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DESCRIPTION 
TRAIN CONTROL SYSTEM 

 
Field 
[0001] 5 
 The embodiments of the present invention relate to a train 
control system. 
 
Background 
[0002] 10 
 During rush hours or the like on a railroad, a plurality of trains 
become close to each other and run in a congested state in some 
cases.  In such cases, a following train may be temporarily stopped 
between stations in response to a stopping signal to prevent a 
collision with a preceding train.  If a train is temporarily stopped, a 15 
deceleration and a re-acceleration occur, which increase the amount 
of power consumption in the train.  Furthermore, the ride quality for 
the passengers in the train is deteriorated. 
[0003] 
 There is disclosed a method in which a ground device 20 
recognizing the situations of respective trains within a route 
transmits information of a preceding train to a following train being a 
control target train, and the following train controls its own operation 
based on the preceding train information to suppress temporary 
stops between stations (Patent Literature 1). 25 
[0004] 
 However, the preceding train may be delayed by influences of 
a train running ahead thereof (hereinafter, "pre-preceding train").  
In this case, the preceding train information is not changed from that 
in a normal operation until the preceding train approaches the 30 
pre-preceding train.  Therefore, the following train performs a 
normal operation for a while after leaving a station and starts an 
operation at a reduced speed when the train position has advanced to 
some extent.  This leads to a difficulty in avoiding a temporary stop 
due to a stopping signal. 35 
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Citation List 
Patent Literature 
[0005] 
[Patent Literature 1] Japanese Patent No. 3829031 
 5 
Summary 
Technical Problem 
[0006] 
 An object is to provide a train control system that can 
suppress temporary stops between stations. 10 
 
Solution to Problem 
[0007] 
 A train control system according to an embodiment includes 
an acquisition part, a prediction part, and a controller.  The 15 
acquisition part acquires actual first-station arrival times or 
first-station departure times of a second train preceding a first train 
being a control target and at least one or more third trains among a 
plurality of trains preceding the second train.  The prediction part 
predicts a first time at which a stopping signal received by the first 20 
train in front of a first station due to influences of the second and 
third trains is canceled based on the actual first-station arrival times 
or first-station departure times of the second and third trains.  The 
controller controls an operation of the first train based on the first 
time. 25 
 
Brief Description of Drawings 
[0008] 
[FIG. 1] FIG. 1 is a conceptual diagram illustrating an example of 
a configuration of a train control system according to an 30 
embodiment and peripheral elements thereof. 
[FIGS. 2] FIGS. 2 are block diagrams respectively illustrating an 
example of a configuration of a ground device 20 and an example 
of a configuration of an on-vehicle device 30. 
[FIG. 3] FIG. 3 is a timing chart illustrating an operation of the 35 
train control system according to the embodiment. 
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Description of Embodiments 
[0009] 
 An embodiment of the present invention will be described 
below in detail with reference to the accompanying drawings.  5 
The embodiment does not limit the present invention. 
[0010] 
 FIG. 1 is a conceptual diagram illustrating an example of a 
configuration of a train control system according to the present 
embodiment and peripheral elements thereof.  The train control 10 
system includes a ground device 20 and an on-vehicle device 30. 
[0011] 
 The on-vehicle device 30 is mounted on a train 100 being a 
first train.  The train 100 is a train as a control target and is located 
before a first station.  For example, the train 100 is stopping at a 15 
station A.  A train 200 being a second train is a train preceding the 
train 100.  For example, the train 200 is running between the station 
A and the first station.  A train 300 being a third train is a train 
preceding the train 200.  For example, the train 300 is arriving at the 
first station.  The first station is a station next to the station A.  The 20 
trains 200 and 300 can have an identical configuration to that of the 
train 100.  In this example, control of the train 100 as a control 
target is described and descriptions of control of the trains 200 and 
300 are omitted for the sake of simplicity. 
[0012] 25 
 An operation monitoring part 10 and the ground device 20 are 
placed on the ground outside the trains 100 to 300 and the operation 
monitoring part 10 is connected to an on-rail detector (not 
illustrated) or the like placed on a track 2 to be communicable with 
the on-rail detector.  The on-rail detector includes, for example, a 30 
track circuit provided in each section of the track 2.  The on-rail 
detector transmits on-rail information of the trains 100 to 300 known 
by an on-rail detection using the track circuit to the operation 
monitoring part 10.  The ground device 20 is connected to the 
on-vehicle devices 30 of the trains 100 to 300 to be communicable 35 
therewith. 
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[0013] 
 The operation monitoring part 10 being an external device is a 
device that collects and monitors information such as on-rail 
information of the trains 100 to 300 running on the track 2.  The 
operation monitoring part 10 includes a clock function and transmits 5 
times such as times at which the trains 100 to 300 arrived at the 
station A and the first station or times at which the trains 100 to 300 
left the station A and the first station to the ground device 20. 
[0014] 
 The ground device 20 generates prediction information based 10 
on the on-rail information and the time information of the trains 100 
to 300 received from the operation monitoring part 10 and transmits 
the generated prediction information to the train 100.  The 
prediction information is, for example, prediction information of a 
time at which a stopping signal received by the train 100 in front of 15 
the first station is canceled.  The prediction information is described 
later. 
[0015] 
 A protective device (not illustrated) on the ground sets a 
stopping signal (a limiting speed 0) or a limiting speed lower than a 20 
permanent speed limit behind a section where a train is located on 
the rails according to the distance from the train being on the rails 
based on the on-rail detection by the track circuit.  An on-vehicle 
protective device activates a brake based on the limiting speed 
information from the ground protective device and its own train 25 
speed.  When a preceding train is stopping at the first station, a 
stopping signal section is set behind the preceding train.  When a 
following train enters the stopping signal section, the brake is 
automatically activated and the following train is stopped in the 
stopping signal section.  This configuration can avoid a collision 30 
between the preceding train and the following train. 
[0016] 
 FIG. 2(A) is a block diagram illustrating an example of a 
configuration of the ground device 20.  The ground device 20 
includes an acquisition part 12, a storage part 14, a prediction part 35 
16, and a transmitter 18. 
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[0017] 
 The acquisition part 12 acquires an actual arrival time or 
departure time of the train 300 from the operation monitoring part 10 
when the train 300 has arrived at the first station or has left the first 
station.  For example, the operation monitoring part 10 detects an 5 
arrival of the train 300 at the first station based on position 
information and an identifier of the train 300 and transmits a time of 
the arrival to the ground device 20.  This enables the ground device 
20 to know the time at which the train 300 has arrived at the first 
station.  The operation monitoring part 10 can also transmit the 10 
on-rail information and arrival and departure times of other trains 
(100 and 200, for example) to the ground device 20.  This enables 
the ground device 20 to know the on-rail information of respective 
trains and the arrival and departure times thereof at other stations. 
[0018] 15 
 The storage part 14 stores therein a first predicted time T1 
from when a train stops at the first station until when the train leaves 
the first station, a second predicted time T2 from when the train 
leaves the first station until when a stopping signal set behind the 
train during stopping of the train at the first station is canceled, and 20 
a third predicted time T3 until a following train that has reached a 
stopping signal section at the time of cancellation of the stopping 
signal stops at the first station.  The second predicted time T2 and 
the third predicted time T3 are obtained based on a running 
simulation or an actual running time (an actually measured value) of 25 
the train and are stored in advance in the storage part 14. 
[0019] 
 The first predicted time T1 is a time (a station stopping time) 
during which a train is stopping at the first station.  Although the 
station stopping times of trains on a train diagram are generally set 30 
equally, the actual station stopping times may vary according to 
stations.  For example, the station stopping times of trains are likely 
to become longer at stations where there are many passengers 
changing trains.  Therefore, the first predicted time T1 can be set for 
each station.  In this case, the storage part 14 stores therein 35 
identifiers of the respective stations and the first predicted times T1 
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thereof to be associated with each other.  The station stopping times 
of trains may also differ according to time periods or days.  For 
example, during commuting times, the stations are crowded and 
thus the station stopping times of trains are likely to become longer.  
Conversely, when there are fewer passengers at stations on holidays, 5 
the stopping times of trains do not become longer.  Therefore, the 
first predicted times T1 can be set to correspond to the time periods 
and days, respectively.  Furthermore, the first predicted time T1 can 
be set for each train.  In this case, the storage part 14 has stored 
therein the identifiers of the trains and the first predicted times T1 10 
thereof to be associated with each other. 
[0020] 
 The second predicted time T2 is a time from when a train 
leaves the first station until when a stopping signal set behind the 
train during stopping of the train at the station is canceled.  For 15 
example, a stopping signal set in front of the first station continues 
while the train 300 is stopping at the first station.  When the train 
300 thereafter leaves the first station and enters a next section, the 
stopping signal set in front of the first station is canceled.  This 
enables the train 200 to enter the first station and stop at the station.  20 
This time from when the train 300 leaves the first station until when 
the stopping signal is canceled is the second predicted time T2. 
[0021] 
 The third predicted time T3 is a time until when a following 
train that has reached the stopping signal section in front of the first 25 
station at the time of cancellation of the stopping signal enters the 
first station and stops.  For example, when the train 300 leaves the 
first station and enters the next section, the stopping signal is 
canceled.  After the stopping signal is canceled, the train 200 enters 
the first station.  In this manner, a predicted time from when a 30 
signaling device 40 has switched to an entrance allowing state until 
when the train 200 reaches the first station is the third predicted time 
T3. 
[0022] 
 With respect to the train 100 as a control target, the 35 
prediction part 16 specifies the preceding train 200 and the 
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pre-preceding train 300 from a relation of the departure and arrival 
order on the train diagram, and predicts a first time at which a 
stopping signal set in front of the first station is canceled after the 
train 200 has left the first station based on an actual time of an arrival 
of the train 300 at the first station or an actual time of a departure of 5 
the train 300 from the first station.  That is, the first time is a time at 
which the train 100 is predicted to become capable of entering the 
first station based on the departure and arrival times of the 
pre-preceding train 300.  For example, the prediction part 16 
calculates the first time using an actual time at which the train 300 10 
arrived at the first station, the first predicted time T1, the second 
predicted time T2, and the third predicted time T3.  The first 
predicted time T1, the second predicted time T2, and the third 
predicted time T3 are selected based on one of the station, the train, 
the time period, and the day as described above.  The prediction 15 
part 16 can be, for example, an arithmetic device such as a CPU or a 
logic LSI.  The calculation method of the first time is described later. 
[0023] 
 The transmitter 18 transmits information from the ground 
device 20 to the on-vehicle device 30 of the train 100.  For example, 20 
the transmitter 18 transmits the first time (prediction information) 
predicted by the prediction part 16 to the on-vehicle device 30 of the 
train 100. 
[0024] 
 FIG. 2(B) is a block diagram illustrating an example of a 25 
configuration of the on-vehicle device 30.  The on-vehicle device 30 
includes a receiver 22 and a controller 24. 
[0025] 
 The receiver 22 receives information transmitted from the 
transmitter 18 of the ground device 20.  For example, the receiver 30 
22 receives the first time transmitted from the transmitter 18. 
[0026] 
 The controller 24 controls the operation of the train 100 based 
on the first time.  For example, the controller 24 creates a running 
plan to prevent the train 100 from entering a relevant stopping signal 35 
section until a stopping signal set in front of the first station is 
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canceled, and controls the operation of the train 100 based on the 
running plan.  This enables the train 100 to arrive at the first station 
smoothly without being temporarily stopped in the stopping signal 
section set in front of the first station. 
[0027] 5 
 As described above, the ground device 20 and the on-vehicle 
device 30 illustrated in FIGS. 2(A) and 2(B) are configured as the 
train control system.  The storage part 14 and the prediction part 16 
can be provided in the on-vehicle device 30.  In this case, the 
receiver 22 receives an actual arrival time or departure time from the 10 
ground device 20, and the prediction part 16 in the on-vehicle device 
30 predicts the first time using the actual arrival time or departure 
time.  However, provision of the storage part 14 and the prediction 
part 16 in each of many trains increases the cost.  Therefore, it is 
preferable that the storage part 14 and the prediction part 16 be 15 
provided in the ground device 20. 
[0028] 
 An operation of the train control system according to the 
present embodiment is described next. 
[0029] 20 
 FIG. 3 is a timing chart illustrating an operation of the train 
control system according to the present embodiment.  The vertical 
axis represents the positions of the trains 100 to 300.  The vertical 
axis represents the train position and the horizontal axis represents 
the time.  Broken lines indicate timings in a case where a 25 
conventional system is used.  A time t1 on the horizontal axis 
denotes an actual time at which the train 300 arrived at the first 
station.  A time tp (hereinafter, "prediction execution time tp") 
denotes a time point where a prediction of a first time tq is performed.  
The first time tq is a predicted time at which a stopping signal set in 30 
front of the first station is canceled when the train 100 as a control 
target enters the first station.  Events before the prediction 
execution time tp are past events that already happened.  Therefore, 
the actual time t1 at which the train 300 arrived at the first station is 
already known.  On the other hand, events after the prediction 35 
execution time tp are future events that will happen in the future.  
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Therefore, the first time tq at which the stopping signal set in front of 
the first station is canceled at the time of an entrance of the train 100 
into the first station is unknown yet and is a time as a prediction 
target. 
[0030] (When prediction execution time tp is between t1 and t2: case 5 
1) 
 When the prediction execution time tp is between t1 and t2, 
the time t1 is already known.  The time t1 is an actual time at which 
the train 300 arrived at the first station.  However, times t2 to t7 
after that time are not known yet.  Therefore, the prediction part 16 10 
predicts the first time tq based on the time t1 in the following 
manner. 
[0031] 
 First, the train 300 arrives at the first station at the time t1.  
At this time, the operation monitoring part 10 obtains on-rail 15 
information of the train 300.  The acquisition part 12 acquires the 
time t1 at which the train 300 arrived at the first station from the 
operation monitoring part 10. 
[0032] 
 Next, at the time tp, the prediction part 16 predicts the first 20 
time tq using the time t1.  For example, the prediction part 16 
obtains the first to third predicted times T1 to T3 corresponding to 
the first station from the storage part 14 and predicts the first time tq 
based on the time t1 and the first to third predicted times T1 to T3. 
[0033] 25 
 The first predicted time T1 indicates a time (a station stopping 
time) during which a train is stopping at the first station.  Therefore, 
the prediction part 16 performs the prediction assuming a time 
between t1 and t2 and a time between t4 and t5 are the first 
predicted time T1.  The time between t1 and t2 is a time during 30 
which the train 300 is stopping at the first station.  The time 
between t4 and t5 is a time during which the train 200 is stopping at 
the first station.  The second predicted time T2 indicates a time from 
when a train leaves the first station until when a stopping signal set 
behind the train during stopping of the train at the station is canceled.  35 
Therefore, the prediction part 16 performs the prediction assuming a 
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time between t2 and t3 and a time between t5 and tq are the second 
predicted time T2.  The third predicted time T3 indicates a time until 
when a train that has arrived at a stopping signal section at the time 
of cancellation of the stopping signal stops at the first station.  
Therefore, the prediction part 16 performs the prediction assuming a 5 
time between t3 and t4 is the third predicted time T3. 
[0034] 
 The prediction part 16 further calculates a time between t1 
and tq.  For example, the prediction part 16 calculates the first time 
tq by adding the first predicted time T1 as the time between t1 and t2, 10 
the second predicted time T2 as the time between t2 and t3, the third 
predicted time T3 as the time between t3 and t4, the first predicted 
time T1 as the time between t4 and t5, and the second predicted time 
T2 as the time between t5 and tq to the time t1.  That is, the 
prediction part 16 predicts the first time tq by computing Expression 15 
1. 
[0035] 
 tq=t1+T1+T2+T3+T1+T2 (Expression 1) 
[0036] 
 Next, the transmitter 18 transmits the first time tq predicted 20 
by the prediction part 16 as prediction information to the on-vehicle 
device 30 of the train 100. 
[0037] 
 Subsequently, the receiver 22 of the on-vehicle device 30 
receives the first time tq, and the controller 24 creates a running plan 25 
of the train 100 based on the first time tq.  The controller 24 controls 
the operation of the train 100 in accordance with the running plan.  
The controller 24 can automatically control the operation of the train 
100 to prevent the train 100 from being temporarily stopped by the 
stopping signal set in front of the first station.  Alternatively, the 30 
controller 24 can display a target speed of the train 100 on a monitor 
(not illustrated) for train crews and enable a driver to perform an 
operation according to the target speed to prevent the train 100 from 
being temporarily stopped by the stopping signal set in front of the 
first station.  The controller 24 alternatively can notify the driver of 35 
the predicted first time and cause the driver to perform an operation 
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so as not to be temporarily stopped due to the stopping signal set in 
front of the first station.  Therefore, the train control system 
according to the present embodiment can suppress temporary stops 
of the train 100 between the station A and the first station while the 
conventional system causes a train to be temporarily stopped 5 
between the station A and the first station, thereby increasing the 
amount of power consumption in the train and deteriorating the ride 
quality as indicated by the broken lines in FIG. 3. 
[0038] (When prediction execution time tp is between t2 and t3: case 
2) 10 
 When the prediction execution time tp is between t2 and t3, 
the time t2 is already known.  The time t2 is an actual time at which 
the train 300 left the first station.  However, times t3 to t7 after that 
time are not known yet.  Therefore, the prediction part 16 can 
predict the first time tq based on the time t2 in the following manner. 15 
[0039] 
 For example, at t2, the train 300 leaves the first station and 
the departure time of the train 300 is settled.  That is, the 
acquisition part 12 can acquire the actual time t2 at which the train 
300 left the first station from the operation monitoring part 10.  20 
Accordingly, the prediction part 16 predicts the first time tq using the 
actual time t2.  At this time, the prediction is performed between t2 
and t3.  Therefore, the time tp is any time between t2 and t3. 
[0040] 
 For example, the prediction part 16 obtains the first to third 25 
predicted times T1 to T3 corresponding to the first station from the 
storage part 14 and predicts the first time tq based on the time t2 and 
the first to third predicted times T1 to T3.  That is, the prediction 
part 16 calculates a time between t2 and tq.  For example, the 
prediction part 16 calculates the first time tq by adding the second 30 
predicted time T2 as the time between t2 and t3, the third predicted 
time T3 as the time between t3 and t4, the first predicted time T1 as 
the time between t4 and t5, and the second predicted time T2 as the 
time between t5 and tq to the time t2.  That is, the prediction part 16 
predicts the first time tq by computing Expression 2. 35 
[0041] 
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 tq=t2+T2+T3+T1+T2 (Expression 2) 
[0042] 
 Next, the transmitter 18 transmits the first time tq predicted 
by the prediction part 16 as prediction information to the on-vehicle 
device 30 of the train 100. 5 
[0043] 
 Subsequently, the receiver 22 of the on-vehicle device 30 
receives the first time tq, and the controller 24 creates a running plan 
of the train 100 based on the first time tq.  The controller 24 controls 
the operation of the train 100 in accordance with the running plane.  10 
The control method of the train 100 can be identical to that in the 
case 1 described above. 
[0044] 
 In the case 1 described above, the prediction part 16 predicts 
the first time tq from the time t1 at which the train 300 arrived at the 15 
first station.  However, actual times may be different from the first 
to third predicted times T1 to T3.  In this case, the prediction 
accuracy becomes lower as a time (t1, for example) being a 
prediction reference is temporally more distant from the first time tq 
being a prediction target.  That is, the first time tq is more likely to 20 
be greatly deviated from the actual time at which the train 100 
arrives at the stopping signal section that is set in front of the first 
station as the time tp at which the prediction is performed is an 
earlier time.  To reduce a temporal difference between the first time 
tq and the actual time, the prediction part 16 can repeat the 25 
prediction of the first time tq based on a time (t2, for example) of an 
event happening next as in the case 2.  The case 2 enables the first 
time tq to be predicted more accurately than the case 1. 
[0045] (When prediction execution time tp is between t3 and t4: case 
3) 30 
 When the prediction execution time tp is between t3 and t4, 
the time t3 is already known.  The time t3 is an actual time at which 
a stopping signal having been set in front of the first station due to 
the train 300 has been canceled.  However, times t4 to t7 after that 
time are not known yet.  Therefore, the prediction part 16 can 35 
predict the first time tq based on the time t3 in the following manner. 
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[0046] 
 For example, the acquisition part 12 can acquire the actual 
time t3 from the operation monitoring part 10.  Accordingly, the 
prediction part 16 predicts the first time tq using the actual time t3.  
At this time, the prediction is performed between t3 and t4.  5 
Therefore, the time tp is any time between t3 and t4. 
[0047] 
 For example, the prediction part 16 obtains the first to third 
predicted times T1 to T3 corresponding to the first station from the 
storage part 14 and predicts the first time tq from the time t3 and the 10 
first to third predicted times T1 to T3.  That is, the prediction part 16 
calculates a time between t3 and tq.  For example, the prediction 
part 16 calculates the first time tq by adding the third predicted time 
T3 as the time between t3 and t4, the first predicted time T1 as the 
time between t4 and t5, and the second predicted time T2 as the time 15 
between t5 and tq to the time t3.  That is, the prediction part 16 
predicts the first time tq by computing Expression 3. 
[0048] 
 tq=t3+T3+T1+T2 (Expression 3) 
[0049] 20 
 Next, the transmitter 18 transmits the first time tq predicted 
by the prediction part 16 as prediction information to the on-vehicle 
device 30 of the train 100. 
[0050] 
 Subsequently, the receiver 22 of the on-vehicle device 30 25 
receives the first time tq, and the controller 24 creates a running plan 
of the train 100 based on the first time tq.  The controller 24 controls 
the operation of the train 100 in accordance with the running plan.  
The control method of the train 100 can be identical to that in the 
case 1 described above. 30 
[0051] 
 In the cases 1 and 2 described above, the prediction part 16 
predicts the first time tq based on the time t1 or t2.  However, in the 
case 3, the prediction part 16 predicts the first time tq based on the 
time t3 of an event happening after the times t1 and t2.  Accordingly, 35 
the case 3 enables the first time tq to be predicted more accurately 
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than the cases 1 and 2. 
[0052] (When prediction execution time tp is between t4 and t5: case 
4) 
 When the prediction execution time tp is between t4 and t5, 
the time t4 is already known.  The time t4 is an actual time at which 5 
the train 200 arrived at the first station.  However, times t5 to t7 
after that time are not known yet.  Therefore, the prediction part 16 
can predict the first time tq based on the time t4 in the following 
manner. 
[0053] 10 
 For example, when the train 200 arrives at the first station at 
t4, the actual arrival time t4 of the train 200 is settled.  That is, the 
acquisition part 12 can acquire the actual arrival time t4 from the 
operation monitoring part 10.  Accordingly, the prediction part 16 
predicts the first time tq using the actual arrival time t4.  At this time, 15 
the prediction is performed between t4 and t5.  Therefore, the time 
tp is any time between t4 and t5. 
[0054] 
 For example, the prediction part 16 obtains the first and 
second predicted times T1 and T2 corresponding to the first station 20 
from the storage part 14 and predicts the first time tq from the actual 
arrival time t4 and the first and second predicted times T1 and T2.  
That is, the prediction part 16 calculates a time between t4 and tq.  
For example, the prediction part 16 calculates the first time tq by 
adding the first predicted time T1 as the time between t4 and t5 and 25 
the second predicted time T2 as the time between t5 and tq to the 
time t4.  That is, the prediction part 16 predicts the first time tq by 
computing Expression 4. 
[0055] 
 tq=t4+T1+T2  (Expression 4) 30 
[0056] 
 Next, the transmitter 18 transmits the first time tq predicted 
by the prediction part 16 as prediction information to the on-vehicle 
device 30 of the train 100. 
[0057] 35 
 Subsequently, the receiver 22 of the on-vehicle device 30 
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receives the first time tq, and the controller 24 creates a running plan 
of the train 100 based on the first time tq.  The controller 24 controls 
the operation of the train 100 in accordance with the running plan.  
The control method of the train 100 can be identical to that in the 
case 1 described above. 5 
[0058] 
 In the cases 1 to 3 described above, the prediction part 16 
predicts the first time tq based on the times t1 to t3, respectively.  
However, in the case 4, the prediction part 16 predicts the first time 
tq based on the time t4 of an event happening after the times t1 to t3.  10 
Accordingly, the case 4 enables the first time tq to be predicted more 
accurately than the cases 1 to 3. 
[0059] (When prediction execution time tp is between t5 and t6: case 
5) 
 When the prediction execution time tp is between t5 and t6, 15 
the time point t5 is already known.  The time point t5 is an actual 
time at which the train 200 left the first station.  However, times tq 
to t7 after that time are not known yet.  Therefore, the prediction 
part 16 can predict the first time tq based on the time t5 in the 
following manner. 20 
[0060] 
 For example, when the train 200 leaves the first station at t5, 
the actual departure time t5 of the train 200 is settled.  That is, the 
acquisition part 12 can acquire the actual departure time t5 from the 
operation monitoring part 10.  Accordingly, the prediction part 16 25 
predicts the first time tq using the actual departure time t5.  At this 
time, the prediction is performed between t5 and t6.  Therefore, the 
time tp is any time between t5 and t6. 
[0061] 
 For example, the prediction part 16 obtains the second 30 
predicted time T2 corresponding to the first station from the storage 
part 14 and predicts the first time tq based on the actual departure 
time t5 and the second predicted time T2.  That is, the prediction 
part 16 calculates a time between t5 and tq.  For example, the 
prediction part 16 calculates the first time tq by adding the second 35 
prediction time as the time between t5 and tq to the time t5.  That is, 



 

 

16 

the prediction part 16 predicts the first time tq by computing 
Expression 5. 
[0062] 
 tq=t5+T2 (Expression 5) 
[0063] 5 
 Next, the transmitter 18 transmits the first time tq predicted 
by the prediction part 16 as prediction information to the on-vehicle 
device 30 of the train 100. 
[0064] 
 Subsequently, the receiver 22 of the on-vehicle device 30 10 
receives the first time tq, and the controller 24 creates a running plan 
of the train 100 based on the first time tq.  The controller 24 controls 
the speed of the train 100 in accordance with the running plan.  The 
control method of the train 100 can be identical to that in the case 1 
described above. 15 
[0065] 
 In the cases 1 to 4 described above, the prediction part 16 
predicts the first time tq based on the times t1 to t4, respectively.  
However, in the case 5, the prediction part 16 predicts the first time 
tq based on the time t5 of an event happening after the times t1 to t4.  20 
Accordingly, the case 5 enables the first time tq to be predicted more 
accurately than the cases 1 to 4. 
[0066] 
 In this way, the train control system according to the present 
embodiment sequentially performs the cases 1 to 5 described above 25 
in time series, thereby enabling the train 100 to run at appropriate 
speeds up to the stopping signal section set in front of the first station 
while enhancing the accuracy of the first time tq.  Accordingly, the 
train 100 can suppress temporary stops or re-accelerations between 
the station A and the first station.  As a result, the amount of power 30 
consumption in the train 100 is reduced and the ride quality for the 
passengers in the train 100 is improved.  The train control system 
can arbitrarily perform any one or a plurality of the cases 1 to 5. 
[0067] 
 Furthermore, the train control system according to the 35 
present embodiment predicts the first time tq considering not only 
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the preceding train 200 but also the train 300 preceding the train 200.  
Therefore, the train control system can control the speed of the train 
100 from an earlier period.  As a result, temporary stops of the train 
100 due to the stopping signal set in front of the first station can be 
suppressed more.  The train control system can predict the first time 5 
tq considering a train (not illustrated) preceding the train 300 in 
order to control the train 100.  In this case, the train control system 
can control the operation of the train 100 from a further earlier 
period. 
[0068] 10 
 In the embodiment described above, the train control system 
predicts the first time tq at which the stopping signal set in front of 
the first station for the train 100 is canceled.  However, the train 
control system can predict other times based on the first to third 
predicted times T1 to T3.  For example, the train control system can 15 
predict the time t2 at which the train 300 leaves the first station, the 
time t3 at which a stopping signal set in front of the first station for 
the train 200 is canceled, the times t4 and t6 at which the trains 100 
and 200 arrive at the first station, respectively, the times t5 and t7 at 
which the trains 100 and 200 leave the first station, respectively, and 20 
the like. 
[0069] 
 In the embodiment described above, the train control system 
controls the train 100 as a control target.  However, the train control 
system can also control other trains 200 and 300 as control targets.  25 
In this case, the trains 200 and 300 also include the on-vehicle device 
30 and the prediction parts 16 in the respective on-vehicle devices 30 
predict the first times corresponding to the trains 200 and 300 based 
on information from other preceding trains (not illustrated), 
respectively.  It suffices that controllers of the trains 200 and 300 30 
create running plans based on the first times corresponding thereto 
and control the trains 200 and 300 in accordance with the created 
running plans, respectively. 
[0070] 
 While certain embodiments have been described, these 35 
embodiments have been presented by way of example only, and 
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are not intended to limit the scope of the inventions.  Indeed, the 
novel methods and systems described herein may be embodied in 
a variety of other forms; furthermore, various omissions, 
substitutions and changes in the form of the methods and systems 
described herein may be made without departing from the spirit of 5 
the inventions.  The accompanying claims and their equivalents 
are intended to cover such forms or modifications as would fall 
within the scope and spirit of the inventions. 
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CLAIMS 
1. A train control system comprising: 
 an acquisition part configured to acquire actual first-station 
arrival times or first-station departure times with respect to a second 
train preceding a first train being a control target and at least one or 5 
more third trains among a plurality of trains preceding the second 
train; 
 a prediction part configured to predict a first time at which a 
stopping signal received by the first train in front of a first station due 
to influences of the second and third trains is canceled based on the 10 
actual first-station arrival times or first-station departure times of the 
second and third trains; and 
 a controller configured to control an operation of the first train 
based on the first time. 
 15 
2. The system of Claim 1, wherein the controller notifies a driver 
of the first train of the first time and performs operation support for 
avoiding an entrance of the first train into a stopping signal section in 
front of the first station before the first time. 
 20 
3. The system of Claim 1, wherein the controller creates a 
running plan for avoiding an entrance of the first train into a stopping 
signal section in front of the first station before the first time and 
controls an operation of the first train or notifies a driver of the first 
train of the created running plan to perform operation support. 25 
 
4. The system of any one of Claims 1 to 3, wherein 
 the acquisition part and the prediction part are located in an 
external device outside the first train, and 
 the controller is located in the first train. 30 
 
5. The system of any one of Claims 1 to 3, wherein 
 the acquisition part is located in a ground device placed 
outside the first train, and 
 the prediction part and the controller are located on the first 35 
train. 
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6. The system of any one of Claims 1 to 5, further comprising a 
storage part configured to store therein a first predicted time from 
which a train stops at a station until when the train leaves the station, 
a second predicted time until a stopping signal having been set 5 
behind the train is canceled after the train leaves the station and 
travels to a next section, and a third predicted time until a following 
train having arrived at a stopping signal section at a time of 
cancellation of the stopping signal stops the station, wherein 
 the prediction part predicts the first time using the first to 10 
third predicted times. 
 
7. The system of Claim 6, wherein the prediction part calculates 
the first time by adding the first predicted period, the second 
predicted period, the third predicted period, the first predicted period, 15 
and the second predicted period to a time at which the third train has 
stopped at the first station. 
 
8. The system of Claim 6 or 7, wherein the prediction part 
calculates the first time by adding the second predicted period, the 20 
third predicted period, the first predicted period, and the second 
predicted period to a time at which the third train has left the first 
station. 
 
9. The system of Claim 6, wherein 25 
 the storage part stores therein a plurality of the first to third 
predicted times differing according to running sections, stations, 
trains, time periods, or days, and 
 the prediction part predicts the first time using the first to 
third prediction times selected based on at least any of running 30 
sections, stations, trains, time periods, or days. 




