3and the delay tine information.

and the delay time information.



