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(54) TRAIN CONTROL SYSTEM AND TRAIN CONTROL METHOD

(57) A train control system includes an alarm start
time acquisition unit 205 that acquires an estimated
alarm start time that is an estimated time of starting an
alarm of a railroad crossing issued when a train passes
through the railroad crossing, and a departure time cal-
culation unit 204 that calculates a departure time of the
train at a predetermined stop spot depending on the
estimated alarm start time that has been acquired. This
can provide a train control system and a train control
method capable of preventing the alarm from being ex-
cessively prolonged while securing an alarm time from
restart of the alarm to arrival of the train.
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Description
Technical Field

[0001] The present invention relates to a train control
system and a train control method. In particular, the
present invention relates to the train control system
and the train control method that is applicable to a case
where a railroad crossing exists on a track.

Background Art

[0002] Atrailroad crossings on high-density rail lines in
urban areas, the alarm times of the railroad crossings are
prolonged, which is one of factors of traffic congestion
around the railroad crossings. On the other hand, there
exists a method for temporarily forcibly stopping alarms
at the railroad crossings.

[0003] PTL 1 discloses a railroad crossing control de-
vice. In this disclosure, when the railroad crossing control
device receives an instruction to stop an alarm sound of
the railroad crossing from an operation management
device because a failed train stops in a railroad crossing
control section, the railroad crossing control device
sends a stop request to an automatic train control device
after reconfirming that the failed train stops at a station,
and stops the alarm sound of the railroad crossing after
receiving a response in which the train in a station yard
has set in an immovable state from the automatic train
control device.

[0004] PTL 2 discloses a railroad crossing control sys-
tem. The railroad crossing control system includes an
operation management device that manages operations
of a plurality of trains based on train position information
transmitted from on-board devices constituting a part of a
wireless train control system, and a ground device that
exchanges signals including information or instructions
with the on-board devices, the railroad crossing control
device, and the operation management device. The op-
eration management device sends, to the ground device,
aninhibition instruction to temporarily stop the operations
of the trains. The ground device, which has received the
inhibition instruction, instructs the on-board devices to
set a stop limit, and instructs the railroad crossing control
device to interrupt alarm control.

Citation List
Patent Literature
[0005]

PTL 1: JP H11-78896 A
PTL 2: JP 2016-141251 A
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Technical Problem

[0006] In a case where an alarm is restarted after the
alarm of a railroad crossing is stopped, an alarm time
required until the train arrives after the alarm is restarted
has to be secured depending on the scale of the railroad
crossing in order to ensure the safety of people and the
like who cross the railroad crossing. There exists a meth-
od for uniformly securing a time from the restart of an
alarmto the start of traveling of the train in order to secure
the necessary alarmtime when atrainis ata stop atastop
spot such as a station. However, with this method, in a
case where the train is at a stop at a position far from the
railroad crossing, the time from the restart of the alarm to
arrival of the train at the railroad crossing becomes longer
than necessary. This prolongs the alarm time of the rail-
road crossing. On the other hand, when the train starts
traveling early, if the train is close to the railroad crossing,
the alarm time until the train arrives is shortened, and thus
the safety of people who cross the railroad crossing
cannot be secured.

[0007] Anobjectofthe presentinventionis to provide a
train control system and a train control method capable of
preventing an alarm time from being excessively pro-
longed while securing the alarm time from the restart of
the alarm to the arrival of a train.

Solution to Problem

[0008] In order to solve the above problems, the pre-
sentinvention is a train control system including an alarm
start time acquisition unit that acquires an estimated
alarm start time that is an estimated time of starting an
alarm of a railroad crossing issued when a train passes
through the railroad crossing, and a departure time cal-
culation unitthat calculates a departure time of the train at
a predetermined stop spot depending on the estimated
alarm start time that has been acquired.

[0009] Here, the train control system further includes a
railroad crossing information acquisition unit that ac-
quires a travel time required for the train to travel to a
control start point of the railroad crossing after departing
from the stop spot. The departure time calculation unit
can calculate the departure time based on the estimated
alarm start time and the travel time. In this case, the train
can be prevented from being excessively delayed while
the alarm time is secured.

[0010] Further, the departure time calculation unit can
set a time obtained by subtracting the travel time from the
estimated alarm start time as the departure time. In this
case, the departure time can be easily calculated.
[0011] The travel time can be changed depending on
trains. In this case, the train can be prevented from being
excessively delayed while the alarm time is secured
depending on trains.

[0012] Further,thetraveltime canbe changed depend-
ing on at least one of vehicle performance and an opera-
tion type of a train. In this case, the travel time can be
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calculated more easily.

[0013] The alarm start time acquisition unit can set a
time obtained by adding an alarm stop time, which is a
stop time of a designated alarm, to a railroad crossing
alarm stop time, which is a time when the alarm of the
railroad crossing stops, as the estimated alarm starttime.
This case makes it easier to acquire the estimated alarm
start time of the railroad crossing.

[0014] Further, the alarm start time acquisition unit can
acquire the alarm stop time designated depending on a
volume of traffic obstructing the railroad crossing. In this
case, the alarm stop time can be set depending on the
volume of traffic.

[0015] Furthermore, the alarm start time acquisition
unit can acquire the alarm stop time designated depend-
ing on a railroad crossing alarm time which is a time
during which the alarm of the railroad crossing continues.
In this case, the alarm stop time can be set depending on
the railroad crossing alarm time, and the alarm can be
prevented from being excessively prolonged.

[0016] The alarm starttime acquisition unitthen can set
the railroad crossing alarm stop time when the alarm of
the railroad crossing stops and no train is present be-
tween the stop spot and the control start point of the
railroad crossing. In this case, an appropriate railroad
crossing alarm stop time can be set.

[0017] The departure time calculation unit can set an
upper limit to the change amount of the departure time.
This case makes it possible to prevent the train from
being excessively delayed.

[0018] The upper limit of the change amount can be a
time margin of the train. In this case, the train is less likely
to be delayed.

[0019] The stop spot can be set to a railroad station.
This case makes train operation management easier.
[0020] Further, a planned schedule can be created
using the departure time. In this case, the planned sche-
dule can be created depending on the state of the railroad
crossing.

[0021] Further, the present invention is a train control
method including acquiring an estimated alarm start time
that is an estimated time of starting an alarm of a railroad
crossing issued when a train passes through the railroad
crossing, and calculating a departure time of the train ata
predetermined stop spot depending on the estimated
alarm start time that has been acquired.

Advantageous Effects of Invention

[0022] The present invention can provide a train con-
trol system and a train control method capable of pre-
venting an alarm from being excessively prolonged while
securing an alarm time from restart of the alarm to arrival
of the train.

Brief Description of Drawings

[0023]
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[FIG. 1]FIG. 1is a conceptual diagramiillustrating an
overall configuration of an operation management
system according to a present embodiment.

[FIG. 2] FIG. 2 is a block diagram illustrating a func-
tional configuration example of a departure time
determination device.

[FIG. 3] FIG. 3 is a flowchart explaining processing
performed when a departure time calculation device
calculates a departure time of a train.

Description of Embodiments

[0024] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the
accompanying drawings.

[First Embodiment]

[0025] A firstembodiment will be first described. In the
first embodiment, in a case where the alarm time of a
railroad crossing 102 becomes long and this excessively
obstructs people who cross the railroad crossing 102, the
commander of an operation management system stops
the alarm of the railroad crossing 102 and further sets an
estimated alarm start time for restarting the alarm. Then,
the departure time of a train that is at a stop at a stop spot
such as a station is adjusted depending on the estimated
alarm start time.

[0026] <Description of overall configuration of opera-
tion management system 1 >

[0027] FIG. 1 is a conceptual diagram illustrating an
overall configuration of an operation management sys-
tem 1 according to the present embodiment.

[0028] The illustrated operation management system
1 includes a down train 101a and an up train 101b, the
railroad crossing 102, controllers 103a and 103b, sta-
tions 104a and 104b, tracks 105a and 105b, and a
departure time determination device 201.

[0029] Inthe case of FIG. 1, the down train 101ais ata
stop at the station 104a. The down train 101atravels from
the left side to the right side in the drawing on the track
105a such as arailroad track. Thereafter, when arriving at
the controller 103a, the controller 103a detects the down
train 101a. As aresult, the railroad crossing 102 operates
and an alarm is issued. In FIG. 1, the time from when the
down train 101a departs from the station 104a to when it
arrives at the controller 103a is illustrated as a travel time
Td.

[0030] In the case of FIG. 1, the up train 101b is at a
stop at the station 104b. The up train 101b travels from
the right side to the left side in the drawing on the track
105b such as arailroad track. Thereafter, when arriving at
the controller 103b, the controller 103b detects the up
train 101b. As a result, the railroad crossing 102 operates
and an alarmis issued. In FIG. 1, the time from when the
up train 101b departs from the station 104b to when it
arrives at the controller 103b is illustrated as a travel time
Tu.
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[0031] Note that, atthe railroad crossing 102, when the
alarm is issued, vehicles and people that cross the rail-
road crossing 102 cannot pass. When the down train
101a and the up train 101b pass through the railroad
crossing 102, the alarm stops, and vehicles and people
can pass. In a case where the down train 101a and the up
train 101b are not distinguished from each other, they
may be simply referredto asa"train 101". Inacase where
the controller 103a and the controller 103b are not dis-
tinguished from each other, they may be simply referred
to as a "controller 103". Further, in a case where the
station 104a and the station 104b are not distinguished
from each other, they may be simply referred to as a
"station 104".

[0032] The departure time determination device 201 is
an example of a train control system. The departure time
determination device 201 determines a departure time of
the down train 101a at the station 104a. The departure
time determination device 201 determines a departure
time of the up train 101b at the station 104b.

[0033] The departure time determination device 201 is
a computer device. The departure time determination
device 201 includes, for example, a central processing
unit (CPU) that controls each unit through execution of a
program, and a display that displays an image and other
information. The departure time determination device
201 includes, for example, a keyboard for inputting char-
acters and the like, and a touch pad as a pointing device.
Further, the departure time determination device 201
includes, for example, a communication module used
for communication with an external device, an internal
memory in which system data and internal data are
stored, an external memory as an auxiliary storage de-
vice, and the like.

[0034] FIG.2isablockdiagramillustrating a functional
configuration example of the departure time determina-
tion device 201.

[0035] The illustrated departure time determination
device 201 includes a railroad crossing information sto-
rage device 202 that stores information about a railroad
crossing, a railroad crossing information acquisition unit
203 that acquires the information about the railroad
crossing from the railroad crossing information storage
device 202, a departure time calculation unit 204 that
calculates departure times of the down train 101a and the
up train 101b, an alarm start time acquisition unit 205 that
acquires an alarm start time of the railroad crossing 102,
and a departure time output unit 206 that outputs the
calculated departure time.

[0036] The railroad crossing information storage de-
vice 202 is an example of a railroad crossing information
storage unit. The railroad crossing information storage
device 202 stores, as the information about the railroad
crossing 102, a travel time taken for the down train 101a
and the up train 101b to travel to a control start point of the
railroad crossing 102 after departing from a stop spot. In
this case, the stop spot of the down train 101a is the
station 104a, and the stop spot of the up train 101b is the
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station 104b. Further, the control start point of the railroad
crossing 102 is the controller 103ain the case of the down
train 101a, and is the controller 103b in the case of the up
train 101b. That is, the railroad crossing information
storage device 202 stores the travel times Td and Tu
illustrated in FIG. 1.

[0037] The railroad crossing information acquisition
unit 203 acquires the travel times Td and Tu as the
information about the railroad crossing 102 from the
railroad crossing information storage device 202.
[0038] The departure time calculation unit 204 calcu-
lates the departure times of the down train 101a and the
up train 101b at predetermined stop spots depending on
an estimated alarm start time Tp acquired by the alarm
start time acquisition unit 205. That is, the departure time
calculation unit 204 calculates the departure time of the
down train 101a at the station 104a depending on the
estimated alarm starttime Tp. Further, the departure time
calculation unit 204 calculates the departure time of the
up train 101b at the station 104b depending on the
estimated alarm start time Tp. As will be described in
detail later, the departure time calculation unit 204 cal-
culates the departure times based on the alarm start time
and the travel times Td and Tu.

[0039] The alarm start time acquisition unit 205 ac-
quires an estimated alarm start time Tp, which is an
estimated time at which the alarm of the railroad crossing
102 starts. The alarm is issued when the down train 101a
and the up train 101b pass through the railroad crossing
102.

[0040] Thedeparturetime outputunit206 transmits the
departure times calculated by the departure time calcu-
lation unit 204 to the operation management system.

<Description of operation of departure time determina-
tion device 201>

[0041] The departure time determination device 201 is
a device that determines the departure time of the down
train 101a at the station 104a and the departure time of
the up train 101a at the station 104b depending on the
estimated alarm start time Tp, which is the time to restart
the alarm, after the alarm of the railroad crossing 102 is
stopped by the instruction from the commander. The
commander may set the estimated alarm start time Tp
when issuing the instruction to stop the alarm of the
railroad crossing 102, or may check the state of the
railroad crossing 102 after stopping the alarm of the
railroad crossing 102 to determine and set the estimated
alarm starttime Tp. The estimated alarm starttime Tp that
has been set is input to the departure time determination
device 201. The estimated alarm start time Tp that has
been input is acquired by the alarm start time acquisition
unit 205 and sent to the departure time calculation unit
204. The railroad crossing information storage device
202 is a storage device that holds, for each railroad
crossing 102, the travel time Td from departure of the
down train 101a from the station 104a to arrival at the
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down controller 103a of the railroad crossing 102 be-
tween stations, and the travel time Tu from departure of
the up train 101b from the station 104b to arrival at the up
controller 103b. Upon receiving the estimated alarm start
time Tp, the departure time calculation unit 204 refers to
the railroad crossing information storage device 202 via
the railroad crossing information acquisition unit 203 to
acquire the travel times Td and Tu.

[0042] The travel times Td and Tu may be calculated
using a standard run curve created as a travel plan of
trains between stations. Since the standard run curve is
given as a speed at each position between stations, the
time when the down train 101a arrives at the controller
103a after departing from the station 104a can be calcu-
lated using the standard run curve. Similarly, the time
when the up train 101b arrives at the controller 103b after
departing from the station 104b can be calculated using
the standard run curve. The travel times Td and Tu may
be changed depending on the down train 101a and the up
train 101b. That is, the travel times Td and Tu may be
changed depending on operation types and vehicle types
of the down train 101a and the up train 101b. For exam-
ple, the travel times Td and Tu may be changed by
changing the standard run curves between an express
train and alocal train. In addition, the travel times Td and
Tu may be changed depending on vehicle performance.
Forexample, the travel times Td and Tu may be changed
depending on adjustable speed performance of a vehi-
cle.

[0043] The departure time calculation unit 204 that has
acquired the travel times Td and Tu calculates the de-
parture time of the down train 101a at the station 104aina
manner that Tp - Td. Similarly, the departure time calcu-
lation unit 204 calculates the departure time of the up train
101b at the station 104b in a manner that Tp - Tu. That s,
the departure time calculation unit 204 sets times ob-
tained respectively by subtracting the travel times Td and
Tu from the estimated alarm start time Tp as the depar-
ture times. The departure time determination device 201
then transmits the calculated departure times to the
operation management system via the departure time
output unit 206. The operation management system
makes control such as course control on the down train
101a and the up train 101b using the received departure
times.

[0044] It is assumed that the departure times calcu-
lated by the departure time calculation unit 204 is times
later than the departure times in the planned schedule.
Thatis, the application of the departure times calculated
by the departure time calculation unit 204 might cause a
delay. Thus, the departure time calculation unit 204 may
set upper limits for the change amounts of the departure
times. For example, a time margin of the travel time
during which a delay can be recovered between stations
is determined as the upper limit of the change amount of
the departure time. In a case where the departure time
calculated by the departure time calculation unit 204
exceeds the upper limit, the time obtained by adding
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the change amount of the upper limit to the departure
time in the planned schedule is set as the departure time.
Further, a delay recovery operation for recovering adelay
may be performed after passing through the railroad
crossing 102. When the delay recovery operation is
performed before arrival of a train at the railroad crossing
102 and the train travels at a speed higher than that of the
standard run curve, the alarm time required for the train to
arrive at the railroad crossing 102 after the alarm starts
might be insufficient. Therefore, by performing the delay
recovery operation after passing through the railroad
crossing 102, the safety of the railroad crossing 102
can be improved.

[0045] In general, the controller 103 is installed at a
position where it takes a necessary alarm time from the
start of the alarm to the arrival of the train when the train
travels using the standard run curve from the position of
the controller 103 to the railroad crossing 102. Therefore,
the train 101 can be controlled so thatthe train 101 arrives
at the controller 103 at the estimated alarm start time Tp.
Therefore, the alarm starts at the estimated alarm start
time Tp, and the alarm time can be prevented from being
prolonged while a necessary alarm time is being secured.
Although the controllers 103a and 103b are illustrated as
the controller 103 in FIG. 1, the controller 103 may be
virtual. That s, the controller 103 is not actually installed,
and the alarm of the railroad crossing 102 may be started
when the train 101 arrives at the position corresponding
to the position of the controller 103.

[0046] Further, in a case where a plurality of the rail-
road crossings 102 exists between stations, one of the
plurality of the railroad crossings 102 can be selected to
determine a departure time. As a selection method, for
example, the railroad crossing 102 having a large volume
of crossing the railroad crossing 102 may be selected.
[0047] By configuring the departure time determination
device 201 as described above, the train arrives at the
controller 103 at the estimated alarm restart time of the
railroad crossing 102, and the alarm of the railroad cross-
ing 102 can be restarted. Therefore, it is possible to
prevent the alarm from being excessively prolonged
while securing the alarm time required until the train
101 arrives after the alarm of the railroad crossing 102
is restarted.

[0048] FIG. 3is aflowchart explaining processing per-
formed when the departure time determination device
201 calculates the departure times of the down train 101a
and the up train 101b.

[0049] The departure time determination device 201
executes the processing illustrated in FIG. 3 when ac-
quiring the estimated alarm start time Tp.

[0050] First, the alarm start time acquisition unit 205
acquires the estimated alarm start time Tp determined by
setting by the commander or the like (step S301).
[0051] The railroad crossing information acquisition
unit 203 acquires the travel times Td and Tu held as
the information about the railroad crossing by the railroad
crossing information storage device 202. That is, the
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railroad crossing information acquisition unit 203 ac-
quires the travel time Td from the departure of the down
train 101a from a station to the arrival of this train at the
down controller 103a and the travel time Tu from the
departure of the up train 101b from the station to the
arrival of this train at the up controller 103b (step S302).
[0052] Further, the departure time calculation unit 204
calculates the departure time of the down train 101a and
the departure time of the up train 101b by using the
estimated alarm start time Tp acquired in step S301
and the travel times Td and Tu acquired in step S302
(step S303). Specifically, the departure time of the down
train 101ais setas Tp - Td, and the departure time of the
up train 101b is set as Tp - Tu.

[0053] The departure time calculation unit 204 then
transmits the departure times calculated in step S303
to the operation management system via the departure
time output unit 206, and ends the processing (step
S304).

[0054] According to the above processing, the depar-
ture time of the train 101 at the station 104 is determined
depending on the time for traveling from the station 104 to
the controller 103 and the estimated alarm restart time at
the railroad crossing 102. As a result, the alarm of the
railroad crossing 102 can be restarted just at the esti-
mated alarm restart time. Therefore, it is possible to
prevent the alarm from being excessively prolonged
while securing the alarm time required until the arrival
ofthe train 101 after the alarm of the railroad crossing 102
restarts. In addition, the safety of people who cross the
railroad crossing 102 can be secured.

[Second Embodiment]

[0055] Next, a second embodiment will be described.
In the second embodiment, the commander sets an
alarm stop time Ts which is a time for stopping the alarm
instead of setting the estimated alarm start time Tp. The
departure time determination device 201 then calculates
the estimated alarm start time Tp based on the alarm stop
time Ts.

[0056] Inthe second embodiment, the alarm start time
acquisition unit 205 acquires an instruction to stop the
alarm of the railroad crossing 102 from the commander
and the alarm stop time Ts set by the commander. Thatis,
the alarm start time acquisition unit 205 acquires the
alarm stop time Ts instead of the estimated alarm start
time Tp (see parentheses in FIG. 2). The alarm start time
acquisition unit 205 outputs an instruction to prevent
departure of the train 101 from the station 104 to the
operation management system until a departure time at
the station 104 is determined. Thereafter, the alarm start
time acquisition unit 205 sets, as a railroad crossing
alarm stop time Te, the time when the alarm of the railroad
crossing 102 stops and the train 101 is not present
between the station 104 and the controller 103. That
is, for example, when the instruction to stop the alarm
of the railroad crossing 102 is acquired from the com-
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mander, if the alarm of the railroad crossing 102 is sound-
ing, the alarm start time acquisition unit 205 waits until the
alarm of the railroad crossing stops after the train passes,
and the time when the alarm stops is set as the railroad
crossing alarm stop time Te. Further, in a case where
another train is present between the station 104 and the
controller 103, the alarm start time acquisition unit 205
waits until the another train passes through the railroad
crossing 102 and the alarm stops even if the alarm of the
railroad crossing 102 stops. Then, the time when the
alarm stops after passage through the railroad crossing
102 is set as the railroad crossing alarm stop time Te.
[0057] On the other hand, when the alarm of the rail-
road crossing 102 stops and the train 101 is not present
between the station 104 and the controller 103, the alarm
start time acquisition unit 205 sets, as the railroad cross-
ing alarm stop time Te, the time when the instruction to
stop the alarm of the railroad crossing 102 is acquired
from the commander.

[0058] After determining the railroad crossing alarm
stop time Te, the alarm start time acquisition unit 205
sets Te + Ts as the estimated alarm start time Tp. That s,
the alarm start time acquisition unit 205 sets a time
obtained by adding the alarm stop time Ts, which is a
stop time of a designated alarm, to the railroad crossing
alarm stop time Te, which is a time when the alarm of the
railroad crossing stops, as the estimated alarm start time
Tp. Thereafter, the same processing as in the first em-
bodiment is performed to determine the departure times
at the station 104. Note that the alarm start time acquisi-
tion unit 205 may acquire the alarm stop time Ts desig-
nated depending on the volume of traffic obstructing the
railroad crossing 102. Forexample, in a case where there
are many vehicles and pedestrians waiting for the alarm
of the railroad crossing 102 to stop, the alarm stop time Ts
may be set to be long. On the contrary, in a case where
there are few vehicles or pedestrians waiting for the alarm
ofthe railroad crossing 102 to stop, the alarm stop time Ts
may be set to be short. Alternatively, the alarm start time
acquisition unit 205 can acquire the alarm stop time Ts
designated depending on the railroad crossing alarm
time, which is a time during which the alarm of the railroad
crossing 102 continues. Forexample, ina case where the
railroad crossing alarm time is long (in a case where the
alarm of the railroad crossing 102 continues for a long
time), the alarm stop time Ts may be setto be long. On the
contrary, in a case where the railroad crossing alarm time
is short (in a case where the alarm of the railroad crossing
102 does not continue for along time), the alarm stop time
Ts may be set to be short.

[0059] By configuring the alarm start time acquisition
unit 205 as described above, it is possible to stop the
alarm of the railroad crossing 102 and determine the
estimated alarm start time Tp automatically in considera-
tion of the alarm state of the railroad crossing 102 and the
presence position of a train on a railroad. As a result, the
stop and restart of the alarm of the railroad crossing 102
are easier than those in the first embodiment.
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[Third Embodiment]

[0060] Next, a third embodiment will be described. In
the third embodiment, the departure time at the station
104 is determined at a planning stage. That is, the first
embodiment and the second embodiment have de-
scribed the configuration in which the alarm of the railroad
crossing 102 is stopped in accordance with the instruc-
tion to stop the alarm of the railroad crossing 102 from the
commander. According to this, the departure time of the
train 101 is different from the time in the planned sche-
dule. On the other hand, in the third embodiment, the
alarm stop time Ts is setin advance at the time of creating
the planned schedule, and the departure time of the train
101 is determined in advance depending on the setalarm
stop time Ts. Then, the planned schedule is created using
the departure time.

[0061] The departure time in the planned schedule is
calculated using the railroad crossing alarm stop time Te
and the alarm stop time Ts described in the second
embodiment. The departure times of the plurality of trains
101 in the planned schedule are determined depending
on the alarm stop times Ts set for the respective trains.
Using the standard run curve between stations, the time
from when a train preceding the train 101 departs from a
station to when the train passes through the railroad
crossing 102 is calculated, and the railroad crossing
alarm stop time Te, which is the time when the train
preceding the train 101 passes through the railroad
crossing 102 and the alarm of the railroad crossing
102 stops, is calculated. By using the calculated railroad
crossing alarm stop time Te and the alarm stop time Ts set
forthetrain 101, Te + Ts is set as the estimated alarm start
time Tp for the train 101. Thereafter, the same processing
as in the first embodiment is performed to determine the
departure time at the station 104, and the determined
departure time is set as the departure time of the train 101
in the planned schedule.

[0062] The departure times in the planned schedule
are determined as described above. The departure times
of the plurality of trains 101 for which the alarm stop time
Ts is set are adjusted, and the trains travel in accordance
with the schedule. This makes it possible to stop the
alarm of the railroad crossing 102 during the alarm stop
time Ts when the train 101 departs from the station.
[0063] In the operation management system 1 de-
scribed in detail above, the predetermined stop spot is
the railroad station 104. However, the presentinventionis
not limited thereto, and the predetermined stop point may
be a signal station which is a single passing track facility.

<Description of train control method>

[0064] Here, the processing performed by the depar-
ture time determination device 201 can be understood as
a train control method for acquiring an estimated alarm
starttime, which is an estimated time of starting the alarm
of the railroad crossing 102 issued when the train 101
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passes through the railroad crossing 102, and calculating
the departure time of the train 101 at a predetermined
stop spot, such as the station 104, depending on the
estimated alarm start time that has been acquired.
[0065] Although the embodiments have been de-
scribed above, the technical scope of the present inven-
tion is not limited to the scope described in the above
embodiments. It is apparent from the description of the
claims that various modifications orimprovements added
to the above embodiments are included in the technical
scope of the present invention.

Reference Signs List
[0066]

1 operation management system

101a down train

101b up train

102 railroad crossing

103a, 103b controller

104a, 104b station

105a, 105b track

201 departure time determination device

202 railroad crossing information storage device
203 railroad crossing information acquisition unit
204 departure time calculation unit

205 alarm start time acquisition unit

206 departure time output unit

Claims
1. A train control system comprising:

an alarm start time acquisition unit that acquires
an estimated alarm start time that is an esti-
mated time of starting an alarm of a railroad
crossing issued when a train passes through
the railroad crossing; and

a departure time calculation unit that calculates
a departure time of the train at a predetermined
stop spot depending on the estimated alarm
start time that has been acquired.

2. Thetrain control system according to claim 1, further
comprising a railroad crossing information acquisi-
tion unit that acquires a travel time required for the
train to travel to a control start point of the railroad
crossing after departing from the predetermined stop
spot,
wherein the departure time calculation unit calcu-
lates the departure time based on the estimated
alarm start time and the travel time.

3. Thetrain control system according to claim 2, where-
in the departure time calculation unit sets a time
obtained by subtracting the travel time from the
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estimated alarm start time, as the departure time.

The train control system according to claim 2, where-
in the travel time is changed depending on the train.

The train control system according to claim 4, where-
in the travel time is changed depending on at least
one of vehicle performance and an operation type of
the train.

The train control system according to claim 1, where-
in the alarm start time acquisition unit sets a time
obtained by adding an alarm stop time that is a stop
time of a designated alarm to a railroad crossing
alarm stop time that is a time when the alarm of
the railroad crossing stops, as the estimated alarm
start time.

The train control system according to claim 6, where-
in the alarm start time acquisition unit acquires the
alarm stop time designated depending on a volume
of traffic obstructing the railroad crossing.

The train control system according to claim 6, where-
in the alarm start time acquisition unit acquires the
alarm stop time designated depending on a railroad
crossing alarm time that is a time when the alarm of
the railroad crossing continues.

The train control system according to claim 6, where-
in the alarm start time acquisition unit sets the rail-
road crossing alarm stop time when the alarm of the
railroad crossing stops and no train is present be-
tween the predetermined stop spot and a control
start point of the railroad crossing.

The train control system according to claim 1, where-
in the departure time calculation unit sets an upper
limit for a change amount of the departure time.

The train control system according to claim 10,
wherein the upper limit of the change amount is a
time margin of the train.

The train control system according to claim 1, where-
in the predetermined stop spot is a station of a rail-
road.

The train control system according to claim 1, where-
in the departure time is used for creating a planned
schedule.

A train control method comprising:

acquiring an estimated alarm start time thatis an
estimated time of starting an alarm of a railroad
crossing issued when a train passes through the
railroad crossing; and
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calculating a departure time of the train at a
predetermined stop spot depending on the es-
timated alarm start time that has been acquired.
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