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(54) TRAIN CONTROL DEVICE

(57) A train control device in an embodiment of the
present invention is provided with the following: a detec-
tion unit for detecting the current position and speed of
a train provided with the device; a timing unit for tracking
the current time; a schedule input unit for inputting sched-
ule data comprising an expected arrival time of the train
at each station on a route; and a calculation unit for cal-
culating a travel plan to the next station on the basis of
a target travel time found by subtracting the tracked cur-
rent time from the expected arrival time for the next sta-
tion, which is included in the inputted schedule data, as
well as on the basis of the detected current position, the
detected speed, and the operating properties of the train
and the route conditions.
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Description

FIELD

[0001] Embodiments of the present invention relate to
a train control device.

BACKGROUND

[0002] Conventionally, vehicles such as trains com-
prise an automatic train operation (ATO) to maintain sta-
ble operation and reduce possibility of delays. The ATO
generates, in advance, a running plan for a section from
one station to the next stop station, and perform various
kinds of controls such as speed control and brake control
in accordance with the running plan.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2003-235116

SUMMARY

Problem to be Solved by the Invention

[0004] The running plan in the ATO is calculated ac-
cording to railroad data or vehicle model data so that a
running time of the running plan becomes close to a pre-
determined running time determined for each distance
between stations. However, the running plan is not cre-
ated by taking into account an arrival time at the next
station. Therefore, according to the above-mentioned
conventional technique, when a train leaves a station with
a delay behind a train operation diagram, the train may
arrive at the next station with a delay behind the train
operation diagram.

Means for Solving Problem

[0005] A train control device of an embodiment com-
prises a detection unit, a clock unit, a diagram input unit,
and a calculating unit. The detection unit detects a current
position and a speed of a train. The clock unit keeps a
current time. The diagram input unit inputs diagram data
including a scheduled arrival time of the train at each of
stations on a route. The calculating unit calculates a run-
ning plan to a next station based on a target running time
obtained by subtracting the current time from a scheduled
arrival time at the next station included in the input dia-
gram data, the detected current position, the detected
speed, operational characteristics of the train, and a route
condition.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

FIG. 1 is a block diagram illustrating a configuration
of a train control device according to a first embod-
iment.
FIG. 2 is a flowchart illustrating one example of op-
erations of the train control device according to the
first embodiment.
FIG. 3 is a conceptual diagram exemplifying a run-
ning plan.
FIG. 4 is a conceptual diagram exemplifying a run-
ning plan in which way stations are present.
FIG. 5 is a conceptual diagram exemplifying a run-
ning plan in which way stations are present.
FIG. 6 is a conceptual diagram exemplifying a run-
ning plan in which way stations are present.
FIG. 7 is a block diagram illustrating a configuration
of a train control device according to a second em-
bodiment.
FIG. 8 is a conceptual diagram exemplifying a rela-
tionship between a brake pattern estimated from a
speed limit and a running plan.
FIG. 9 is a conceptual diagram exemplifying recal-
culation of a running plan for a case when a distance
from a leading train is increased.

DETAILED DESCRIPTION

[0007] In the following, embodiments of a train control
device are described in detail with reference to the at-
tached drawings.

First Embodiment

[0008] FIG. 1 is a block diagram illustrating an config-
uration of a train control device 1 according to a first em-
bodiment. As illustrated in FIG. 1, a train T is provided
with the train control device 1 and a drive and brake con-
trol device 3 that drives and brakes the train T according
to a drive instruction or a brake instruction from the train
control device 1. The train T runs on a rail R as the drive
and brake control device 3 drives and brakes wheels 2.
The drive and brake control device 3 includes an inverter
for controlling a motor and a brake control device for per-
forming cooperative control of air braking by the brake
device and electric braking by the motor.
[0009] The train control device 1 includes a speed and
position detection unit 10, an automatic train control
(ATC) on-vehicle device 20, an ATO device 30, a diagram
input unit 31, a database 32, a clock unit 33, and a display
device 60. The speed and position detection unit 10 de-
tects the speed of the train T running on the rail R and
position of the train T on the route. Specifically, the speed
and position detection unit 10 detects the speed of the
train T based on an output value from a tacho generator
(TG) 12 linked with rotation of the wheels 2. A pulse gen-
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erator (PG), linked with rotation of the wheels 2, can be
used in place of the TG 12. The speed and position de-
tection unit 10 also detects the current position of the
train T on the route, based on a running distance obtained
by integrating the speed of the train T and a signal from
a ground coil 13 received by a pickup coil 11. The speed
and current position of the train T detected by the speed
and position detection unit 10 are output as speed and
position information to the ATC on-vehicle device 20 and
the ATO device 30.
[0010] The ATC on-vehicle device 20 receives, via a
power receiver 21, information provided by an ATC
ground device 22 as an analog signal via a track circuit
23 formed by using the rail R. The ATC on-vehicle device
20 outputs a brake instruction to the drive and brake con-
trol device 3 based on the information output from the
ATC ground device 22 and the speed of the train T. The
information from the ATC ground device 22 includes a
signal aspect indicating a speed limit (hereinafter referred
to as "aspect speed limit") for a blocked section where
the train T resides. The ATC on-vehicle device 20 com-
pares the aspect speed limit output from the ATC ground
device 22 with the speed of the train T. If the speed of
the train T exceeds the aspect speed limit, the ATC on-
vehicle device 20 outputs a brake instruction to the drive
and brake control device 3. The ATC on-vehicle device
20 also outputs the aspect speed limit received via the
power receiver 21 to the ATO device 30.
[0011] The ATO device 30 outputs a drive instruction
or a brake instruction to the drive and brake control device
3 under the ATC on-vehicle device 20. Specifically, the
ATO device 30 outputs to the drive and brake control
device 3 a control instruction (notch instruction) such as
a drive instruction or a brake instruction based on the
speed and current position of the train T detected by the
speed and position detection unit 10. Accordingly, the
train T runs at a speed within a range at which the speed
does not exceed the signal-indicative speed output from
the ATC on-vehicle device 20, and stop the train T at a
predetermined position in a station.
[0012] The ATO device 30 also calculates a running
plan for the train T at the current position and the speed
detected by the speed and position detection unit 10 to
arrive at the next station according to operation charac-
teristics of the train T and route conditions (detailed de-
scriptions will be provided later). The running plan in-
cludes data defining sections to which driving operation,
coasting operation, and braking operation are assigned,
and further includes running curves, in order to run and
stop the train T at a target position in the next station on
a predetermined running time. The ATO device 30 oper-
ates the train T according to the calculated running plan.
[0013] When performing automatic operation, the ATO
device 30 outputs a drive instruction or a brake instruction
to the drive and brake control device 3 based on the run-
ning plan. The train control device 1 then automatically
operates the train T according to the running plan. When
performing manual operation, the ATO device 30 causes

the display device 60 installed in the driver’s platform to
display a target speed based on the running plan. The
driver manipulates a master controller (not illustrated) to
follow the target speed displayed on the display device
60. Thus, the train T can manually be operated according
to the running plan.
[0014] The diagram input unit 31 receives diagram da-
ta including scheduled arrival (passage) times of the train
T at individual stations on the route. For example, the
diagram input unit 31 obtains the diagram data through
wireless communication via a communication device 40
or obtains the diagram data from a memory unit 52, such
as an IC card, of a duty card 51 connected to an I/F device
50, or the like. The diagram data input from the diagram
input unit 31 is recorded as operational conditions in the
database 32.
[0015] In this example, the diagram data for each of
trains running on the route is managed in management
center 41. The diagram data is sent, via a telecommuni-
cation line to a station management device 42 on the
route of the train T. The station management device 42
provides the train T with the diagram data for the train T
obtained from the operation management center 41 by
performing wireless-communications with the communi-
cation device 40 installed in the train T or by writing to
the memory unit 52 of the duty card 51 inserted by the
driver into the I/F device 50 at the start of operation.
[0016] The communication device 40 is a device for
performing wireless-communications with the station
management device 42, receive GPS signals, and the
like. The communication device 40 receives, via wireless,
the diagram data output from the station management
device 42 and forwards the diagram data to the diagram
input unit 31. The I/F device 50 is a card reader or the
like to read the diagram data from the memory unit 52 of
the duty card 51 and output the diagram data to the dia-
gram input unit 31.
[0017] The database 32 stores data necessary for op-
eration of the train T such as route conditions (gradients,
curvatures, speed limits, and/or the like), operational con-
ditions (target stop positions at individual stations, dia-
gram data including scheduled passage or arrival times
at individual stations, and/or the like), and vehicle char-
acteristics (vehicle weight, train operation characteristics
such as acceleration/deceleration performance, and/or
the like). Specifically, the database 32 may be a hard
disc installed in the train T or an IC card carried by the
driver or the like. In the case of an IC card, the driver can
use the database 32 by inserting the IC card into the I/F
device 50 when initiating operation.
[0018] The clock unit 33 has real time clock (RTC) func-
tion to keep the current time. The current time kept by
the clock unit 33 is output to the ATO device 30. It is
assumed that the current time kept by the clock unit 33
is synchronized with the current time referenced by the
operation management center 41 when generating the
diagram data. Specifically, the current time is to be syn-
chronized with GPS time included in the GPS signal at
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the operation management center 41 and the train T.
Also, the synchronization of the current time of the clock
unit 33 with the current time used by the operation man-
agement center 41 may be performed by wireless-com-
munications during stopping at stations.
[0019] Next, detailed descriptions will be given as to
calculation of the running plan by the ATO device 30 and
running of the train T according to the calculated running
plan. FIG. 2 is a flowchart illustrating one example of
operations performed by the train control device 1 ac-
cording to the first embodiment.
[0020] As illustrated in FIG. 2, the ATO device 30 ob-
tains the current position and current speed of the train
T from the speed and position detection unit 10 and fur-
ther obtains the current time from the clock unit 33 (S1).
Then, the ATO device 30 determines whether a running
plan for getting to the next station has been prepared
(S2). Here, the ATO device 30 determines that no running
plan to the next station has been prepared when the train
T is standing by for leaving or the next station data has
been updated at S14, because such a running plan is yet
to be calculated. Otherwise, the ATO device 30 deter-
mines that a running plan to the next station has been
prepared when the train T is running according to the
calculated running plan.
[0021] When it is determined at S2 that no running plan
has been prepared, the ATO device 30 refers to the di-
agram data included in the operational conditions input
by the diagram input unit 31 and recorded in the database
32 to obtain the scheduled arrival (passage) time at the
next station (S3). Next, the ATO device 30 calculates the
target running time by subtracting the current time from
the scheduled arrival (passage) time at the next station
(S4), and calculates a running plan in which the running
time becomes close to the target running time based on
the route conditions and vehicle characteristics recorded
in the database 32 (S5). Accordingly, the ATO device 30
performs automatic operation or manual operation ac-
cording to the calculated running plan.
[0022] FIG. 3 is a conceptual diagram for exemplifying
a running plan P. As illustrated in FIG. 3, the train T is
stopping at a station ST1 and has a scheduled arrival
time at 12:02:30 at a next station ST2. When the train T
leaves the station ST1 at 12:00:18, the target running
time between the stations ST1 and ST2 becomes
0:02:12. The ATO device 30 calculates the running plan
P to define sections and running curves for driving oper-
ation, coasting operation, and braking operation so that
the running time based on the running plan becomes
close to the target running time between the stations ST1
and ST2 and follows the speed limit in the route condi-
tions recorded in the database 32. Here, the running plan
P is calculated by using a publicly-known method for pre-
dicting the running behavior of the train T with the use of
a mechanical train model based on vehicle characteris-
tics, such as a method described in Japanese Patent
Application Laid-open No. H4-284684, for example.
[0023] The running time in the running plan P calculat-

ed as described above may deviate from the target run-
ning time. Specifically, despite an attempt to make the
running time of the calculated running plan P close to the
target running time, the attempt may fail due to delay in
leaving a station, a running speed lower than that in the
running plan resulting from the driver’s operation be-
tween the stations, and/or the like. Therefore, in such a
case, the ATO device 30 causes the display device 60
to display a warning screen to notify the driver of a pos-
sibility that the train T may not arrive at the next station
on time according to the train operation diagram. Specif-
ically, the ATO device 30 displays, on the display device
60, a delay time behind the train operation diagram based
on the running time in the running plan P and the sched-
uled arrival time. This notification may be provided by a
warning sound from a speaker or the like, or may be
provided to the station management device 42 and the
operation management center 41 via the communication
device 40 so that an operator other than the driver is
notified.
[0024] Returning to FIG. 2, when it is determined at S2
that a running plan is prepared, that is, the train T is run-
ning according to the calculated running plan, the ATO
device 30 determines whether the running plan needs to
be recalculated (S6). Specifically, the ATO device 30 de-
termines that the running plan needs to be recalculated
if the speed of the train T detected by the speed and
position detection unit 10 or the time indicated by the
clock unit 33 has deviated from the running plan by a
threshold value or more, if the signal-indicating speed
(speed limit) has been changed by the analog ATC, or if
a sufficient distance from a leading train is secured after
slowing down due to extremely close proximity to the
leading train. On the other hand, the ATO device 30 de-
termines that the running plan does not need to be re-
calculated when no sufficient distance from the leading
train has been yet maintained after slowing down due to
extremely close proximity to the leading train because
the ATO device 30 performs deceleration control (S10)
not according to the running plan in the meantime. Spe-
cifically, when a predetermined period of time has
elapsed after a sufficient distance from the leading train
is secured and an increased aspect speed limit is notified
via the ATC on-vehicle device 20 so as to agree to the
speed limit in the route conditions at the current position
of the running train T, the ATO device 30 determines that
the distance from the leading train has become sufficient
and thus the running plan needs to be recalculated.
[0025] When it is determined, at S6, that the running
plan needs to be recalculated, the ATO device 30 calcu-
lates the target running time by subtracting the current
time at which the running plan is recalculated from the
scheduled arrival (passage) time at the next station (S7)
as at S4 and S5. Then, the ATO device 30 calculates a
running plan such that the running time becomes close
to the target running time based on the route conditions
and vehicle characteristics recorded in the database 32
(S8). Accordingly, the ATO device 30 performs automatic
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operation or manual operation according to the newly
calculated running plan. Therefore, for example, even
when the train T has excessively approached the leading
train between stations, a new running plan is calculated
after a sufficient distance from the leading train has been
maintained again. This makes it possible to continue an
operation without deviating from the train operation dia-
gram.
[0026] Then, during running according to the running
plan, the ATO device 30 determines whether there is a
leading train the train T is approaching (S9). Specifically,
the ATO device 30 compares the speed limit in the route
conditions at the current position of the running train T
with the aspect speed limit notified via the ATC on-vehicle
device 20. Then, the ATO device 30 determines that there
is a leading train the train T is approaching if the aspect
speed limit lowers due to the approach to the leading
train. When a predetermined period of time has elapsed
after the aspect speed limit increases and agrees to the
speed limit in the route conditions, the ATO device 30
determines that a sufficient distance is maintained from
the leading train.
[0027] When it is determined that there is a sufficient
distance maintained from the leading train or there is no
leading train the train T is approaching, at S9, the ATO
device 30 continues the running of the train T according
to the running plan (S10). On the other hand, when it is
determined, at S9, that the train T has approached the
leading train, the ATO device 30 performs deceleration
control under which the train T is decelerated as com-
pared to the running plan so as to satisfy a sufficient
distance from the leading train (S11).
[0028] Subsequent to S10 and S11, the ATO device
30 determines whether the next station is a way station
(next station = way station?) (S12). When it is deter-
mined, at S12, that the next station is a way station (next
station = way station), the ATO device 30 then deter-
mines whether the train T has sufficiently approached
the next station way station) based on speed and position
information from the speed and position detection unit
10 (S13). The approach to the next station (way station)
is determined depending on whether the train T has been
within a predetermined distance from the next station
(way station). More specifically, the ATO device 30 de-
termines that the train T has sufficiently approached the
next station when the first car of the train T has reached
a predetermined entrance position of the station. When
it is determined that the train T has not yet sufficiently
approached the next station with a distance remained,
the ATO device 30 returns the process to S1. When it is
determined that the train T has sufficiently approached
the next station, the ATO device 30 changes the station
after next to the next station (S14).
[0029] Meanwhile, when it is determined at S12 that
the next station is not a way station but a stop station
(next station = stop station), the ATO device 30 deter-
mines whether the train T has arrived at the next station
(stop station) based on speed and position information

from the speed and position detection unit 10 (S15). Spe-
cifically, when the train T has arrived at the target stop
position in the stop station, the ATO device 30 determines
that the train T has arrived at the stop station. When it is
determined at S15 that the train T has arrived at the next
station (stop station), the ATO device 30 terminates the
process for running from the starting station to the stop
station. When it is determined that the train T has not yet
arrived at the next station, the ATO device 30 returns to
S1 to continue the process for running from the starting
station to the stop station.
[0030] FIGS. 4 to 6 are conceptual diagrams for exem-
plifying running plans P1 to P5 with way stations STa to
STd. As illustrated in FIG. 4, with the way stations STa
to STd between the stations ST1 and ST2, the running
plans P1 to P5 are calculated for the individual way sta-
tions according to the flowchart described above, and
the train T runs according to the running plans P1 to P5.
Target stop position M1 refers to the position of the first
car of the train T stopped at each of the stations, relative
to which the scheduled arrival (passage) time of the train
T at each of the stations is set. Entry start position M2
refers to the position at which the train T starts to enter
each of the stations.
[0031] Specifically, when the train T leaves the station
ST1 at 12:00:12 and the scheduled time of passage
through the way station STa recorded in the database
32 is 12:02:15, the running plan P1 is calculated such
that the train T runs in the target running time 0:02:03
and passes through the way station STa within a prede-
termined speed limit. Thus, as illustrated in FIG. 5, the
train T runs according to the running plan P1 within the
range from the target stop position M1 in the station ST1
to the target stop position M1 in the way station STa.
Then, the running plan P2 is calculated with the target
running time based on the time at which the train T has
sufficiently approached the way station STa (the train T
has arrived at the entrance position M2) and the sched-
uled time 12:04:45 of passage through the way station
STb. Thus, as illustrated in FIG. 6, the train T runs ac-
cording to the running plan P2 within the range from the
entrance position M2 in the way station STa to the target
stop position M1 in the way station STb. In the overlap-
ping area between the running plan P1 and the running
plan P2, to keep the continuity of the running plans, the
train T runs according to the running plan P1 until the
calculation of the running plan P2 is completed. There-
after, when the running plan P2 is prepared, the train T
runs according to the running plan P2. Then, in the same
manner as described above, the running plans P3 to P5
are calculated with the running times based on the arrival
times at the way stations STb to STd and the scheduled
passage (arrival) times at the next stations, and the train
T runs according to the running plans P3 to P5.
[0032] As described above, when the way stations STa
to STd exist between the stations ST1 and ST2, the run-
ning plans can be finely calculated for the individual sta-
tions to reduce hardware resources necessary for calcu-
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lation of the running plans and load thereon. In addition,
when the train T runs according to the running plans cal-
culated for the individual way stations, even if a delay or
the like occurs at a way station in the course of running,
it is possible to eliminate the delay at another way station
and thus enhance punctuality of the train T relative to the
scheduled times of passage through the individual way
stations.

Second Embodiment

[0033] Although the analog ATC is used in the first em-
bodiment, a digital ATC is used instead in a second em-
bodiment.
[0034] FIG. 7 is a block diagram of an exemplary con-
figuration of a train control device 1a according to a sec-
ond embodiment. As illustrated in FIG. 7, an ATC on-
vehicle device 20a receives, via a power receiver 21a,
information provided by an ATC ground device 22a as a
digital signal via the track circuit 23 formed by using the
rail R. The ATC on-vehicle device 20a outputs a brake
instruction to the drive and brake control device 3 based
on the information provided by the ATC ground device
22a and the speed of the train T. The digital ATC system
allows the ATC ground device 22a to provide a larger
amount of information as compared to the analog ATC.
The information provided by the ATC ground device 22a
includes the number of open sections as well as an as-
pect speed limit in a closed section where the train T
resides. The number of open sections indicates the
number of closed section between the closed section in
which the leading train is running and the closed section
in which the train T is running. The ATC on-vehicle device
20 outputs to the ATO device 30 the aspect speed limit
and the number of open sections received by the power
receiver 21a.
[0035] In the same manner as described above refer-
ring to FIG. 2 in relation to the first embodiment, the run-
ning plan P is calculated by the ATO device 30 in the
second embodiment. If the running time in the calculated
running plan P is longer than the target running time (e.g.,
in a case where the train T is to be delayed behind the
target running time even though the train T runs accord-
ing to the fastest running plan), the ATO device 30 adjusts
the running plan P so that the running speed of the train
T becomes close to a brake pattern in the ATC on-vehicle
device 20a estimated based on the speed limit in the
route conditions until the running speed of the train T
agrees to the brake pattern (so as to increase the degree
of deceleration at the time of deceleration). In the course
of running, when a wiring voltage is relatively high and
an acceleration higher than initially envisioned in the run-
ning plan P is acquired so that the train T is to get an
early arrival on the running according to the running plan
P, the ATO device 30 adjusts the running plan P to de-
celerate the train T at a more anterior position (lower the
degree of deceleration (return to the original level) at the
time of deceleration).

[0036] FIG. 8 is a conceptual diagram for exemplifying
a relationship between a brake pattern BP estimated from
a speed limit and the running plan P. As illustrated in FIG.
8, the running plan P can be calculated as running plan
Pb to shorten the running time within the range of the
brake pattern BP estimated based on the speed limit in
the ATC on-vehicle device 20a. Here, the running plan
P is calculated as the running plan Pb by making the
deceleration start position close to the brake pattern BP
to make the running speed of the train T close to the
brake pattern BP. In addition, the running plan P can also
be calculated as running plan Pa to lengthen the running
time by setting the deceleration start position to be ante-
rior to that in the brake pattern BP. In the running plan
Pa, ride quality can be improved by lessening of rapid
deceleration as compared to the running plan Pb.
[0037] In case when there is a leading train the train T
is approaching, the ATO device 30 determines whether
the distance from the leading train is equal to or more
than a predetermined distance (refer to FIG. 2, S9) de-
pending on whether the number of open sections has
become equal to or more than a predetermined value.
This allows running in accordance with the distance from
the leading train.
[0038] FIG. 9 is a conceptual diagram for exemplifying
recalculation of a running plan for the case when a dis-
tance from a leading train T1 is increased. As illustrated
in FIG. 9, when the train T is running from the station ST1
to the station ST2 according to a running plan P10 and
is approaching the leading train T1, the train T is decel-
erated because the leading train T1 is made in contact
with a brake pattern BP1. This deceleration increases
the number of open sections between the train T and the
leading train T1 and the brake pattern BP1 proceeds with
running of the leading train T1, thereby to create a dis-
tance to a degree that no contact occurs with the brake
pattern BP1. Therefore, when the number of open sec-
tions has reached the value with which no deceleration
occurs according to the brake pattern BP, the ATO device
30 calculates a new running plan P20 for running the
train T to the station ST2. Accordingly, it is possible to
continue operation with less deviation from the train op-
eration diagram while maintaining the distance from the
leading train T1.
[0039] The present invention is not limited to the fore-
going embodiments but can be embodied in a practical
phase with modification of constitutional elements with-
out deviating from the gist of the present invention. In
addition, various inventions can be implemented by ap-
propriate combinations of a plurality of constitutional el-
ements disclosed relative to the foregoing embodiments.
For example, some of the constitutional elements in the
embodiments may be removed. Further, constitutional
elements in different embodiments can be combined as
appropriate.
[0040] As in the foregoing, some embodiments of the
present invention are described. However, these embod-
iments are merely provided as examples and are not in-
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tended to limit the scope of the present invention. These
novel embodiments can be implemented in various other
modes, and various omissions, replacements, and mod-
ifications can be made relative to the embodiments with-
out deviating from the gist of the present invention. These
embodiments and modifications thereof are included in
the scope and gist of the present invention, and in the
scope of the inventions described in the patent claims
and equivalents thereof.

Claims

1. A train control device comprising:

a detection unit that detects a current position
and a speed of a train;
a clock unit that keeps a current time;
a diagram input unit that inputs diagram data
including a scheduled arrival time of the train at
each of stations on a route; and
a calculating unit that calculates a running plan
to a next station based on a target running time
obtained by subtracting the current time from a
scheduled arrival time at the next station includ-
ed in the input diagram data, the detected cur-
rent position, the detected speed, operational
characteristics of the train, and a route condition.

2. The train control device according to Claim 1, where-
in the calculating unit calculates a running plan in
which the running time is made close to the target
running time by shortening the running time, the run-
ning time being shortened by making the running
speed of the train close to a brake pattern within a
range in which the running speed is made not in con-
tact with a brake pattern of an automatic train control
(ATC) based on the route condition.

3. The train control device according to Claim 1, where-
in the calculating unit calculates a running plan in
which the running time is made close to the target
running time by elongating the running time, the run-
ning time being elongated by decelerating the train
at a more anterior position within a range in which
the running speed is made not in contact with a brake
pattern of the ATC system based on the route con-
dition.

4. The train control device according to Claim 1, where-
in
the diagram data includes scheduled passage times
of the train at way stations on the route, and
the calculating unit calculates, for each of the way
stations, a running plan in which the running time is
made close to the target running time that is obtained
by subtracting the current time from the scheduled
arrival or passage time at a next station included in

the input diagram data.

5. The train control device according to Claim 1, further
comprising a notification unit that notifies of a warn-
ing if a running plan in which a running time deviates
from the target running time is calculated.

6. The train control device according to Claim 1, where-
in, when the train is decelerated due to approach of
a leading train while the train is running in accord-
ance with the running plan, the calculating unit re-
calculates the running plan when a distance between
the leading train and the train has become a prede-
termined distance or more.

7. The train control device according to Claim 6, further
comprising a reception unit that receives a number
of open sections indicating a number of closed sec-
tions between the leading train and the train, wherein
the calculating unit recalculates the running plan
when the number of open sections has become a
predetermined value or more.
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