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1 DESCRI PTI ON TI ME SYNCHRONI ZATI ON SYSTEM AND Tl ME
SYNCHRONI ZATI ON METHOD I N TRAIN 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a tine
synchroni zati on systemthat synchronizes tine between
various devices nounted on a tyain and a tinme 10
synchroni zati on nmet hod. BACKGROUND ART [0002] On a

recent train, many in-vem@% f%?@dﬁs (a propul sion

control device, a pomer-sup6ﬁ§ evice, a brake 15

devi ce, a door device, an air-conditioning device, a
toil et device, an ATC device, and the |like) are
o S NCHRQ AT | LS5 dh tPatP J&M%@‘Eé@%%@ ION METHOD

include a self-diagnosis fynekh@R performed by a
built-in mcroconputer and are connected by a vehicle
network (an inter-vehicle network 20 and an

[ -vehi etwor k) for exchanging required
|ﬁ%®%%ﬁ%03] As descri bed above, because nany
i roowgii ¢l e Trie W rease raP Eirated tWid &Lt atd ng twnidh
each other in a recent train, the inportance of tine

iSHRSTHRAT 1R G it sasdem 2hathiom e igfes He mfeedeseen
LERAT TRy TRAOGAI (I o GAAIG B P, thetebet ween
when a tailure or an abnormality occurs. Therefore, a
mparch rand za tnetrhoac tfhard .causing a tinme error in many

i n-vehicle devices to be equal to or Iower than a
predet erm ned val ue are desired. 30 [0004] There is a

dpewmduNatrdi scl oses a technol ogy for securing the
time synchroni zati on between conputer systens nounted

dP 0P Z]r ai n Gl tehaggenthd nadehndlaayy idoeehistle slegiiiais a(a
%irrg%uﬁysq(%w %Q)inzt%%i 10 l?ie%tcuao,d af %rowr@ws Jp@)'l\g/e I?i.eq}i% e2, a brake
device, a door device, an air-conditioning device, a toilet
device, an ATC device, and the like) are mounted. These
vehicle-mounted devices generally include a self-diagnosis
function performed by a built-in microcomputer and are
connected by a vehicle network (an inter-vehicle network
and an intra-vehicle network) for exchanging required
information. |

[0003] As described above, because many in-vehicle
devices operate while correlating with each other in a
recent train, the importance of time information increases,
which each of the devices records for recognizing the
correlation therebetween when a failure or an abnormality
occurs. Therefore, a means and a method for causing a time
error in many in-vehicle devices to be equal to or lower
than a predetermined value are desired.

[0004] There is a document that discloses a technology
for securing the time synchronization between computer
systems mounted on a train although the technology does not

provide a time synchronization method for many in-vehicle
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devi ces nmounted on the train (for exanple, see Patent
Docunment 1). [0005] In the nethod disclosed in Patent
Docunent 1, a synchronization signal generating unit
3 that generates a 5 synchronization signal is
provided. A contact signal ling 4 for transmtting
the synchroni zation signal to a

synchroni zation-si gnal -generated-ti me _neasurin nit 5
LD AR S e SR ot | ReBRER A7 Hekdnt
osutikdtg unjt 10 is al so provided. The
s%?chronization-signal- enerated- 10 tine neasuring

u

Q0% neashi éhe Heetthord disakped the BRM PPséedh 1/ @
Sd [.S: er at e '
S R AROEE SRR Mo R A TR, AR PURM GéMRces 2
sgyrodtioom izzd t oon S iggred ' generabvioded i meA coemtacty sigrnal line
10 counts tinme after. the synchroni zation, si | is
hRRT BER OB C AN | TRE YRR AR o Rt SSRTR U 14 11
abiadisod Nea t 1diEs fpas I feh ya 8-t ime measuring unit 5 and
synchroni zat i on-si gnal -generated-time neasuring unit

5 gyes tadtien etheon i 2at toumt eghdl-d¢replsion time counting unit

N T R TR T
tditee a4 000G Raitens mecunesd the Japeneste WHaiantthe

Application Laid-open No. H06-274243 DI SCLOSURE OF
| NRVENT N FHOEREN T BE IS0 S4TSRt SR 3 SRAENFR G data

[ ]+ Homgy ef .« ddhe et fiod; g seloses, i dhd henabays: -

Patent Docunent 1 is for performng the tine .

s3yTodir oo iz i ioon - e veelero roemait o stiste neo uruim @ duht al 0

train and does_not ,.consider the time synchronization

AT T B T Har T 2 Vah O o et 6 SRbn § h oL

nmetdrod 4ismosed dul Hai@ntp drdociieninil | 51 agptd Bk tithe

a train on which many in-vehicle devices are nmounted,

At iThe 4aga S Sh AN IS ATV B9 RjHeA L1 Qe anak-ggRrated-time
y L ¢ ui . .

TRESUG i Wy P e BHS R Bl 9 e oy

Iynchronization-signal-generation time counting unit 10 to

the obtained time to calculate the current time.

[(0006] Patent Document 1: Japanese Patent Application

Laid-open No. H06-274243

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] However, the method disclosed in the above Patent
Document 1 is for performing the time synchronization
between computer systems mounted on a train and does not
consider the time synchronization with respect to many in-
vehicle devices. When this method disclosed in Patent
Document 1 is applied to a train on which many in-vehicle
devices are mounted, at least a synchronization-signal-
generated-time measuring unit needs to be provided on the

side subjected to the time synchronization, and at least a
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post - synchroni zati on-si gnal -generation tinme counting
unit and a tinme cal culation processing unit need to
be provided on the side performng the tine

synchroni zation. Thus, there are problens in that the
devi ce configuration beconmes 53conplicated and the
cost increases. [0008] The present invention IS
achieved i.n v is.an object to

PO asevracfﬁ%ze%%r%wrﬁbf %%P%@%Fe% At P RCing unit

S e o it ¢ DN RS hish Siepadd €110f @ast | Yeddde 6 abe abtyvided
perforn1ng time 10 synchroni zation on many in-vehicle

oM tRAI EMEBing righ e, t WEANEY TREi S5 A e TPROBE S /
192 Tpﬁ?iég@lérﬂse Pﬁ%ﬁf‘n Eir?ec’ccﬁé Jﬁcge a@&Y@l atlon becomes
| eve e o

ect, a tinme synchronization system
aoonp i cur dd e tkpasecmtt 1r|tmem$em that utilizes a
@ﬂ&g cation function jn ea an inter-vehicle
n

. W RS RIGHIRIEE sl%%%?wgs SR 4 View of the
da%@e,es A d angegs | 4 raspast i v8 Yed £td®sa of irge train,

an intra-vehicle network, which couples an in 20
mm@wﬂ%@mw ANt ht Bhe t N Glrerl e%th@rd method

per %b?irr% tPeea{rspﬁ%o I#cglogrl zadl 0 tb‘ge?ween Jtrﬁi rrjbnl tori ng

adgh clofd i 0 a tthiean ces many et weleic Bacddewicddenounted on a
nmoni toring and control devices and the in-vehicle
de’d¥®; the time synchronization system 25 includes a
train clock station that is ranked at an uppernost in
a hierarchical structure and is selected from anong
tMEﬂNﬁnﬁQRNSQﬁYENﬁiRRQ&EEM devices in the train for

a vehlcle

F
ERC ORI, SR TCRT Y A

hites agicte el B0 She @wr&&m&aelmlwéwhfamm to the
the nmonitoring and control_ devices in the train; and

@%ﬁ@éti@fﬁﬂ?ﬂf@? riehatort t e 29 i STMPWH §aaton sfunction in
aded, PELIPSL LTk Lol eF RS Aot Wihitoring

nDnltorlng an
and control dev1ces arranged in respective vehicles of a

train, and an intra-vehicle network, which couples an in-
vehicle device mounted on each of the vehicles and each of
the monitoring and control devices, and performs time
synchronization between the monitoring and control devices
and between each of the monitoring and control devices and
the in-vehicle device, the time synchronization system
includes a train clock station that is ranked at an
uppermost in a hierarchical structure and is selected from
among the monitoring and control devices in the train for
supplying a reference time of the train; a vehicle clock
station that is ranked in a middle in the hierarchical
structure and is selected from among the monitoring and
control devices in the train; and a correction information
waiting station that is ranked at a lowermost in the

hierarchical structure and includes the monitoring and
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control device, which is not selected as any of the
train clock station and the vehicle clock station,
and the in- vehicle device, wherein the train clock
station includes a tine correcting unit that
appropriately perfornms a tine p correction of the own
station with tinme information that is arbitrarily

s the reference tlne nd a, messa
ge%%ra "ﬁ% gener%? %gs%%e nth I%Zo?j;e% E: traln
r@I@cﬂen@t&aﬁicﬁe and itisd ¢emrﬁcp@r¢m¢k O@Eatﬂi@fﬂﬂ&ﬁm@nthe in-
nmessa for causing the vehicle clock station to

PEFH st aplwﬂr@elloﬂ%lf@%ﬂ% CERHED Vel eF eSkaot@n includes a
St Ahd OFb 1 AGL LSS 11. 2B SE b Pl i § éé‘ﬁfoﬂﬁéfQVtﬁﬁne

atine correction o e own station based on th .
f¢¢Eﬁe¢t1nncmﬁrEhﬂ|an|sﬁan1mn|wwthn@ssagenfwzmﬁ#nwmeuhat is

mthe t clock stati.on, a ness
A LS O b G 5 AS L e e ITERRE% and & message
ﬂ@@é@ﬂlg Ilffel@ftﬁahr_e e sdedd %@e@e&on@m corrected
tlne correction- information nessage for causing the

cRfeRaneh Al ioHt WS TP B+ I IRE PRI ok R dnessage
LI CQILE0E] e %é}%cnjg@féf&ék ol 4 0f 9 ngg ';ﬂé‘rf@fﬂi | DG ime

station inctu correcting unit that perforns
a:dsﬁn‘m:tc‘mrt,ectth@meﬁld:he ol R 0s tA tat ¢ o ni rhalsede ®na t thigme
second tj me- corre on |n ormati on, nessa

TN R wot}nft RS T | B i 8T a5 9 ecta%%nt%% the own

fadeStidn Bas r&etd - H‘Eé)df N ph O SESSEGE L £ dEnat ion
second time-correction-informati on nessage are

rr@fgemwer yEranswisttiad efdrcam theriagetered ot Pertoen, 2nd a
ARSI ML [0l A D% 0.4 16, LA
sync%r% i TatT of

1 on S en1 n esen I nven

Gt e tod | 10ind Ltnﬁ:tum dvwh &aﬁtnfn ANséddred ﬁ/ﬁﬁlsla-edzcerrection—
net wor k, whi ch connects nDnltorlg%}and 30 contro

eV TR TR MRFAFE et DY I | GRETHC L 3% at i ormation
Ak Ahd WA NENI G HARtIRT ko WHE LR ERRAN the

i n-vehitle unted on each of the vehicles and
eaotredt tdre imfoinariaory veaick oontstodt deviioesludes a time
Lﬁééfé%%&né\&gf¥r%ﬁgéxberforms a time correction of the own
station based on the second time-correction-information
message transmitted from the vehicle clock station, and the
first time-correction-information message and the second
time-correction-information message are reqgularly

transmitted at a predetermined period.

EFFECT OF THE INVENTION

[0010] According to the time synchronization system in
the present invention, a communication function in each of
an inter-vehicle network, which connects monitoring and
control devices arranged in respective vehicles of a train,
and an intra-vehicle network, which couples an in-vehicle
device mounted on each of the vehicles and each of the

monitoring and control devices, is utilized. A train clock
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5 station that is ranked at an uppernost in a

hi erarchical structure and is selected fromanong the
nmonitoring and control devices in the train for
supplying a reference tinme of the train, a vehicle
clock station that is ranked im a 5 mddle in the

hi erarchical structure and is selected from anong the

ni,t.ori nd control . devices in the train, ,an .
::ngcrartétotnl r(%%“"\achflcisr e Vil hdEREEGH b i}éle%aan drcal
aft ridtawerdmsti 4 sdihetderifadif@indg tHHc inorel tidxding and
includes the nonitoring and control device, which is ,
fomn st le et 88 ddy HE oiraife R9hisiRRoCR Sttt EaRre tine
tolke t\heéﬁl e:an,l %C%ﬁ'aéﬂ{%lo@@%géﬁdm't% Cilse rdaE}Mié‘(f in a
are set. € 'train clock station appropriately
peirdddraTsl ra tHeméh icoramdtiicai oft tuves wown sstchtiisorse iatted from

AT TR A A PR AE 88 i, anc

td ne e GOIdre Gitr fy it itdie vt iStAtd ot asathon i fddrfited at
time- correction-infornmati on message transmtted from

tthe aweginp st |ige K i drliegmrdricalhes tavtqtents gind includes the
i nf ar.naf.i { t] t g | erfornyps .a. tj

gg)rnget[cgﬁ‘{lél oa;%l hdecngc\/\%osls,?} aét"iq(r)&r(leo’ba‘f);hgﬁ olﬁs ari ds?gcsoenlde cted as any
td fire-teorreditd al-da¥ aruwticon ares sage vahains™ tdledcRGtation,
fromthe vehicle clock station. Thus, the tinme

FSniFsviedi Shig Iﬁjervelﬁ?e(ﬁre( (?eﬁta'ny The Jdiiid} £lock station

%gﬁ%&iarmq} ek b e d rain YRR i Easid Ystation
and reliably. BRI EF DESCRI PTI ON OF DRAW NGS 25 [0011]

MiGh Ttiime ardicagradrhan Itstly dits kel tedtraidat iabtained as the
configuratian of trai.n an i C ni,t.orin :
c%%e 0 N evittes & eatveﬁlrloc\cllied\gétiéj C{](l S astylr?c onrlafgoa Torr time
fanatddan o & f rMiNtcath aseidmedseare odirsntt iofe -

the present invention. FIG 2 is a diagram _
REEES SR TRICREA L ER gﬁ%ﬁ@%&r@nw%ﬁﬂné&%ﬁhe train
caniy 1 llod, N AP UHLIAG AR O el i Sy Ay
provide the tine synchronization function according to

thten tpirces qutr ferrped iareriime FldBrel-tiiom ofi ddreamwn station based
Igglgﬂgé¥361 g?&éiégé¥é¥g¥gﬁ¥¥nformation message transmitted
from the vehicle clock station. Thus, the time
synchronization with respect to many in-vehicle devices

mounted on the train can be performed easily and reliably.

BRIEF DESCRIPTION OF DRAWINGS
[0011] FIG. 1 is a diagram illustrating a schematic
configuration of a train on which monitoring and control
devices that provide a time synchronization function are
mounted according to an embodiment of the present invention.
FIG. 2 is a diagram illustrating a configuration and a
connection condition of the monitoring and control devices
that provide the time synchronization function according to
the present embodiment.

FIG. 3 is a diagram illustrating by a hierarchical
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6 structure a concept of the tinme synchronization
function according to the present enbodinent. FIG 4
is a block diagramillustrating function
configurations of a train clock station, a vehicle
clock 5 station, and a correcgion information waiting

station. FIG 5isaf|ovvchart illustrating a
pr.ocessing fl ow of correctl on rocess y.
BB ot TN ShAERRTR i ton

tdtfcmlrrﬁ;ctucortheﬁfplrd@émoremmma}g: station. 10 FI G 6
is a di a%ram explaining a deviation of a ti

cor r ecti%n dHeh 3 RS A i_gam ple]r-"t‘b'ﬂ:rcﬁt%{lq |§H§’Ctl°n
%rfﬁ%tdrqjcldr{g el 't%lfFFSélm t@catﬂ%ryem cvl&lcc!l%;kclock

station and a transm ssion period a time correction
igtfedrimat,i amd reessagedtolan Jll’TlerEltH@lCel deaii Iwen arst atmiden -

differ . = 15 EXPLANATI 1T RS OR NUMERALS
[00151F 0 h 21 TR o 2 ARG TR o £Low
¥ 14D ridid dtd N S Din ) Gthe kordNade- dawm cecabion,
Controller 17 Transm ssion path 2la, 21b Converter

e yehd e S Shated s @it dthoorradmdteiohddd ggnation
%' aldqn goentrol device 32 Power-supply device

rake control device 30 36 Propul sion control
devi ce&IFA0 Aiirs corddidgrem rekpdeviircieng 42 deMG adeivdrceof a time
correction when a transmission period of a time correction
information message to the vehicle clock station and a
transmission period of a time correction information

message to an in-vehicle device are made different.

EXPLANATIONS OF LETTERS OR NUMERALS
[0012] 10 Train

11 Vehicle group

12 Automatic coupler

14 Monitoring and control device
15 Node device

16 Controller

17 Transmission path

2la, 21b Converter

23 to 27 Serial line

28 Operation control base

30 Communication control device
32 Power-supply device

34 Brake control device

36 Propulsion control device

40 Air~-conditioning device

42 ATC device

44 Door device
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44 Door device 7 46 Toilet device 48 GPS receiver 50
Train clock station 52 Tine correcting unit 5 54

Ti me-correction-infornmation-nessage generating unit
60 Vehicle clock station 62 Tinme correcting unit 64
Ti me-correction-informati on-nessage generating unit
70 Correction information waiting station 10 72 Tine

corre nj t_.BEST MODE(S) FOR CARRYI NG OQUT THE
4Ié/EI\IE:IIIIO(ﬁ%%{ OJf'ﬁ kenpl ary enbodi nents of a time
synchrapy zadddOiRrersystem and a tine synchroni zati on
net hod according to the 15 present invention will be

er')@pl aiTied 1 Flrtaidtadeldw with reference to the
present invention is not
[Tm {TP% tor):gﬁq%ﬁ]{}gan nghcgnbodl ments. [0014]

(5&ﬁuﬂﬁnma:d&rﬁaqpuanﬂxnfqﬁmdﬁznnrmﬁﬁﬂaqy'@anarating unit

chr, nctlon) 20 FIG 1 is a diagram
A Lt et

ust'r %o%onfiguration of a train on

Wﬁ}Chmﬂﬂ@tdafﬂgbﬁyﬂb(nﬁﬂﬁo| devi ces that provide a
time synchronization function according to an

éﬂbodﬂrmﬂ Ctﬁrrtehé:lmrgsiérﬁomﬁﬁemr}-@rﬁ%ﬁ@e R ing unit
I
confl gur erga yoo\ggu rﬁorl:#én%tl\]/ce Svc gr{rbo% 16%%5

mmHHEM$mmméﬁmmhmmmmclegmmp112
(Married-pair 2), each of which consists of two
vehi cles, via an automatic coupler 12. On each

it o ()herdit RARROINATRAIT OfE At To@ T O
devi ces 14 (14 1 and 14-2) are nounted, each of which

3001 udeF xenrdde i ks inNodey o5 ahavingy syrsitgielization
SN HiR (1 SR8 ] AT e P co ene
foregidran 1arﬁfeeftde1g Wid 1t e explained in detail below with
reference to the accompanying drawings. The present
invention is not limited to the following embodiments.
[0014] (Schematic Configuration of Train having Time
Synchronization Function)

FIG. 1 is a diagram illustrating a schematic
configuration of a train on which monitoring and control
devices that provide a time synchronization function
according to an embodiment of the present invention are
mounted. In an example shown in FIG. 1, a train 10 is
configured by coupling a vehicle group 11-1 (Married-pair
1) and a vehicle group 11-2 (Married-pair 2), each of which
consists of two vehicles, via an automatic coupler 12. On
each vehicle of the train 10, monitoring and control
devices 14 (14-1 and 14-2) are mounted, each of which
includes a node device (Node) 15 having a signal converting
function and a controller (CNC) 16. The controller (CNC)
16 has a time synchronization function according to the

present embodiment, a function of controlling communication
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present enbodi nent, a function of controlling

communi cation 8 (communication in a train) in the
vehi cl e and between the vehicles, and a function of
managi ng a state of various devices in each vehicle.
The nonitoring and control deyices 14 nounted on
respective vehi cl es are connected via 5 a transnission

ne 17 to confl ure jnter-vehicle n TN-1 an

TS R LA LR L s AR P ELS Sarly PO LR ehe
rkﬁélv\ﬂfi‘eskﬁ e 4 redmcdlon | Of ereayBiig Ch est@e of various
intra-vehicle network (CN) that is different fromthe

i FREFCRBhIE | Rt kEe i s T mReR1dPr 5Ny MR- GRnFEPE
Ry (pd e SARDREHRG Oyl Nl fds VERL Sedimected via

N1 and TN-2 ers 16 and
tdhet rovsn desd gresl e 100US] codmt FGre Timnelr Fr€hi@le ondeworks

e ned 0 Ianatlo ven f train
L e B L A idhad Yo s Sl D pestem
GaCiv&OnSi St g ©fa i1 vehi oh esa did Ash B €XadP| Bitra-vehicle
however , the time synchroni zation device and the tine

sr}/&ﬁ'émlt}ﬁu i odhatet Fod bkt hof X@n tHee pilsetvehicle
.tl§afb ec?ppl’#l’?lds %% OYeMéfé %&%%19“(@1@

by “coupling a urality of e groups eac
consissttied) tof tahemmgiear-v\esthntlee rAétsmr]tme (RYyst eand TN-2) via

nf| uration i s shown_ as |l e whi ch the
éﬁ PEH THeE et r@%g(ﬁﬂ$]. r%% iﬂe node
dﬁ)’OfB?}S 15,1 angrd hey co roid ers d6 pe ee G]méd/%@I@w,

however, they can be single systens. [0

(e&mlfargarrmn ors ofi Wi f@r i andt manich Gomiguryjkee)coupling a

%ﬁﬁ a q‘.e CO{lfVI_ quC td onr aunds tehae l'g:onoq'legtslton Oﬂg t}vlicgmve icles
% nDnltorlng afid contTol " devi ces ar explai ne

vdd har Qi}&inqmc‘é} tiowdver 2.tHd Gimk isyreckit@gi@&Mion device and
illustrating the confjiguration and the connection
O ftimsh DM GO It k0t INRF AR aGRFDINHRR dde thigsent

gl f r
PRI LT SHEIOD A ki o et

rmoniglomaqg aaﬂmmmmloﬁjemme:lel@nMwmm quooeisting of a
QSVI%e vehléﬂgt f rnB 9 %ﬁgyggg% égAflguratlon is shown as
an example in which the inter-vehicle networks (TN-1 and
TN-2), the node devices 15, and the controllers 16 are dual
systems; however, they can be single systems.
[0016] (Configuration of Monitoring and Control Device)
Next, the configuration and the connection condition
of the monitoring and control devices are explained with
reference to FIG. 2. FIG. 2 is a diagram illustrating the
configuration and the connection condition of the
monitoring and control devices that provide the time
synchronization function according to the present
embodiment. In FIG. 2, the monitoring and control device
14 includes a node device 15-1 that forms one of the dual

systems (a main system and a sub system), a node device 15-

2 that forms the other of the dual systems, and controllers
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systenms (a main systemand a sub system), a node

device 15- 2 that forns the other of the dual systens,

and controllers 9 16-1 and 16-2 that are connected to

t he node devices 15-1 and 15-2, respectively. The

noni toring and control device 914 also has seria

lines 23 to 27, for exanple. The serial lines 23

(23-1 an -2)..are connected to the omatic,5 . _
c%%pfea}néljzlz%n% 1_p}}“"ot\/i e an 1n cetf?%c%of@?é per(%éor%g%lgces 15-1
COTAUIS €31 | Bfspéd i ey NOdEh dlavd e of i ndiearadlj @ésettol device
ot her. vehicle group via the electrical contact of the

aft AP e i el 1binahee 36k o 74 i s opRke 1 afee serial
245 s PZ?V{??—?%%& priace £ oo LI Y the automatic
conmuni cation with the node device 10 of the other

vahigler | 12 tdred samev vddi at el mreupa cBofdw gfer fdvemi g e

conponents,_for pravidi ng one connuni cati.on uncti.on
R TR ASTELT b s -TSTTaA ¢ hetipr I TqpC other
ansh It g v Netvws kKd1e ridel atdetradansle e automatic

serial line 25 provides an interface for transmtting

cpriRkenlA5 cOM ratriak obies ot (ke andt#dcd) gprovide an
r . ope .
Pl 100 TR, o S A0 SLRLEL 05 1 L BHL A4, aevice
Thie tder i@thd it me=i2tc pr o dedse same taeii@be Josup he Bode of

devi ces 15 and the controllers 16 erforniqg, ,
SR T T OPRRTIES e dATHATRE ot SuIaigation

Mo ROVESn e serdiidvd 1dees &/ pE Vi hesr afe h b B fradevd Os (TN -
perform ng conuni cation with the in-vehicle devices .
Hnandli T2 poveim sNgppier idevi cn 3he otrek enanshi ridre serial
Vi C 34, a. propul sian ntro Vj G .
ARt oh R A AR o T AR Bl operation
camt ] (A rsevi e dalee 2nhslonictdien ceraide antbmmation,
toilet device 46, in addition to a conmunication .
GHHE rRCHRG (L B R Tt F NI 12, 2 10T les@hifpl e thike to

& O 2081 HETc B r e Sed al #HE &4 d AGES Bffe 26 provides

conponents for providing one conmunication function in

tare irabovieckesior Bt imda-deshicde Ifetawt ki{Cor@arollers 16
B%%%@%éginéxé é%ggnc;¥¥%ﬂuﬁ¥%ﬁkané¥§heE%f%fggh:%¥g%§go .
Moreover, the serial line 27 provides an interface for
performing communication with the in-vehicle devices
including a power-supply device 32, a brake control device
34, a propulsion control device 36, an air-conditioning
device 40, an automatic train control (ATC) device 42, a
door device 44, and a toilet device 46, in addition to a
communication control device 30 that is connected, for
example, to a GPS receiver 48. These serial interfaces are
components for providing one communication function in the
above-described intra-vehicle network (CN: Car_Network).
[0017] The node devices 15-1 and 15-2 are devices

independent from each other. The node device 15-1 is

connected to the serial lines 23-1 and 24-1, and the node

device 15-2 is connected to the serial lines 23-2 and 24-2.
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I ndependent from each other. The node device 15-1 is
connected to the serial lines 23-1 and 24-1, and the
node device 15-2 is connected to the serial |ines
23-2 and 24-2. 10 An HDLC signal is used for the data
transm ssion between the respective node deices 15,
and an Ethernet (registered trademark) signal is used

for e.dat a t ansni ssi on bet wee the node. dev

U 10 Sidhal S U PRy P HE o d D SRR S5V dfueen
pﬁeesems;eem@mér&mole ldtem@kerls,o aﬂ&ﬁf&ﬁ NEt Iod B © amkglstered
reliable communi cati ons between the inter- vehjcle

rretmﬁm@rlﬂn wra;ahl dsigied BRI nthel it SSigharetween

r [
mh a SI na vv| g}ﬁ?at [ vg?aﬁﬁ‘gihf%%m? %lb,l% %Bt(a;/mple
fl@asg] 10 the sl tkseTte dibodichentes tonvederrso perform
( 2la and 2 that forn1S| conver si on
(R, bk s commrtar ot R R et s
&f&lfc,llté %Mrlﬂ,eeﬁthﬂlﬂﬁl aiJf@l\/gr@kEﬂ witR hee B givdly low

qual i y is less of a problem In this case, a signha

ofig scﬁ%%l%ﬁfbt%wscaﬁfﬂcbet%e@?@ VehiGke gfyprk, in

(Ct;glﬁceéj}3 W &]gtdr}l Iftw@l oni zat |36n Jgﬁnng%%n% Ol\é? lity lows

mmmxnndeﬁdéWEEélh@ ﬁ@@&ﬂdexnamnvemtérnuﬁ@@ﬁv ) izla and 21b
lained with reference to FIG, 3. FIG is
iy R TSR FWE W SIS Q}%i&ﬁ&%ﬂ%%

GRARSREr OftHde Chd B SYNETY I3 119N3 Wt ided to be
accordlng to the present enbodi nent. [0020] Wen

perdordghdgt § Hehe | oy ctitani Rationgsmef oh problem. In
[of0) rdln to. the present enbodl e
ac% % sqe Oaa r%rf) f f] ggﬂ{ot%e cgaergekgénlpseéjd for

posSI |on an e correspon position are

Ihassdgined 1indhe23mamd A4 nghdnthe adrid 1l deMieess 14
|n each vehicle and the in-vehicle deV|ces see FIG

2)0%othect ed-OtER e Ironimteo rs Yif P ot F ot Fickn)
14. Spgsid i cald ycor{&opt! her M Lo DG ANch S S ion function

deV|ces 14, a positi of a train cliock station
(ip7 ieverdaisted ivwi)h reafkeacerate tte FIG. 3. FIG. 3 is a diagram

illustrating by a hierarchical structure the concept of the
time synchronization function according to the present
embodiment.

[{0020] When performing the time synchronization function
according to the present embodiment, a predetermined
position and a role corresponding to the position are
assigned to the monitoring and control devices 14 in each
vehicle and the in-vehicle devices (see FIG. 2) connected
to the monitoring and control devices 14. Specifically, to
the monitoring and control devices 14, a position of a
train clock station (primary station) ranked at the
uppermost of the hierarchical structure or a vehicle clock
station (secondary station) ranked in the middle of the
hierarchical structure as shown in FIG. 3 is assigned.

Moreover, to the in-vehicle devices, a position of a
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30 uppernost of the hierarchical structure or a

vehicle clock station (secondary station) ranked in

the m ddle of the hierarchical structure as shown in

FIG 3 is assigned. Moreover, to the in-vehicle

devices, a position of a 11 aqqrrection information

waiting station (tertiary station) ranked at the

lOV\Breé)oJ:SsértlIfr?fg{‘mg{]lgormﬁﬁrar?hécatl:a ”“"Lt“erretls‘? Sst,]ga ion)
i s assigne €T eT’or € en t poSI

ofamt@jta@ltrheelmd«eﬁtp@w@m@ &S St iga el & Pa Otei Sal structure

nmoni toring and control device, the position of the

vahi TN ikl Gt af | b 235 BEREGneTRITEHR? enth 87 nghe
%f@fw%@%e cgfgm' c A8V C@@att,i)or‘{vhi§ L HEGROSI L4 O('Slne

the train clo station has not been assigned,
tmmnkamlmqnamﬂ tdret rebraecicon thécpwmﬁtanvwﬁttm@ vehlcle
tion is assigned to al he in-vehi

T e ARt B o T don e P L iy toring and

dﬁyn@ﬁﬂ d&eL @ositd onsi e el lp®did hen te /i th€l ©€Kin clock
station (primary station) and the vehicle clock

sﬁta%‘ijd?fl H%%m@d@@efst%ﬁﬁﬁf)e%f ea%féstifg?]éépf’ebt%% of the
V, t e

e I Aot Il RS Sl IORBORAAN a1
reSuhe ofn-assh gni engdswiode s pmmecmmd t dn et Foo moeni tat irogn and
bet the train clock statlon ri ry tation) and

TG G gty e ALt AE AR e Pa i CLock
p.@dafi@fdfﬁd it End e ddH e srviehdkd ech@e\;émd@e (dMck aftchtion
t he connunlcatlon between the train 20 clock station

(RpMALY sttation)) awe taws koreecie ome indoitetinn and
}’%de& rnc?lr &l é’é“ {d %%1:1\%}{ {trtec%% | S]cPfrgrPé Ml s V& ok

a- ve icle ne

acapiabliead ederones Digridie. CaM rapldegutb-df Ml grithg such
controller 16-2 included in the nDnltorlng}and 25

Bt ol Oty i PRI GV BLIHET it AT Heton
ANt iddif MohinE] 8, WGk SRR tHd U 1680 ANYs Ui on

of the controll'ers can be the train clock station
arfamdary stetiicire cloge statniazh. vikort rex anpl e - vah idilee

%é wofpun&%ﬂt and the communication between the train
clock station (secondary station) and the correction
information waiting station (tertiary station) is performed
via the intra-vehicle network (CN).

[0021] It is acceptable that one of the controller 16-1
and the controller 16-2 included in the monitoring and
control device 14 functions as the train clock station and
the vehicle clock station. 1In this case, any one of the
controllers can be the train clock station and/or the
vehicle clock station. For example, in the dual redundant
systems, the controller operating as the main system can be
selected, or the controller operating as the sub system can
be selected for distributing the processing load. Moreover,
in the controller 16-1 or the controller 16-2, when the

controller 16-1 functions as both of the train clock
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systens, the controller operating as the main system

can be 30 selected, or the controller operating as the

sub system can be selected for distributing the

processing | oad. Moreover, in the controller 16-1 or

the controller 16-2, when thejpcontroller 16-1

functions as both of the train clock 12 station and

Lhe, vehl cley cliock st ation, dhe Lol erpd e isiier 16-2
as n ing

positione e correction | ormation wal

sisatpasi t 14rP 2] s (Kperadt oscthbeediofordma®ion waiting station.

Sﬁychronization Function) 5 Next, the operation based
0 el

drel ti mel QRAVCHY T 2R T%h O uhet$ oY TSNP 28
Widet & prence to FIG 4 and FIG S FIG 4is a
bl ock diagramillustrating function configurations of
t he t re»t cltdok aopertdtoimn thesackhire| Bhe ct ook syathoenization

d the correction information_waiting 1 atj on.
A %S FPR e TR TR T el Fhd g -
H1d ] e 10y eStd O Praeessi 1 it thei dd afun et sk
station, the vehicle clock station, and the correction

i FA AT QR 19 hd e dran (ouRg|statian, dme rehkd@le

cl Qg S%taéﬂi%l, 'aﬁqéeér?&g?&ﬁé%jléé det S5 ngsh Tf oM i n
anong t he nDnltorlng an control devices In the tra
(Staapidrl) . BNext 5 de & vielvwdhed ackl st tatatoinlg is processing

sel ected and determ.ned from among the nitorijing an
I T daie G D VAT S ity g o ST e B
ek i atd e iH@ins didex IO, thy/ithd e R tion

receiver 20 48 (see FIG 2), for exanple, and
perfomat tdmevaddrinetit@atisini tsel f with the obt ai ned

t%d@zgf’ a rEeifresrtenco% { i'@rai-rrpecilotcrl?iglc%céioo%' Sj%saté.eoﬂacted and
generates a nesdageeiherelnaf er, Tetérred to as

"dd tteatm itri g - it esddran-tHYe aiorait i messapgeigntrol devices in
including correction informati on necessary for the

tGhfe tﬁ%r@%ﬁﬁ ont)and I\{er}%Frrsrﬁr}es 'i‘felfléz]t%é:]\% dtation” is
DS A RN e et e B r o MMt R o&?essrﬁd}giﬂa&ing and

performed in atinme correcting unit 52 an

tdargmoor rdectiiaws iinf arawdt ivehicle (Step S12). The train
clock station obtains time information via the GPS receiver
48 (see FIG. 2), for example, and performs time correction
of itself with the obtained time as a reference time. The
train clock station generates a message (hereinafter,
referred to as "first time-correction-information message")
including correction information necessary for the time
correction and transmits it to the vehicle clock stations
(Step S13). This processing is performed in a time
correcting unit 52 and a time-correction-information-
message generating unit 54 in a train clock station 50 (see
FIG. 4). Upon receiving the first time-correction-
information message from the train clock station, the
vehicle clock station performs the time correction of

itself (Step S14). The vehicle clock station generates a

time-correction-information message (hereinafter, "second
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nmessage generating unit 54 in a train clock station 50
(see FIG 4). Upon receiving the first

time-correction 30 informati on nmessage fromthe train
clock station, the vehicle clock station perforns the
time correction of itself (Stjegp S14). The vehicle

cl ock station generates a tine-correction-information
nessage %hereinajte% "second 13 " Cfing to
£ T HBS CoPTEET Fhrl T R bP e T O RS E833%) ) 1 6P ¢ FAARRT EFAGY
tPhe t BEr £0E £ L6 | DRE O AMSE 1B | WAL VBLY | BPaBiéhbOARdaddansmits
transmts it to the correction information waiting

sttt Fonshe Stepreatyn IRfrprbiesyagtidperebi ARl (AteP

asiéﬁ? 0?ﬁf§9§£88e$%¥ﬁ.tigzp@Pgoﬁmed in a time correcting

tine-correction-in tion-nmessage generating unit
6dnin @2 vaid cé et Theckostatt dDonbOnfeematliGr-md¥ysadpon

| Vi th d, time- tion-jnf ti
RLREES THoniThe VohtRl® EFGLRIS1GIPoh, Sthe  CorrBcf?eh FIC-
| pf Or Nb bR Nr &G 1 ¥ Ny Stiaé | SEcHRA f O1MB-EHErééfBon-information

correction of 10 itself (Step S16). This processing,
iBepRRIQOr een | pthe Yehecleorkeeki pigatihen, 7Phe ncarrection

c . Lt o bl . .
SSRGS Olon T ATFRIG X0 JEL b W SESHHONCHD LBRE Cotbecgion of
Sepsl S18Step HAbBo) s rEpeateroatsaicgnss aperfpemeéddin a time
Thus, the tine correction with resgect to al

| of 15 |,
tFRELRITHRY Wb ntf cHock FURESFohopr BREATMA T PheWat bt Ao

| Stat £ 86 | ysoer s Mgy | [ Op2dled Ardhe @ROVErocessing of the
processing, the correction information included in

tdeo ¢ TRRe Tl oeed | Drep if DY Irat ¢ ol 6 nes seefecateadisat ta2 egonstant
fromthe train cl.ock station to the 20 vehicle clock

KA l|‘%§tﬂn' artf Ve et K0T r 62k Font 1A oV hBl i BR°PRessage®t of

tited sde & 1 sk friomidiec vedik cten€t Dok Stesen 19 the train is

correction information waiting station can be any

i RS BrPeelPMRAas it is information with which

{60241 ™ CA T Bed | B, FAL RS ORLT 0f B O AL LLSA Vi NG
side. As 25 the sinplest exanple,"the reference tine

i irsed fmataiohel nd Twahesari i1t ethe time correction information
message transmitted from the train clock station to the
vehicle clock station and the time correction information
message transmitted from the vehicle clock station to the
correction information waiting station can be any
information so long as it is information with which the
time correction can be performed on the receiving side. As
the simplest example, the reference time itself can be
transmitted.

[0025] Moreover, in the present embodiment, as time
correction and generating processing of the time correction
information message performed by the train clock station,
an example is given for the case of using information from
the GPS receiver; however, the time information obtained
from other than the GPS receiver can be used. For example,

the time information obtained from a broadcast station, a
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[ 0025] Moreover, in the present enbodinent, as tine
correction and generating processing of the tine
correction information nmessage perforned by the train
clock station, 30 an exanple is given for the case of
using information from the GRZ receiver; however, the
time informati on obtained fromother than the GPS

recei ver. can be used.. For exanp|e the tine

i nt Jr?mﬂ%ﬁkbb‘?ﬁi Wi +16m al%?%éd%%ﬁ?r‘&?*é%?%n?r%mﬁ not-
raglbwn Gh&ekal Oinphe dékEee] NPHE RHEOT TR | @8nfHOMiSed.
not - shown nmanual input device, and the |ike can be
uk@RE 6] [ 002BRr g ¥RRFeDr &) ¢3CRaRFOPRDTERS| 9f BlRet fleove-

qp&!@ioﬁ@cﬁ‘té@é‘ﬁg %I?Péné@l?ﬁdtl%ﬁpef?gd PSFI Ofafimitting the
transmtting the time correctiom rntormati on nessage
ftome tderteat ol Dekormsdat vroméosdde Fedmctiee ctogkn clock

station and the perjod of  transmjitin he tinme |,

GO GRET o i THor Fei b n%%%%l@es"f?aﬁnt%%é VERF PR EPACRE

st Bl h S £ O1 AL KO BRd | O F &EOL SR PFo ri@ L bR UnSE R4 dONF rom
are the sanme; however, these periods can be 10 made

dilt¢ evemic¥orckeducitrt idvre towiir ofrrestiersitfonagion
int i n -vehi ¢ or_the intra-vehi .
o VBSOSl Pl Gie Ry figas can be
frade edlief aweritef ot oasdi ddiet vehdmd ent€| Of kmsé Sddg@$. flowing
[0027] FIG is a diagram expl ai ni ng. a devi atjon of

6 H
tHe the J_tri“'r%r‘c‘b?}?jé%]t? &PWt%_W%n’s@ﬁ%%TWb%W oRetwork
Ofed e 1 1By, COId eGH QI JH A TRIAONIBSSa9E £Or tA&ucing the

vehi'cl e clock station and the transm ssion period of
thead iore e reghioke ¢hdot netatoiomessage to the

c tion informtion itin station are de . .
G Mo St it i 4R R ELTREE dBigasion of the
Whingd) dd¥erd d s visd o e e rd 10ch i1 4 d¥eort | Per i SPrd L CERd Nt ime
information nessage to the vehicle clock station is '
1P TS FnicPTt i R LA X% i 36 JRI§ deP dfhe Heehige clock station

CHILS VAT YR e Uf, USRI Eey
HlrGofattiwen tmes sagd ook tdatdarrdatainsm trsfddmation waiting
station are made different. More specifically, a case is
shown in which the transmission period of the time
correction information message to the vehicle clock station
is 10 ms and the transmission period of the time correction
information message to the correction information waiting
station is 100 ms.

[0028] In FIG. 6, the train clock station transmits the
time correction information message to the vehicle clock
station with a periodic interval of 10 ms. In this case,
the deviation of the time correction between the train
clock station and the vehicle clock station is a maximum of
10 ms disregarding the transmission time (the transmission
time is short and therefore can be disregarded). On the
other hand, the vehicle clock station transmits the time

correction information message to the correction
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time correction information nessage to the vehicle
clock station with a periodic interval of 10 ns. In
this case, the deviation of the tinme correction
between the train clock station and the vehicle clock
station is a maxi mum of 30 10qmws disregardi ng the
transm ssion tine (the transmssion tine is short and

t e. can _be di sregarded). . the _other hand, the
A Rt TOTERER 1R Berlo TR PR Fgnd o 100
imd Or NBit | O SIESSSPE tive tev Lt 1SCLOONHS timé OkdBEE@PioN
waiting station with a periodic interval of 100 ns.

IPPEHFEN cBlRe, VelrbcHRVFBeFlons it 1o andetlkoreeereehion

b&L & £ 116n e € £ C Ogk; S af & o pnd; fhe §Pr (86’%9”
information waiting station is a maxi numof 1 ns 5

di 5% eepa i ing tthee t T earssmsss bon tiine . Cobsespmpudhtylyt hehe
deviation of _the tinme correction hetween the train

c eo‘éjreatjs?‘ét?%ntné%dtjt‘ﬁ% %%??%%E%%%%?%?%t&b% e 1T niglock
gt Oh i Snd tH@XdSRHe Of 1 JIrl 0 ivBo krral¥itd00)a i theg td Bt ion is a
deviation of 110 nms is the maxi num devi ation,” and the
deAXirunt i e Heired | onl @0 Q)0- belhauppkress staiv tak ben egfual 10 ms
t - ] y r rf.ormn he

e P B S Tt i S A SRR Wl frien can
therss updfesent ;o the aumiertd ioe (adyr thare)l,1®md hey

li ke needs tqape considered in the tine 15 correction,
irceqlélap‘g‘%il?ﬁ GRSt e $9TRE Corde @l oh constant
iggordmt i on message to which such information is added
on the transmtting side (train clock station) and
trGshi t i tWhenvirhepveime jdiffe rdrsre podsd Huenter time (day

. ' f. [ d \ |t .
i iy TR ey o 96 P oo it gk, T ime

aad reredteyi df Qrtmeitd Pos Al d (e Iddee it d e 1EiGRI Wd¥Wrection
side. [0030] As explained above, according to the tine
11P4 5 SRR A iR ighe sirdsdmt iQFerits agded on

Q@Wa?@&dl%f&w(‘stl'd%n (it'}a%q{“Q:lq;cl@rétia@i%rf)veamodteransmit it.

net wor K,
Moreover, it is also possible to transmit the reference

time and convert it into a desired time by referring to
area information, calendar information, and the like on the
receiving side.

[0030] As explained above, according to the time
synchronization system in the present embodiment, a
communication function in each of an inter-vehicle network,
which connects monitoring and control devices arranged in
respective vehicles of a train, and an intra-vehicle
network, which couples an in-vehicle device mounted on each
of the vehicles and each of the monitoring and control
devices, 1s utilized. A train clock station that is ranked
at an uppermost in a hierarchical structure and is selected
from among the monitoring and control devices in the train
for supplying a reference time of the train and a vehicle

clock station that is ranked in a middle in the
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25 whi ch connects nonitoring and control devices

arranged in respective vehicles of a train, and an

intra-vehicle network, which couples an in-vehicle

devi ce nmounted on each of the vehicles and each of

the nonitoring and control deyces, is utilized. A

train clock station that is ranked 30 at an upper nost

A hiararenical strycture and.isselecked, Lrom cne
ong T h YRy ERPRdnt ¥ of FA™t HECTY alh

fr@cﬁnﬁttpzpiryg nghd@ ¢&herenceetiaces ointh@ett@aﬂn afifle aset. Other

vehicle <clock station that is ranked in a mddle in

t ¢V 1GSS A ER o3 hi 3% 2 TP EOAntN fQrERt BeR cie ik bpy Station
f@ é@tég'ﬁgl@W@EﬁggﬁrPﬁ deyigesripchesirat Pucture.

are set er devices are set as a correction
|Tﬁ®rtuaa1rom1/mlt [ s@asim [ appmzbuaiatsly amehueﬂoms aa time
Wer nost argc |cal structure. train

' The
FERREHET G aEEvooh (it y RS £ A g Tt 2

Cors Bt d o Plovt Sehdd Whd htﬂié nfefé‘f&ﬁé@ttﬂﬁé,t hetie i $ehicle
arbitrarily obtained as the reference tinme, the

vekr el estat ek ReBEQIRS p%r'fFEF@rBC%rW%l%T@)erecﬂ%%l%fbased on

| 4 S fsbasah « o@orxaedé{l%c?r# 114 ﬂg&;{&?txﬁé’ ci@ Of FBLLON: teq

nmessage transmitte rain clock station,
affucbrt hehee orraid | @rock rﬂmtﬁmpmmi thergest ad ¢ toion

per f or a tinme correction of %self based on a
CARAT s Sl BT+ OHd REA T R T Bhi Mheb i Cofrection of
L s tdesbd roin 4 hee vt of Bl QSKr &EBE 100 n AbMSa t 1 dhe

time synchronization with respect to many in-vehicle
T8 A © esr aroimt e dnf 1dTe theai velveml heceek ovttgion.  Thus,

I n bI 031 Mor eover, .according t
T O ST T TR T G h Penice

eld0ict '8 Nl uret & BRI N oAt 1 104 d Ut 11880 pé 1f ededd oéamy and
i nter-vehicle network, which connects 20 nonitoring
¥ol devices arranged in respective vehicles

‘ﬁOGBfrE”'LMéyg%ﬁﬂk"Héébﬁﬁ%ﬂé%ﬁ%r%ﬂé“!fﬁeV%yﬁghronlzatlon

coupl'es an I n-vehicle device unted on eac
vetitgl e siranthe qute sfntt enhinart ng arahmoonteaotion function
%%“ég% Aﬁsan inter-vehicle network, which connects
monitoring and control devices arranged in respective
vehicles of a train, and an intra-vehicle network, which
couples an in-vehicle device mounted on each of the
vehicles and each of the monitoring and control devices, is
utilized. A train clock station that is ranked at an
uppermost in a hierarchical structure and is selected from
among the monitoring and control devices in the train for
supplying a reference time of the train, a vehicle clock
station that is ranked in a middle in the hierarchical
structure and is selected from among the monitoring and
control devices in the train, and a correction information
waiting station that is ranked at a lowermost in the

hierarchical structure and includes the monitoring and

control devices that are not selected as any of the train
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utilized. Atrain clock station that is ranked at an
25 uppernost in a hierarchical structure and is
selected from anong the nonitoring and contro
devices in the train for supplying a reference tine
of the train, a vehicle clockjystation that is ranked
in amddle in the hierarchical structure and is

sel ected from anong .t he nonitori and_30. cont r ol .
S R S AL B e T BT o in-
Wad i 310 Sdéti @ didtsdS. T ankete@lpdr f OMREATSY tie (Hi€ain
hi erarchi cal structure and includes the nonitoring and
O o| S tRdvd Pest nhidides e RREORE et By RETERNM BT thetime
t.Lal 7 . Cl - tdqn g vehi C L on
eﬁé?%%é?ﬁ?f‘@gﬁéif?%3€V§2q§¥§5§§%3§5§3%%pgéF?%?%%d
yriiherdridi n ol aicle dta | e | reef erdascappinogpy igdredyating a
performing a time correction of itself with time
iﬁfro%attli T IHAC TS B AT PR TP BT HE tffsing the

refierenc & td e, stioantd o rdif 4 time correction based on
time-correction-informati on nmessage for causing the

VeI g ed g et i perridrimananiel oo regngeated first
bcaisfr?ed—cto&dr%ccpcrf %C-tjt%%ﬁ(ae&eor}%etééjéf%? 4nd %}{earkﬁéﬂitél'é‘gclock

gener ate iTs I'me-correction or mat'i on nessage
tax dthieorvehizclst e qede fldynsddatb o reheA witejr perd lnsdke syt ion
the vehicle clock station includes receiving the

FTSIIGHe S e diis fidrHat’ die ~ FRIssdes A aisii Fiadd on

ffraddie dradhd QK SIAL e tRer BB & 4418,
correction of itself based on the first

thenEcmrimarta dniienfagmmed tormesf dgese fesrssd mp £he first
ggggggx}Séégmgqprré¥i rvinfornat%gn nessage. fog_ cond
caust ng the - rEetd I i o Mt I oI wed TG st'at 1% 10
ReEinfeardB rar dd i n -G TcAGtd tarbrb assb Qfe Y echied rig reheof
itself, and  transmtting generated second

GO tirdrR it tati ot 1 e Sfafe Ao theedraettd dime
| BN RIdd R HALI e P 2 STEP i&eéé‘lcf,%lfggs

the correction 1 nformation walting station i

rtete s ing itrfve gseeored dd reeeazord ddineotvonndarinatiiorformation
gﬁiﬁ%l%&%&?% @1gg¥1gg€yggr?%fﬁ%%é%f%ﬁﬂJ§¥%ing station. A
step performed by the correction information waiting
station includes receiving the second time-correction-
information message transmitted from the vehicle clock
station, and performing a time correction of itself based
on the second time-correction-information message. Thus,
the time synchronization with respect to many in-vehicle
devices mounted on the train can be performed easily and
reliably.

[0032] Furthermore, according to the time
synchronization device and the time synchronization method
in the present embodiment, because the periodic message
exchange is performed in the hierarchical network that is

the inter-vehicle network and the intra-vehicle network,

the time error in the in-vehicle device as the correction
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station, and performng a tine correction of itself

based on the second tinme-correction-information

nmessage. Thus, 25 the tine synchronization with

respect to many in-vehicle devices nounted on the

train can be perforned easilyignd reliably. [0032]
Furthernore, according to the tinme synchronization
eV|c and e ti.re synchroni ation t h

enbogieﬂjtnecgelcnauasce%%eanpceer 0 |}2%%lees39rélpsrﬁl sion

Qi@:ﬂ)a%ngﬁmé fed frotarack 491 dthiesrhi &f arteditciate nidtwor kK t hat

is the inter-vehicle network and the intra-vehicle

fangRientliy tihfe efrfast iof Making Vg dar i Wy the
f/\rnf‘ﬁec%fﬁ% o 43 far %J]dlse deterddnednd i ageedance; the

e transn133|on ay tinme and the resolution
dfintehestiare idateach Chnisierieint [ghe N@Jsﬁfeecambfthmkun’fgln

t he varla{| n i.n t#ﬁ%ﬁﬁﬂf hgr q{ﬁrﬁféﬁ? | n ve ely useful
dﬁvltﬂﬁe |a‘hélr§ﬁs1V§mk?ér€ Aanch #herd réd nan &Qitﬁiﬂni@]ﬂltﬁﬁrbdlﬁlrs in

obtai ned. This effect is extrenely useful in the
éhﬂ)kﬂ?yﬁhkﬁﬁQ1¢QHHQﬁe or an abnormality occurs in

t -vehi T hi 1
Qﬁha ge in ﬁ{eﬁﬁﬁ?&eo?%r chica gllg)é%(négtfg qflf S}glgeﬁaornc ted

triettwear ¥ yipd Gaal £ uroti itcor itgr tared togmitaadll mqhmMQxang and control

égglcall has Th %ggggﬁa?ﬁaﬁgggiﬁéfgén rﬁ%glng the time

ead dEn deH%fdd“bdgoﬁﬁfﬁﬁnﬁﬂ“ﬂﬂe pRif¥nt embodiment,

nodi fi cation of software, and the |like are not
reestsbigsianTy | ofermman@rt@tachﬁaéwr o sheatadpn of software,

Qn t.i,0 bl.e of  su Ssi [ ease.
OB e S R e S S S AL
eV gz guesl eﬂ:dﬂlgd@mein/\mépam;e hef dynasiesding changad increase.
accordance with the separation and/or coupllng of , the

e of Mareawedin thhenBEIULaTdBr & dfofHES n
%%ﬁﬂggﬂééyﬂ?Wﬂﬁgmé¥}§ﬂkaﬂd Be APve desHdRRd) in

processi ng procedure does not need to be changed ‘even
iaccordance with the separation and/or coupling of the

vehicle of the train, the start and/or stop of the in-
vehicle device, or the like. The above described
processing procedure does not need to be changed even in
such a case. Therefore, the simple system configuration

that does not require complex processing can be achieved.

INDUSTRIAL APPLICABILITY

[0035] As described above, the time synchronization
system and the time synchronization method according to the
present invention is useful as an invention with which the
time synchronization to many in-vehicle devices mounted on

a train can be performed easily and reliably.
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such a case. Therefore, the sinple system
configuration that does not require conplex
processi ng can be achi eved. 25 | NDUSTRI AL
APPLI CABI LI TY [ 0035] As described above, the tine
synchroni zation systemand tRg tinme synchronization
nmet hod according to the present invention is useful
as an invention with which kﬂgﬂ?égne synchroni zati on
to many in-vehicle devices d on 30 a train can

be. perfot ied epsthyonrngat ebhabyytedIthstAiMBlized bi me
synchroni zation systemthat utilizes a comunication

f CPRTRRRC Bl @achuaFt hon i He epaghe €l @0 ndR k¥ kYehii ehnetwork,

C&WP@ﬁtéoH@Qé §r+8§i@§9iﬁ€n£ﬁ8|cg§¥£8f5d35iégge%r.?néed in
respective vehicles of a train, and an intra-vehicle
net sy &t 1 whi eeh tolps esf an tnaiehi ehe aeviceravuahedlen

each of the, vehicles and each of . the nonitoring an

O Yotk d&Jr%%s?O%ﬁeie?@ o+fh§vee*ilh%f§yﬂ%ﬁﬁ+%i12%b?%%g on each
bet vees i c 1O 490 | 88cinGls COMd rRbn feyl £8§ #ME control

bet ween each of the 10 nonitoring and control devices

ARVIERS i My HPer Eoyey| tiEne $rchioml s5htom dpeegsmnthe
ri.shng: e k ion at _ |

P ST BB YRR 00 lredhald og ene

anshitsoseh@cdred oot ahodgrides amdi tios | hg-adtti cbatdevice,

devices in the trajn for supplying a 15 reference
t"ﬁhee Y% Y RFREPPL 22 MR FE5 B ckORR A F RSt hat i s

ranked ifh-g i b &k | S af 1160 hiLar chi £al k S§ réct 8 €, @Wrmost
is selected fromanong the nonitoring and contro
devia dyi¢rardiel ¢alhi st raciize candg ecs | snlécifed nftdronamong the

1 ting station that i 20, r anked at | ower post _ i n .
CRe e LR LTl (M The! (RIS of supblying a
nest & i dg @tk contid wheyvdce, which is not sel ected
as any of the train clock station and the vehicle '
cl ock BtRIMgHL e P Hhesiatihithar devikankethekeid niddle in

trad rhfé%ﬂ@gj %fﬁ@&ﬁpeesand is selected from among the

monitoring and control devices in the train; and
a correction information waiting station that is
ranked at a lowermost in the hierarchical structure and
includes the monitoring and control device, which is not
selected as any of the train clock station and the vehicle
clock station, and the in-vehicle device, wherein
the train clock station includes
a time correcting unit that appropriately
performs a time correction of the own station with time
information that is arbitrarily obtained as the reference
time, and
a message generating unit that generates based on
the corrected reference time a first time-correction-
information message for causing the vehicle clock station
to perform a time correction,

the vehicle clock station includes
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25 a time correcting unit that appropriately perforns
atime correction of the owmn station with tine
information that is arbitrarily obtained as the
reference tinme, and a nessage generating unit that
generates based on 30 the corggected reference tinme a
first time-correction- information nessage for causing
t he vehicle_c|] ock statiog. to Eegfo%n%a tige .
correction, 2t he"VehPEF 8-t BEKUBL bt FOATi REFGQEYS29 tame
teoBreot 166t bNItHAI bwhhat apebh OpaSe@ bhNMBhEOFE €61 Ome-
of the own station based on the first tine-

COPFERE T HPR T R BP HAR T AN nBgsageet F hARANE FeEdf FopMt ke train

trabdy siockostatign, and 5 a nmessage generating unit
t hat generates’ based on the corrected time of the own

station a secoaslsdgaegeneraeithgouni bf thatt genenessageased on
for causing the correctjon information waitin ,

SUAR TR T ER 1 DY a0 F | HE® COYT et T bHon { hes EGPRacCE HBR™

| O OF 8B 1 O WeF b gt S6R hO8sAHE| 8RS Bus 195t A8 correction

correcting unit that perfornms a tine correction of the
oWl Q¥R § BPn baabeienm $hetseeohe perform a time correction,

tinE-C?ﬁéE%gi éé;g r $fﬁ%t Sﬁgft{£$n§93{{§9 {ﬁgf&des a
the vehicle clock station, an he TiTs

tiimee cosreedt ong i wi oDt Metia brpeessage antdindecosesofiton of the
ti me-correction-informati on nessage are regul arl 15

y, .
tPHhsH e AL DrIvetiet nT RN Pet 1R CoE I IHel ¢p rgnformation
YU QT 2t Qi SYSd e GE CHULi Peh 11 €1 @ da il st ST Nang

a transm ssion period of the first tinme-correction-
i nf or nEte ohi Paets staigee avrir 2e ¢t Borsmi 550 ome pieen guessagdheand the

sec 0. time-correction-information nessage are se
SR Pl T PR PR 2 LR R 0 Fr € e ey
accntshitgdd £ al Prede iR EiIdH PHpdFBSEM SSi on peri od

of the first time-correction- information nessage is

set to be shorter than a 25 transm ssion period of the

SLCONUrHd MBI\ Bl Whization system according to claim 1,
wherein a transmission period of the first time-correction-
information message and a transmission period of the second

time-correction-information message are set to be different.

3. The time synchronization system according to claim 1,
wherein a transmission period of the first time-correction-
information message is set to be shorter than a
transmission period of the second time-correction-

information message.

4. The time synchronization system according to claim 1,
wherein the reference time is time information obtained

through a GPS receiver.

5. A time synchronization method of utilizing a

communication function in each of an inter-vehicle network,
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i nformati on nessage. 4. The tinme synchronization
system according to claiml, wherein the reference
time is tinme information obtained 30 through a GPS
receiver. 5. A time synchronization nmethod of
utilizing a comunication function in each of an
inter-vehicle network, 21 which connects nonitoring

: ices.arranged i,n_ respective vehicles ,
PR ERTEbRheCER' A8 b SRCHR eoRER TRk Y aRF cheranoed in
coappest anei neNebiekbeodeyi eeamynted oA eacha-9&hthee

vehi cl es and each of the nonitoring and control 5
dRYTHREK, i pRr FOYRERY #NnknsyARhELAI davien Bewnbed on each

the tH@n$é9i£DQsaQHdCQQ&ﬁO&fdfﬂécﬁénﬁggrPg&rﬁgg 885001

of the nonitoring and contro evi ces an
i devebé el ean@vperformhegt t iwe sypohhpoh zaht bon Neébeden the

C rising. a step of setting 10 a.train clock station
t’ﬁgftg)l‘f%rlr'g%k%faga?g%mﬁp‘é%wg%% PR LRTEPER chRCAl OF the
shontt o En@nsind ScSet £61 ede¥108% ABNEhE hen DPOHR IO L Ndevice,
and control devices in the train for supplying a

referieHee syneheenizetionimethodetvmpeisimek stati on

that is fankedei 15 mddle in the hierarchical
structure andgF§§§e %@?ed from anong the nonitoring

and controladevaioesciochk hetdtbom, tioad i@ €oikeCtaOMNan

i nf tion waiti tat] that i nked at a
| RRTIRRTE 1T the e 2 Yok S STV AR S | Rlemiead from

tdlﬁ)ﬂ'@@ﬁ@ﬁﬁ&ﬂi%@i&%@ﬂ@'g&%@&ﬁ*dé’ﬂ&éb | 8n r\%se 2hin for
sel ected as any of the train clock station and the
VERRDEL RS crikessiendrore time tdfe the vistdiole device; a

step perforgmed,;by the train.clock station, includin

a step of dppr ofg%/‘flae% ecflyocg(er%toaﬁﬁ% tapaﬁ e ’@d}%_?eégtji’gr?
ofiddies awn tHeath ignran dHi dd mes i ey 101 tihatsd e A%d from
arbitrarily obtained as the reference tine, a step of
é@%ﬁﬁhﬁqﬁgmﬂﬁﬁﬁPQﬂ?qlﬁ?QHQQQQﬁQiideV1ceS in the train, and

a correction information waiting station that is
ranked at a lowermost in the hierarchical structure and
includes the monitoring and control device, which is not
selected as any of the train clock station and the vehicle
clock station, and the in-vehicle device;

a step performed by the train clock station, including

a step of appropriately performing a time
correction of the own station with time information that is
arbitrarily obtained as the reference time,

a step of generating based on the corrected
reference time a first time-correction-information message
for causing the vehicle clock station to perform a time
correction, and

a step of transmitting generated first time-
correction-information message to the vehicle clock
station;

a step performed by the vehicle clock station,
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reference tinme a first tinme-correction-information
nmessage for causing the vehicle clock station to
performa time correction, and 30 a step of

transmtting generated first time-

correction-informati on nessagesto the vehicle clock
station; a step perfornmed by the vehicle clock

st.atq 2 including a step of receiving the first
time-correction- information nmessage transmtted from
the train cd octkep SbAt1OFeiving Stiep Of rpert Dhed E@rbection-
time correction of the own  station based on the first
tFHER TR Y BN itE T3 r R TN t R} sk Bheteppip clock
aened atd g based on the corrected tinme of the own
station a second tine-correction-information 10

nmessage fora cawep nyf ter tormiord | ont img oromt e oni avai ¢ f nighe own

st.ation to perform.a time correction nd a st of, .
G, B R Y DB TGS AL 1Bl o

e deeid on-i nformati on nessage to the correction
information waiting station; and 15 a step perforned .
by the corréecti®h Ihfsnatdtomadiaserd ostidts grprrected time

id’leﬂ'ﬂg o sséaetpld}f d esce%é’r{dqgcitrﬁke—csﬁcroé&ion—infdpl%mation

time-correction- 1 nformati on nessage transmtte rom
s sagte diar cdaockingsttdte amprment 2h alrsfemafion waiting
petrf orm g%) ati correction of the own tati on based
G AHES COME T HE Gorr el | SHI ROt | nessage,

wherein the fddey J r@—a}g:rnrie@iiirﬂf-g;en{&rar@éa YL dBIRE Affne -
and the second tinme-correction-1nformation nessage
& el o n £ amnatyis Massedatt a e durares tiexh
@ﬂf&%ﬁation waiting station; and
a step performed by the correction information waiting
station, including
a step of receiving the second time-correction-
information message transmitted from the vehicle clock
station, and
a step of performing a time correction of the own
station based on the second time-correction-information
message, wherein
the first time-correction-information message and the

second time-correction-information message are regularly

transmitted at a predetermined period.

6. The time synchronization method according to claim 5,
wherein a transmission period of the first time-correction-
information message and a transmission period of the second

time-correction-information message are set to be different.

7. The time synchronization method according to claim 5,

wherein a transmission period of the first time-correction-
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6. The tinme synchroni zati on nethod according to claim

51

wherein a transm ssion period of the first

time-correction- information nmessage and a
transm ssion period of the second 30
time-correction-informati on negsage are set to be
different. 7. The time synchroni zati on net hod

ace
of

a transm ssj.on period

di . | ai ,. _Wh i
PPl Triadle et ehrtd e | (PR A TRt et Lo

| Sr&eémios Den Shoried dhathd sédams Nt Shé-ofo P&t Otof
the second tinme-correction- information nessage. 5 8.

Thet @ ¥Rt 59 e ¥ It i on met hod according to claimb5
wherein the reference tine is tinme informtion
obtai ned through a GPS receiver.

8.

The time synchronization method according to claim 5,

wherein the reference time is time information obtained

through a GPS receiver.



