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DESCRI PTI ON

TI ME SYNCHRONI ZATI ON SYSTEM AND TI ME SYNCHRONI ZATI ON METHOD
I N TRAI'N

TECHNI CAL FI ELD

[ 0001] The present invention relates to a tine
synchroni zati on systemthat synchronizes tinme between
various devices nounted on a train and a tine

synchroni zati on net hod.

BACKGROUND ART

[ 0002] On a recent train, many in-vehicle devices (a
propul sion control device, a power-supply device, a brake
devi ce, a door device, an air-conditioning device, a toilet
devi ce, an ATC device, and the like) are nounted. These
vehi cl e- nount ed devi ces generally include a self-diagnosis
function perforned by a built-in mcroconputer and are
connected by a vehicle network (an inter-vehicle network
and an intra-vehicle network) for exchanging required

i nf ormati on.

[ 0003] As descri bed above, because many in-vehicle

devi ces operate while correlating with each other in a
recent train, the inportance of tinme information increases,
whi ch each of the devices records for recognizing the
correl ation therebetween when a failure or an abnormality
occurs. Therefore, a nmeans and a nethod for causing a tine
error in many in-vehicle devices to be equal to or | ower
than a predeterm ned val ue are desired.

[ 0004] There is a docunent that discloses a technol ogy
for securing the tinme synchronization between conputer
systens nounted on a train although the technol ogy does not
provide a tine synchronization nethod for many in-vehicle
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devi ces nmounted on the train (for exanple, see Patent
Docunent 1).

[ 0005] In the nethod disclosed in Patent Docunent 1, a
synchroni zation signal generating unit 3 that generates a
synchroni zation signal is provided. A contact signal |ine
4 for transmtting the synchronization signal to a
synchroni zati on-si gnal -generated-tinme nmeasuring unit 5 and
a post-synchroni zati on-si gnal -generation tinme counting unit
10 is al so provided. The synchronization-signal - gener at ed-
time measuring unit 5 neasures the tine at which the
synchroni zation signal is generated based on tine data
output froma tine neasuring unit 2, and the post-
synchroni zati on-si gnal -generation tine counting unit 10
counts tinme after the synchronization signal is input.
Then, a tine calculation processing unit 11 obtains the
time measured by the synchronization-signal -generated-tine
measuring unit 5 and adds the tinme counted by the post-
synchroni zati on-si gnal -generation tine counting unit 10 to
the obtained tine to calculate the current tine.

[ 0006] Pat ent Docunent 1: Japanese Patent Application
Lai d- open No. H06-274243

DI SCLOSURE OF | NVENTI ON

PROBLEM TO BE SOLVED BY THE | NVENTI ON

[ 0007] However, the nethod disclosed in the above Patent
Docunent 1 is for performng the tinme synchronization

bet ween conputer systens nounted on a train and does not
consi der the time synchronization with respect to many in-
vehi cl e devices. Wen this nethod disclosed in Patent
Docunent 1 is applied to a train on which many in-vehicle
devi ces are nounted, at |east a synchronization-signal -
generated-tinme neasuring unit needs to be provided on the
side subjected to the tinme synchroni zation, and at |east 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 tinme synchronization. Thus,
there are problens in that the device configuration becones
conplicated and the cost increases.

[ 0008] The present invention is achieved in view of the
above, and it is an object to provide a tine
synchroni zati on systemand a time synchroni zati on net hod
capabl e of easily and reliably performng tine
synchroni zati on on many in-vehicle devices nounted on a

train.

MEANS FOR SOLVI NG PROBLEM

[ 0009] A tinme synchroni zation system according to an
aspect of the present invention that utilizes a

conmuni cation function in each of an inter-vehicle network,
whi ch connects nonitoring and control devices arranged in
respective vehicles of a train, and an intra-vehicle

net wor k, whi ch coupl es an in-vehicle device nounted on each
of the vehicles and each of the nonitoring and contro

devi ces, and perfornms time synchroni zati on between the
nmonitoring and control devices and between each of the
nmonitoring and control devices and the in-vehicle device,
the time synchronization systemincludes a train clock
station that is ranked at an uppernost in a hierarchica
structure and is selected fromanong the nonitoring and
control devices in the train for supplying a reference tine
of the train; a vehicle clock station that is ranked in a
mddle in the hierarchical structure and is selected from
anong the nonitoring and control devices in the train; and
a correction information waiting station that is ranked at
a lowernost in the hierarchical structure and includes the

noni toring 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-
vehi cl e device, wherein the train clock station includes a
time correcting unit that appropriately perforns a tine
correction of the own station with tinme information that is
arbitrarily obtained as the reference tine, and a nessage
generating unit that generates based on the corrected
reference tine a first tinme-correction-information nessage
for causing all of the vehicle clock stations to perform a
time correction, the vehicle clock station includes a tine
correcting unit that perforns a tine correction of the own
station based on the first tine-correction-information
nessage transmtted fromthe train clock station, and a
nmessage generating unit that generates based on the
corrected time of the own station a second time-correction-
i nformati on nmessage for causing the correction information
waiting station to performa tinme correction, the
correction information waiting station includes a tine
correcting unit that perforns a tine correction of the own
station based on the second tinme-correction-information
nessage transmtted fromthe vehicle clock station, and the
first tinme-correction-information nmessage and the second
time-correction-informati on nessage are regularly

transmtted at a predeterm ned peri od.

EFFECT OF THE | NVENTI ON

[ 0010] According to the tinme synchroni zati on systemin
the present invention, a communication function in each of
an inter-vehicle network, which connects nonitoring and
control devices arranged in respective vehicles of a train,
and an intra-vehicle network, which couples an in-vehicle
devi ce nounted on each of the vehicles and each of the
nmonitoring and control devices, is utilized. A train clock
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station that is ranked at an uppernost in a hierarchica
structure and is selected fromanong the nonitoring and
control devices in the train for supplying a reference tine
of the train, a vehicle clock station that is ranked in a
mddle in the hierarchical structure and is selected from
anong the nonitoring and control devices in the train, and
a correction information waiting station that is ranked at
a lowernost in the hierarchical structure and includes the
nonitoring and control device, which is not selected as any
of the train clock station and the vehicle clock station,
and the in-vehicle device are set. The train clock station
appropriately perforns a tine correction of the own station
with time information that is arbitrarily obtained as the
reference tinme, the vehicle clock station perforns a tine
correction of the own station based on a first tine-
correction-information nessage transmtted fromthe train
clock station, and the correction information waiting
station perforns a tine correction of the own station based
on a second tine-correction-informati on nessage transmtted
fromthe vehicle clock station. Thus, the tine

synchroni zation with respect to nmany in-vehicle devices

nmounted on the train can be perfornmed easily and reliably.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0011] FIG 1 is a diagramillustrating a schematic
configuration of a train on which nonitoring and contro
devices that provide a tine synchronization function are
nount ed according to an enbodi nent of the present invention.
FIG 2 is a diagramillustrating a configuration and a
connection condition of the nonitoring and control devices
that provide the tinme synchronization function according to
the present enbodi nent.
FIG 3 is a diagramillustrating by a hierarchica
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structure a concept of the time synchronization function
according to the present enbodi nent.

FIG 4 is a block diagramillustrating function
configurations of a train clock station, a vehicle clock
station, and a correction information waiting station.

FIG 5is a flowhart illustrating a processing flow
of time correction processing by the train clock station,
the vehicle clock station, and the correction information
wai ting station.

FIG 6 is a diagramexplaining a deviation of a tine
correction when a transm ssion period of a tine correction
i nformati on nessage to the vehicle clock station and a
transm ssion period of a time correction information

nmessage to an in-vehicle device are made different.

EXPLANATI ONS OF LETTERS OR NUMERALS
[ 0012] 10 Train

11 Vehi cl e group

12 Aut omati c coupl er

14 Moni toring and control device
15 Node devi ce

16 Control |l er

17 Transm ssion path

2la, 21b Converter

23 to 27 Serial line

28 OQperation control base

30 Conmuni cati on control device
32 Power - suppl y devi ce

34 Brake control device

36 Propul si on control device

40 Ai r-condi tioni ng device

42  ATC device

44 Door devi ce
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46 Toi |l et device

48 GPS recei ver

50 Train clock station

52 Time correcting unit

54 Ti me-correction-information-nessage generating unit
60 Vehicle clock station

62 Time correcting unit

64 Ti me-correction-information-nessage generating unit
70 Correction information waiting station

72 Time correcting unit

BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON

[ 0013] Exenpl ary enbodi nents of a tinme synchronization
system and a tinme synchroni zation nethod according to the
present invention will be explained in detail below w th
reference to the acconpanyi ng drawi ngs. The present
invention is not limted to the foll ow ng enbodi nents.

[ 0014] (Schematic Configuration of Train having Tine
Synchroni zati on Functi on)

FIG 1 is a diagramillustrating a schematic
configuration of a train on which nonitoring and contro
devices that provide a tine synchronization function
according to an enbodi nent of the present invention are
mounted. In an exanple 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
consi sts of two vehicles, via an automatic coupler 12. On
each vehicle of the train 10, nonitoring and contro
devices 14 (14-1 and 14-2) are nounted, each of which
i ncl udes a node device (Node) 15 having a signhal converting
function and a controller (CNC) 16. The controller (CNC
16 has a tinme synchronization function according to the
present enbodi nent, a function of controlling comuni cation
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(communication in a train) in the vehicle and between the
vehicles, and a function of managing a state of various
devices in each vehicle. The nonitoring and contro
devi ces 14 nounted on respective vehicles are connected via
a transmssion line 17 to configure inter-vehicle networks
(TN-1 and TN-2) that are a dual system (redundant system
network in the train 10. 1In each vehicle, an intra-vehicle
network (CN) that is different fromthe inter-vehicle
networks is formed. This intra-vehicle network (CN) is
connected to the inter-vehicle networks (TN-1 and TN-2) via
the controllers 16 and the node devices 15.
[ 0015] In FIG 1 and FIG 2 to be expl ai ned bel ow,
expl anation is given for a train configured by coupling a
plurality of vehicle groups each consisting of two vehicles
as an exanpl e; however, the tinme synchronization system and
the tinme synchronization method according to the present
enbodi nent can be applied even to a train configured by
coupling a plurality of vehicle groups each consisting of a
single vehicle. A'so, the systemconfiguration is shown as
an exanple in which the inter-vehicle networks (TN-1 and
TN-2), the node devices 15, and the controllers 16 are dua
systens; however, they can be single systens.
[ 0016] (Configuration of Monitoring and Control Device)
Next, the configuration and the connection condition
of the nonitoring and control devices are explained with
reference to FIG 2. FIG 2 is a diagramillustrating the
configuration and the connection condition of the
nmonitoring and control devices that provide the tine
synchroni zati on function according to the present
enbodinent. In FIG 2, the nonitoring and control device
14 includes a node device 15-1 that fornms one of the dua
systens (a main systemand a sub systen), a node device 15-
2 that forns the other of the dual systens, and controllers
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16-1 and 16-2 that are connected to the node devices 15-1
and 15-2, respectively. The nonitoring and control device
14 also has serial lines 23 to 27, for exanple. The serial
lines 23 (23-1 and 23-2) are connected to the automatic
coupler 12 and provide an interface for performng

communi cation with the node device of the adjacent other
vehicle group via the electrical contact of the automatic
coupler 12. The serial lines 24 (24-1 and 24-2) provide an
interface for perform ng comruni cation with the node device
of the other vehicle in the sanme vehicle group. Both of

t hem are conponents for providing one comruni cation
function in the above-described inter-vehicle networks (TN
1 and TN-2; Train_Network). On the other hand, the seria
line 25 provides an interface for transmtting operation
control information (brake instruction, rate information,
and opening/closing information of a door) and the like to
an operation control base 28. The serial line 26 provides
an interface for the node devices 15 and the controllers 16
perform ng conmuni cation with a predetermnm ned protocol.
Moreover, the serial line 27 provides an interface for
perform ng conmuni cation with the in-vehicle devices

i ncludi ng a power-supply device 32, a brake control device
34, a propul sion 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
conmuni cation control device 30 that is connected, for
exanple, to a GPS receiver 48. These serial interfaces are
conponents for providing one conmuni cation function in the
above-described intra-vehicle network (CN: Car_Network).
[0017] The node devices 15-1 and 15-2 are devices

I ndependent from each other. The node device 15-1 1is
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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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 the data transm ssion between
t he node device 15 and the controller 16, for exanple.

[ 0018] In the present enbodinent, in order to perform
stable and reliable communications between the inter-
vehicle network, in which a signal wth relatively | ow
signal quality flows, and the intra-vehicle network, in
which a signal with relatively high signal quality flows,

t he node device 15 includes converters (CONV) 2la and 21b
that perform signal conversion between these signals;
however, these converters 2la and 21b do not need to be
provided if the signal quality is less of a problem In
this case, a signal of the sanme protocol can be used for
the serial lines 23 and 24 and the serial |ine 26.

[ 0019] (Concept of Tinme Synchronization Function)

Next, the concept of the tinme synchronization function
is explained with reference to FIG 3. FIG 3 is a diagram
illustrating by a hierarchical structure the concept of the
time synchroni zation function according to the present
enbodi nent .

[ 0020] When performng the tinme synchroni zati on function
according to the present enbodi nent, a predeterm ned
position and a role corresponding to the position are
assigned to the nonitoring and control devices 14 in each
vehicle and the in-vehicle devices (see FIG 2) connected
to the nonitoring and control devices 14. Specifically, to
the nonitoring and control devices 14, a position of a
train clock station (primary station) ranked at the
uppernost of the hierarchical structure or a vehicle clock
station (secondary station) ranked in the mddle of the

hi erarchical structure as shown in FIG 3 is assigned.
Moreover, to the in-vehicle devices, a position of a
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correction information waiting station (tertiary station)
ranked at the |lower position of the hierarchical structure
as shown in FIG 3 is assigned. Therefore, when the
position of the train clock station is assigned to one
nonitoring and control device, the position of the vehicle
clock station is assigned to the renai ni ng nonitoring and
control devices to which the position of the train clock
station has not been assigned, and the position of the
correction information waiting station is assigned to al

of the in-vehicle devices connected to the nonitoring and
control devices. The positions of both of the train clock
station (primary station) and the vehicle clock station
(secondary station) are assigned to the nonitoring and
control device to which the position of the train clock
station has been assigned. As a result of assigning such
positions, the comuni cation between the train clock
station (primary station) and the vehicle clock station
(secondary station) is perforned via the inter-vehicle
networks (TN), and the comruni cation between the vehicle
clock station (secondary station) and the correction
information waiting station (tertiary station) is perforned
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 nonitoring 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 exanple, in the dual redundant
systens, 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 |oad. 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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station and the vehicle clock station, the controller 16-2
I's positioned as the correction information waiting station.
[ 0022] (Operation based on Tinme Synchroni zation

Functi on)

Next, the operation based on the tine synchronization
function is explained with reference to FIG 4 and FIG 5.
FIG 4 is a block diagramillustrating function
configurations of the train clock station, the vehicle
clock station, and the correction information waiting
station. FIG 5 is a flowhart illustrating a processing
flow of tinme correction processing by the train clock
station, the vehicle clock station, and the correction
i nformati on waiting station.

[ 0023] First, one "train clock station" is selected and
determ ned from anong the nonitoring and control devices in
the train (Step S11). Next, one "vehicle clock station" is
sel ected and determ ned from anong the nonitoring and
control devices in each vehicle (Step S12). The train
clock station obtains tinme information via the GPS receiver
48 (see FIG 2), for exanple, and perfornms tine correction
of itself with the obtained tine as a reference tine. The
train clock station generates a nessage (hereinafter,
referred to as "first tine-correction-informtion nessage")
i ncluding correction informati on necessary for the tine
correction and transmts it to the vehicle clock stations
(Step S13). This processing is perfornmed in a tine
correcting unit 52 and a time-correction-infornmation-
nessage generating unit 54 in a train clock station 50 (see
FIG 4). Upon receiving the first tinme-correction-

I nformati on nmessage fromthe train clock station, the
vehicle clock station perforns the tinme correction of

itself (Step S14). The vehicle clock station generates a
time-correction-informati on nmessage (hereinafter, "second
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time-correction-informati on nessage") for transmtting to
the correction information waiting stations and transmts
it to the correction information waiting stations (Step
S15). This processing is perfornmed in a tine correcting
unit 62 and a tine-correction-information-nessage
generating unit 64 in a vehicle clock station 60 (see FIG
4). Upon receiving the second tinme-correction-information
nmessage fromthe vehicle clock station, the correction
information waiting station perfornms the tinme correction of
itself (Step S16). This processing is perfornmed in a tine
correcting unit 72 in a correction information waiting
station 70 (see FIG 4). Thereafter, the processing of the
above-nentioned Steps S13 to S16 is repeated at a constant
period. Thus, the time correction with respect to all of

t he devices having clock function present in the trainis
regul arly perforned.

[ 0024] In the above processing, the correction
information included in the tine correction information
nessage transmtted fromthe train clock station to the
vehicle clock station and the tinme correction information
nmessage transmtted fromthe vehicle clock station to the
correction information waiting station can be any
information so long as it is information wth which the
time correction can be perfornmed on the receiving side. As
the sinplest exanple, the reference tine itself can be
transmtted.

[ 0025] Moreover, in the present enbodi nent, as tine
correction and generating processing of the tine correction
I nformati on nessage perfornmed by the train clock station,
an exanple is given for the case of using information from
the GPS receiver; however, the tine information obtained
fromother than the GPS receiver can be used. For exanple,
the time information obtained froma broadcast station, a
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radio clock, or the like, input information froma not-
shown manual input device, and the |ike can be used.

[ 0026] Furthernore, in each processing of the above-
menti oned Steps S13 and S15, the period of transmtting the
time correction informati on nessage fromthe train clock
station to the vehicle clock station and the period of
transmtting the time correction information nessage from
the vehicle clock station to the correction information
waiting station are the sane; however, these periods can be
made different for reducing the anbunt of nessages fl ow ng
in the inter-vehicle network or the intra-vehicle network
(especially, the intra-vehicle network) or for reducing the
| oad on the vehicle clock station.

[ 0027] FIG 6 is a diagramexplaining a deviation of the
time correction when the transm ssion period of the tine
correction information nessage to the vehicle clock station
and the transm ssion period of the time correction

i nformati on nmessage to the correction information waiting
station are nade different. More specifically, a case is
shown in which the transm ssion period of the tine
correction information nessage to the vehicle clock station
Is 10 nms and the transm ssion period of the tinme correction
i nformati on nessage to the correction information waiting
station is 100 ns.

[ 0028] In FIG 6, the train clock station transmts the
time correction information nmessage to the vehicle clock
station with a periodic interval of 10 ns. |In this case,
the deviation of the time correction between the train
clock station and the vehicle clock station is a maxi num of
10 ns disregarding the transmssion tinme (the transm ssion
time is short and therefore can be disregarded). On the

ot her hand, the vehicle clock station transmts the tine

correction information nessage to the correction
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I nformation waiting station wth a periodic interval of 100
ms. In this case, the deviation of the tine correction

bet ween the vehicle clock station and the correction

i nformation waiting station is a maxi rum of 100 ns

di sregarding the transm ssion tine. Consequently, the
deviation of the tine correction between the train clock
station and the correction information waiting station is a
maxi mum of 110 nms (=10+100). The tinme deviation of 110 ns
i's the maxi mum devi ation, and the actual tinme deviation can
be suppressed to be equal to or |Iower than 110 ns by
regularly performng the tine correction at a constant

peri od.

[ 0029] When the tine difference, the sumer tine (day
tinme), or the like needs to be considered in the tine
correction, it is possible to generate the tine correction
i nformati on nmessage to which such information is added on
the transmtting side (train clock station) and transmt it.
Moreover, it is also possible to transmt the reference
time and convert it into a desired tine by referring to
area information, calendar information, and the |ike on the
recei ving side.

[ 0030] As expl ai ned above, according to the tine
synchroni zation systemin the present enbodi nent, a

comuni cation function in each of an inter-vehicle network,
whi ch connects nonitoring and control devices arranged in
respective vehicles of a train, and an intra-vehicle

net wor k, whi ch coupl es an in-vehicle device nounted on each
of the vehicles and each of the nonitoring and contro
devices, is utilized. A train clock station that is ranked
at an uppernost in a hierarchical structure and is selected
from anong the nonitoring and control devices in the train
for supplying a reference tine of the train and a vehicle
clock station that is ranked in a mddle in the
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hi erarchical structure and is selected from anong the
nmonitoring and control devices in the train are set. O her
devices are set as a correction information waiting station
that is ranked at a |lowernost in the hierarchical structure.
The train clock station appropriately perforns a tine
correction of itself with tinme information that is
arbitrarily obtained as the reference tine, the vehicle
clock station perfornms a tinme correction of itself based on
a first tinme-correction-informati on nessage transnitted
fromthe train clock station, and the correction
information waiting station perforns a time correction of
itself based on a second tinme-correction-information
nessage transmtted fromthe vehicle clock station. Thus,
the tinme synchronization with respect to nmany in-vehicle
devi ces nmounted on the train can be perforned easily and
reliably.

[ 0031] Mor eover, according to the tinme synchronization
nmet hod in the present enbodi ment, a comrunication function
in each of an inter-vehicle network, which connects
nonitoring and control devices arranged in respective
vehicles of a train, and an intra-vehicle network, which
coupl es an in-vehicle device nounted on each of the
vehi cl es and each of the nonitoring and control devices, is
utilized. A train clock station that is ranked at an
uppernost in a hierarchical structure and is selected from
anong the nonitoring and control devices in the train for
supplying a reference tinme of the train, a vehicle clock
station that is ranked in a mddle in the hierarchica
structure and is selected fromanong the nonitoring and
control devices in the train, and a correction information
waiting station that is ranked at a | owernost in the

hi erarchi cal structure and includes the nonitoring and
control devices that are not selected as any of the train
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clock station and the vehicle clock station and the in-
vehicle device are set. A step perfornmed by the train

cl ock station includes appropriately performng a tine
correction of itself with tinme information that is
arbitrarily obtained as the reference tine, generating a
first tinme-correction-information nmessage for causing the
vehicle clock station to performa tine correction based on
corrected reference tinme, and transmtting generated first
time-correction-informati on nessage to the vehicle clock
station. A step perforned by the vehicle clock station

i ncludes receiving the first tine-correction-information
nessage transmtted fromthe train clock station,
performng a tinme correction of itself based on the first
time-correction-informati on nessage, generating a second
time-correction-informati on nessage for causing the
correction information waiting station to performa tine
correction based on corrected tine of itself, and
transmtting generated second timne-correction-informtion
nmessage to the correction information waiting station. A
step performed by the correction information waiting
station includes receiving the second tine-correction-

I nformati on nessage transmtted fromthe vehicle clock
station, and performng a tinme correction of itself based
on the second tine-correction-informati on nessage. Thus,
the tine synchronization wth respect to many in-vehicle
devi ces nmounted on the train can be perforned easily and
reliably.

[ 0032] Furthernore, according to the tine
synchroni zati on system and the tinme synchronizati on net hod
in the present enbodi nent, because the periodi c nessage
exchange is perfornmed 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



10

15

20

25

30

18

target is determned in accordance with the transm ssion
delay tinme and the resolution of the tine data.
Consequently, the effect of nmaking the variation in the
time error in the in-vehicle devices snall and neking the
time error in each device in the vehicle and the train
equal i zed can be obtained. This effect is extrenely useful
in the analysis when a failure or an abnormality occurs in
t he i n-vehicl e device.

[ 0033] The peri odi c nessage exchange in the hierarchica
network is a function that a typical nonitoring and contro
device basically has. Therefore, in constructing the tine
correction function according to the present enbodi nent,
addi tion of a conponent, nmjor nodification of software,
and the |like are not necessary, enabling to achieve a
system configuration capabl e of suppressing a cost increase.
[ 0034] Mor eover, the configuration of the device
connected to the network may be dynam cally changed in
accordance with the separation and/ or coupling of the
vehicle of the train, the start and/or stop of the in-
vehicl e device, or the like. The above descri bed
processi ng procedure does not need to be changed even in
such a case. Therefore, the sinple system configuration
that does not require conplex processing can be achieved.

| NDUSTRI AL APPLI CABI LI TY

[ 0035] As descri bed above, the tine synchronization
system and the tine synchronization nmethod according to the
present invention is useful as an invention with which the
time synchroni zation to many in-vehicle devices nounted on

a train can be perforned easily and reliably.
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CLAI M5
1. A tinme synchronization systemthat utilizes a
comuni cation function in each of an inter-vehicle network,
whi ch connects nonitoring and control devices arranged in
respective vehicles of a train, and an intra-vehicle
net wor k, whi ch coupl es an in-vehicle device nounted on each
of the vehicles and each of the nonitoring and contro
devi ces, and perfornms time synchronizati on between the
nonitoring and control devices and between each of the
nonitoring and control devices and the in-vehicle device,
the tinme synchronization system conpri sing:

a train clock station that is ranked at an upper nost
in a hierarchical structure and is selected from anong the
nonitoring and control devices in the train for supplying a
reference time of the train;

a vehicle clock station that is ranked in a mddle in
the hierarchical structure and is selected from anong the
nonitoring and control devices in the train; and

a correction information waiting station that is
ranked at a lowernost in the hierarchical structure and
i ncludes the nonitoring and control device, which is not
sel ected as any of the train clock station and the vehicle
clock station, and the in-vehicle device, wherein

the train clock station includes

a tinme correcting unit that appropriately
perforns a tinme correction of the own station with tine
information that is arbitrarily obtained as the reference
time, and

a nessage generating unit that generates based on
the corrected reference tine a first tinme-correction-

I nformati on nmessage for causing all of the vehicle clock
stations to performa tinme correction,

the vehicle clock station includes
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atime correcting unit that perforns a tine
correction of the own station based on the first tine-
correction-informati on nessage transmtted fromthe train
cl ock station, and
a nessage generating unit that generates based on

the corrected tinme of the own station a second tine-
correction-informati on nessage for causing the correction
information waiting station to performa tinme correction,

the correction information waiting station includes a
time correcting unit that perforns a tine correction of the
own station based on the second tine-correction-information
nmessage transmtted fromthe vehicle clock station, and

the first time-correction-information nessage and the
second time-correction-informati on nessage are regularly
transmtted at a predeterm ned peri od,

wherein the first tinme-correction-information nessage
and the second tinme-correction-informati on nessage are
regularly transmtted at predeterm ned periods such that a
sum of the transm ssion periods of the first tine-
correction-informati on nessage and the second ti me-

correction-information nessage is a desired time deviation.

2. The time synchroni zation system according to claim1,
wherein a transm ssion period of the first tinme-correction-
I nformati on nessage is set to be shorter than a

transm ssion period of the second time-correction-

i nformati on nessage.
3. The time synchroni zation system according to claim1,
wherein the reference tine is tine information obtained

through a GPS receiver.

4. A time synchronization nmethod of utilizing a
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comuni cation function in each of an inter-vehicle network,
whi ch connects nonitoring and control devices arranged in
respective vehicles of a train, and an intra-vehicle
net wor k, whi ch coupl es an in-vehicle device nounted on each
of the vehicles and each of the nonitoring and contro
devi ces, and performng tinme synchronization between the
nmonitoring and control devices and between each of the
nonitoring and control devices and the in-vehicle device,
the tinme synchronization method conpri sing:

a step of setting

atrain clock station that is ranked at an
uppernost in a hierarchical structure and is selected from
anong the nonitoring and control devices in the train for
supplying a reference tinme of the train,

a vehicle clock station that is ranked in a
mddle in the hierarchical structure and is selected from
anong the nonitoring and control devices in the train, and

a correction information waiting station that is
ranked at a lowernost in the hierarchical structure and
i ncludes the nonitoring and control device, which is not
selected as any of the train clock station and the vehicle
cl ock station, and the in-vehicle device;

a step perforned by the train clock station, including

a step of appropriately performng a tine
correction of the own station with tinme information that is
arbitrarily obtained as the reference tine,

a step of generating based on the corrected
reference tine a first tinme-correction-informtion nessage
for causing all of the vehicle clock stations to perform a
time correction, and

a step of transmtting generated first tinme-
correction-infornmati on nessage to the vehicle clock
station;
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a step perforned by the vehicle clock station,
I ncl udi ng

a step of receiving the first tinme-correction-

I nformati on nessage transmtted fromthe train clock
station,

a step of performng a tine correction of the own
station based on the first tinme-correction-information
nmessage,

a step of generating based on the corrected tine
of the own station a second tine-correction-information
nmessage for causing the correction information waiting
station to performa tine correction, and

a step of transmtting generated second tine-
correction-informati on nessage to the correction
i nformati on waiting station; and

a step performed by the correction information waiting
station, including

a step of receiving the second tine-correction-

i nformati on nessage transmtted fromthe vehicle clock
station, and

a step of performng a tine correction of the own
station based on the second time-correction-information
nessage, wherein

the first tinme-correction-informati on nessage and the
second time-correction-information nessage are regularly
transmtted at a predeterm ned period,

wherein the first tine-correction-informtion nessage
and the second tine-correction-informati on nessage are
regularly transmtted at predeterm ned periods such that a
sum of the transm ssion periods of the first tine-
correction-informati on nessage and the second ti ne-
correction-infornmati on nessage is a desired tine deviation.
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5. The time synchroni zation nmethod according to claimd4,
wherein a transm ssion period of the first tinme-correction-
I nformati on nessage is set to be shorter than a

transm ssion period of the second time-correction-

i nformati on nessage.

6. The time synchroni zation nmethod according to claim4,
wherein the reference tine is tinme information obtai ned

through a GPS receiver.



