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TRAVEL CONTROL DEVICE, VEHICLE, TRAFFIC SYSTEM, CONTROL

METHOD, AND PROGRAM

Technical Field
5 {0001]
The present invention relates to a travel control device, a vehicle, a traffic
system, a control metléod, and a program.
Priority is claimed on Japanese Patent Application No. 2014-010399, filed
January 23, 2014, the content of which is incorporated herein by reference.
10
Background Art
[0002]
In order for safe driving of a train, there is a railway system including an
automatic train protection (ATP) device that automatically operates a brake when the
15  speed of the train exceeds a predetermined speed. In addition, there is also a railway
system including an automatic train operation (ATO) device for the purpose of automatic
operation and an energy saving operation of the train.
Patent Document 1 describes a technology that includes both the ATP device and
the ATO device and realizes automatic operation of a train that allows safely stopping

20 and does not cause an operation delay as a related technology.

Citation List
Patent Document
[0003]

25 [Patent Document 1] Japanese Unexamined Patent Application, First Publication
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SUMMARY OF INVENTION
Technical Problem

[0004]

Incidentally, in a railway system, each of ATP and ATO has independent
functions and thus, an ATP device and an ATO device are usually separate from each
other as hardware devices. Therefore, a railway system including both an ATP device
and an ATO device is designed to have a margin which is a sum of a maximum value of a
recognition position error of the ATP device and a maximum value of a recognition
position error of the ATO device. In addition, since each of the ATP device and the ATO
device calculates positions, even in the railway system the railway system using the
technology described in Patent Document 1, the railway system is designed to have a
margin which is a sum of each of the maximum values of the recognition position errors.
As a result thereof, when automatic driving is performed on a vehicle, the margin cannot
be smaller than the sum of the maximum values of the recognition position errors, and
thus, there is a possibility that the travelling time of the train with respect to a travelling
distance may increase.

The present invention provides a travel control device, a vehicle, a traffic system,
a control method, and a program that can reduce the travelling time of the train with
respect to the travelling distance when automatic driving is performed on the vehicle
using the travel control device.
Solution to Problem

[0005]

According to a first aspect of the present invention, a travel control device is



mounted on a vehicle and sets a travel speed according fo a position of the vehicle and causes
the vehicle to travel. The travel control device includes a limit information acquisition unit, a
current position acquisition unit, a current speed acquisition unit, a travel curve generation
unit, and a speed command unit. The limit information acquisition unit is configured to
acquire limit information which indicates a plurality of relative positions to the front position
with a current position as a reference and each speed limit information at the front position
indicated by each of the plurality of relative positions, from the vehicle speed Iimit unit that is
configured to set the speed limits at a plurality of positions in order to achieve a
predetermined deceleration completion speed at the speed limit start position. The current
position acquisition unit is configured to acquire a current position of the vehicle. The current
speed acquisition unit is configured to acquire a current speed of the vehicle. The travel curve
generation unit is configured to generate a travel curve in which the speed limit at each
position obtained from the limit information becomes lower than a predetermined speed,
according to the acquired limit information, the current position, and the current speed. The
speed command unit is configured to generate a speed command according to the generated
travel curve and the current position.

[0006]

According to a second aspect of the present invention, the limit information
acquisition unit included in the travel control device acquires the limit information which
includes a plurality of relative positions up to the front position with the current position as a
reference and each speed limit information at the front position indicated by each of the
plurality of relative positions as a sequence. The travel curve generation unit included in the
travel control device generates the travel curve according to the limit information.

[0007]

According to a third aspect of the present invention, the l[imit information acquisition
unit included in the travel control device acquires limit information including only the
sequence with respect to the representative speed among the sequence of the relative positions
from the current position to the front position. The travel curve generation unit included in
the travel control device generates the travel curve according to the limit information.

[0008]

According to a fourth aspect of the present invention, the limit information acquisition

unit included in the travel control device acquires the limit information including the relative



position from the current position to a deceleration completion position, the speed, and a
guaranteed deceleration. The travel curve generation unit included in the travel control device
generates the travel curve according to the limit information.

[0009]

According to a fifth aspect of the present invention, a vehicle includes a vehicle speed
limit unit and a travel control device. The vehicle speed limit unit is configured to set a speed
limit at each position in order to achieve a predetermined deceleration completion speed at the
speed limit start position. The travel control device includes a limit information acquisition
unit, a current position acquisition unit, a current speed acquisition unit, travel curve
generation unit, and a speed command unit. The limit information acquisition unit is
configured to acquire limit information which indicates a plurality of relative positions to the
front position with a current position as a reference and each speed limit information at the
front position indicated by each of the plurality of relative positions, from the vehicle speed
limit unit. The current position acquisition unit is configured to acquire a current position of
the vehicle. The current speed acquisition unit is configured to acquire the current speed of
the vehicle. The travel curve generation unit is configured to generate a travel curve in which
the speed limit at each position obtained from the limit information becomes lower than a
predetermined speed, according to the acquired limit information, the current position, and the
current speed. The speed command unit is configured to generate a speed command
according to the generated travel curve and the current position.

[0010]

According to a sixth aspect of the present invention, a traffic system includes the
vehicle and a ground ATP device. The vehicle includes a vehicle speed limit unit, a limit
information acquisition unit, and a travel control device. The travel control device includes a
current posiﬁon acquisition unit, a current speed acquisition unit, a travel curve generation
unit, and a speed command unit. The vehicle speed limit unit is configured to set a speed
limit at each position in order to achieve a predetermined deceleration completion speed at the
speed limit start position. The limit information acquisition unit is configured to acquire limit
information which indicates a plurality of relative positions to the front position with a current
position as a reference and each speed limit information at the front position indicated by each
of the plurality of relative positions, from the vehicle speed limit unit. The current speed

acquisition unit is configured to acquire a current speed of the vehicle. The travel curve



generation unit is configured to generate a travel curve in which the speed limit at each
position obtzined from the limit information becomes lower than a predetermined speed,
according to the acquired limit information, the current position, and the current speed. The
speed command unit is configured to generate a speed command according to the generated
travel curve and the current position. The ground ATP device outputs the speed limit start
position to the vehicle speed limit unit.

[0011]

According to a seventh aspect of the present invention, a controf method of a travel
control device that is mounted on a vehicle and sets a travel speed according to a position of
the vehicle and causes the vehicle fo travel. The method includes: causing a limit information
acquisition unit of the travel control device to acquire limit information which indicates a
plurality of relative positions to the front position with a current position as a reference and
each speed limit information at the front position indicated by each of the plurality of relative
positions, from the vehicle speed limit unit of the travel control device that sets the speed
limits at a plurality of positions in order to achieve a predetermined deceleration completion
speed at the speed limit start position; causing a current position acquisition unit of the travel
control device to acquire a current position of the vehicle; causing a current speed acquisition
unit of the travel control device to acquire a current speed of the vehicle; causing a travel
curve generation unit of the travel control device to generate a travel curve in which the speed
limit at each position obtained from the limit information becomes lower than a
predetermined speed, according to the acquired limit information, the current position, and the
current speed; and causing a speed command unit of the travel control device to generate a
speed command according to the generated travel curve and the current position.

[0012]

According to an eighth aspect of the present invention, a program causes a computer
in a travel control device, which is mounted on a vehicle and sets a travel speed according to a
position of the vehicle and causes the vehicle to travel, to fanction as: limit information
acquisition means for acquiring limit information which indicates a plurality of relative
positions to the front position with a current position as a reference and each speed limit
information at the front position indicated by each of the plurality of relative positions, from
the vehicle speed limit unit of the travel control device that sets the speed limits at a plurality

of positions in order to achieve a predetermined deceleration completion speed at the speed



limit start position; current position acquisition means for acquiring a current position of the
vehicle; current speed acquisition means for acquiring a current speed of the vehicle; travel
curve generation means for generating a travel curve in which the speed limit at each position
obtained from the limit information becomes lower than a predetermined speed, according to
the acquired limit information, the current position, and the current speed; and speed
command means for generating a speed command according to the generated travel curve and
the current position.
Advantageous Effects of the Invention

[0013]

According to the travel control device, the vehicle, the traffic system, the control
method, and the program described above, it is possible to reduce the travelling time of the
train with respect to the travelling distance when the automatic driving is performed on the

vehicle using the travel control device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a diagram showing an example of a traffic system including a travel
control device according to a first embodiment of the present invention.

FIG. 2 1s a diagram showing an example of limit information acquired by a limit
information acquisition unit according to the first embodiment from a vehicle speed limit
unit.

FIG. 3 is a diagram showing an example of a travel curve generated by the travel
control device according to the first embodiment.

FIG. 4 is a diagram showing an example of a processing flow of the traffic
system including the travel control device according to the first embodiment of the
present invention.

FIG. 5 is a diagram showing an example of a processing flow of the traffic
system including a travel control device according to the second embodiment of the
present invention.

FIG. 6 is a diagram showing an example of a travel curve generated by the travel
control device according to the second embodiment of the present invention.

FIG. 7 is a diagram showing an example of a processing flow of the traffic
system including a travel control device according to a third embodiment of the present

invention.

DESCRIPTION OF EMBODIMENTS
[0015]

Hereinafter, embodiments will be described with reference to the drawings.
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First, the first embodiment will be described.

FIG. 1 1s a diagram showing an example of a traffic system 1 including a travel
control device 3 according to a first embodiment of the present invention.

As shown in FIG. 1, the traffic system 1 according to the first embodiment
includes a vehicle 2 and a ground automatic train protection (ATP) device 200.

The vehicle 2 includes a travel control device 3 according to the first
embodiment and a vehicle speed limit unit 100.

The travel control device 3 is an automatic train operation (ATO) device, and
includes a limit information acquisition unit 101, a current position acquisition unit 102,
a current speed acquisition unit 103, a travel curve generation unit 104, and a speed
command unit 105. In addition, the vehicle speed limit unit 100 is an on-vehicle ATP
device.

[0016]

The ground ATP device 200 is provided on the ground and transmits a speed
limit start position and limit information to the vehicle speed limit unit 100. The limit
information includes speed limit information and position information corresponding to
the speed limit.

The vehicle speed limit unit 100 acquires the speed limit start position and the
limit information from the ground ATP device 200. In addition, the vehicle speed limit
unit 100 acquires a current speed of the vehicle 2 from a speedometer included in the
vehicle 2. The vehicle speed limit unit 100 sets a speed limit at each of a plurality of
positions according to the acquired speed limit start position in order to achieve a
predetermined deceleration completion speed at the speed limit start position. The
vehicle speed limit unit 100 outputs the acquired limit information to the limit

information acquisition unit 101.
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[0017]

The limit information acquisition unit 101 acquires the limit information which
is form from the speed limit information and the position information corresponding to
the speed limit from the vehicle speed limit unit 100. The limit information acquisition
unit 101 outputs the acquired limit information to the travel curve generation unit 104.

The current speed acquisition unit 103 acquires the current speed of the vehicle
2 from the speedometer included in the vehicle 2.  The current speed acquisition unit
103 outputs the acquired current speed to the current position acquisition unit 102 and the
travel curve generation unit 104.

The current position acquisition unit 102 acquires the speed limit start position
from the ground ATP device 200. The current position acquisition unit 102 calculates a
current position according to an accumulation value of the acquired speed limit start
position and the current speed input from the current speed acquisition unit 103. The
current position acquisttion unit 102 outputs the calculated current position to the travel
curve generation unit 104 and the speed command unit 105.

[0018]

The travel curve generation unit 104 generates a travel curve that satisfies the
speed limit at each position obtained from the limit information according to the input
limit information, the current position, and the current speed. The travel curveis a
curve that indicates a relationship between the speed and the distance. The travel curve
generation unit 104 outputs the generated travel curve to the speed command unit 105.

The speed command unit 105 generates a speed command according to the input
travel curve and the current position. The speed comumand unit 105 outputs the speed
command to a control unit that controls the speed of the vehicle 2.

[0019]
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FIG. 2 is a diagram showing an example of the limit information acquired by the
limit information acquisition unit 101 according to the first embodiment from the vehicle
speed limit unit 100.

The vehicle speed limit unit 100 outputs a state of a speed limit curve that

5 indicates the relationship between the speed and the distance represented by the limit
information to the limit information acquisition unit 101 as a sequence of the relative
positions from the current position. In addition, at this time, the vehicle speed limit unit
100 outputs a position having a margin of maximum position error with respect to the
predicted current position to the current position acquisition unit 102 as the current

10 position.

[0020]

Generally, the speed limit curve is expressed as Equation (1) using an idle
running time Td (a time interval from a time when the vehicle speed limit unit 100
recognizes the excessive speed to a time until a brake starts working) and a guaranteed

15  deceleration 8 in which the deceleration of the train is guaranteed even in a worst

situation.
[0021]
Equation (1)
2 2
_ (v2-vp?)
20 [0022]

In this Equation (1), a speed limit position Xap(v) with respect to a speed v when
a stop position or a speed limit start position x, and a deceleration completion speed vy, are

given, is expressed.
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The vehicle speed limit unit 100 sets the speed limit curve according to the
speed limit start position acquired from the ground ATP device 200 and Equation (1).

[0023]

FIG. 3 is a diagram showing an example of the travel curve generated by the
travel control device 3 according to the first embodiment.

The limit information acquisition unit 101 included in the travel control device 3
inputs the limit information including a sequence of the relative positions in which the
position having a margin of maximum position error with respect to the current position
recognized by the vehicle speed limit unit 100 is set as the current position, from the
vehicle speed limit unit 100. The limit information acquisition unit 101 outputs the
input limit information to the travel curve generation unit 104.

[0024]

The travel curve generation unit 104 generates a travel curve that satisfies the
speed limit at each position obtained from the limit information according to the limit
information acquired from the limit information acquisition unit 101, the current position
acquired from the current position acquisition unit 102, and the current speed acquired
from the current speed acquisition unit 103.

The vehicle speed limit unit 100 which is an on-vehicle ATP device and the
current position acquisition unit 102 included in the ATO device recognize the current
position according to the speed limit start position acquired from the same ground ATP
device 200. Therefore, the travel curve generation unit 104 may have only the
recognition position error caused by a transmission time difference between a signal
transmission time from the ground ATP device 200 to the vehicle speed limit unit 100
and a signal transmission time from the ground ATP device 200 to the current position

acquisition unit 102 with respect to the current position acquired from the current
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position acquisition unit 102, as the margin. As a result thereof, the travel curve
generation unit 104 has a sum of the recognition position error of the ATP device and the
maximum value of the recognition position error caused by the transmission time
difference as the margin. Usually, since the recognition position error caused by the
transmission time difference is small enough to be almost negligible compared to the
recognition position error of the ATP device, the travel curve generation unit 104 can
reduce the margin of the recognition position error of the ATO device. The travel curve
generation unit 104 inputs the limit information including the sequence of the relative
positions with respect to the current position from the limit information acquisition unit
101. In a case where the accuracy of each relative position included in the limit
information input from the limit information acquisition unit 101 by the travel curve
generation unit 104 is desired to be improved, the travel curve generation unit 104
generates the speed limit curve by performing, for example, a linear interpolation on the
values between each sequence. Then, the travel curve generation unit 104 generates a
curve having the margin of, for example, five kin per hour with respect to the speed limit
curve as a target travel curve,

[0025]

FIG. 4 is a diagram showing an example of a processing flow of the traffic
system 1 including the travel control device 3 according to the first embodiment of the
present invention.

Next, the processing by the traffic system 1 including the travel control device 3
according to the first embodiment will be described.

It is assumed that the vehicle 2 included in the traffic system 1 according to the
first embodiment travels on a road surface on which a travel condition such as the

guaranteed deceleration § in Equation (1) changes for each installation position of the
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ground ATP device 200. In addition, it is assumed that the vehicle speed limit unit 100
acquires the speed limit start position, the limit information, and the current position of
the vehicle 2 from the ground ATP device 200 for each change of the travel condition.
In addition, at this time, it is assumed that the current position acquisition unit 102
acquires the speed limit start position from the ground ATP device 200.

[0026]

In the traffic system 1, during the travelling of the vehicle 2, the vehicle speed
limit unit 100 included in the vehicle 2 performs a wireless communication with the
ground ATP device 200. Then, the vehicle speed limit unit 100 acquires the speed limit
start position, the limit information, the current position of the vehicle 2, and the current
speed of the vehicle 2 from the ground ATP device 200 (STEP S1).

The vehicle speed limit unit 100 sets the speed limit at each position according
to the speed limit start position acquired from the ground ATP device 200 and Equation
(1) in order to achieve a predetermined deceleration completion speed at the speed limit
start position, that is, the speed limit curve (STEP S2).

[6027]

The vehicle speed limit unit 100 outputs the state of the speed limit curve
acquired according to the speed limit start position and Equation (1) to the limit
information acquisition unit 101 included in the travel control device 3 as the limit
information including the sequence of the relative positions from the current position
(STEP S3).

When the limit information including the sequence of the relative positions from
the current position is input from the vehicle speed limit unit 100, the limit information
acquisition unit 101 outputs the input limit information to the travel curve generation unit

104.
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In addition, the current speed acquisition unit 103 acquires the current speed of
the vehicle 2 from the speedometer included in the vehicle 2 (STEP S4). The current
speed acquisition unit 103 outputs the acquired current speed to the current position
acquisition unit 102 and the travel curve generation unit 104.

When the current speed is input from the current speed acquisition unit 103, the
current position acquisition unit 102 calculates the current position according to the
accumulation value of the speed limit start position acquired from the ground ATP device
200 and the input current speed (STEP S5). The current position acquisition unit 102
outputs the calculated current position to the travel curve generation unit 104.

[0028]

The travel curve generation unit 104 inputs the limit information from the lmit
information acquisition unit 101. The travel curve generation unit 104 inputs the
current speed from the current speed acquisition unit 103.  In addition, the travel curve
generation unit 104 inputs the current position from the current position acquisition unit
102.  Then, the travel curve is generated, which satisfies the speed limit at each position
obtained from the limit information according to the input limit information, the current
position, and the current speed (STEP S6). For example, as shown in FIG. 3, the travel
curve generation unit 104 obtains the current position which is the recognition position
by the travel control device 3 according to the current position and the current speed, and
obtains the speed limit curve using the current position and the sequence of the relative
positions from the current position included in the limit information. Then, the travel
curve generation unit 104 generates the target travel curve having the margin of speed
limit error with respect to the obtained speed limit curve. The travel curve generation
unit 104 generates a curve having the margin of, for example, five km per hour as the

target travel curve.
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[0029]

The travel curve generation unit 104 outputs the generated travel curve to the
speed command unit 105.

The speed command unit 105 generates the speed command according to the
input travel curve and the current position (STEP §7). The speed command unit 105
outputs the speed command to the control unit that controls the speed of the vehicle 2
(STEP S8).

[0030]

As described above, the processing flow of the traffic system 1 including the
travel control device 3 according to the first embodiment of the present invention is
described. By the travel control device 3 included in the traffic system 1 described
above, the speed limit at each position in order to achieve a predetermined deceleration
completion speed at the speed limit start position is set according to the speed limit start
position acquired from the ground ATP device 200. The travel control device 3 acquires
the limit information including the speed limit information the position information
corresponding to the speed limit. The travel control device 3 acquires the current
position of the vehicle 2, acquires the current speed of the vehicle 2, and generates the
travel curve that satisfies the speed limit at each position obtained from the limit
information according to the acquired limit information, the current position, and the
current speed.  The travel control device 3 generates the speed command according to
the generated travel curve and the current position.

In this way, when the vehicle 2 performs the automatic driving using the travel
control device 3, it is possible to reduce the travelling time of the train with respect to the
travelling distance.

[0031]
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Next, a second embodiment will be described.

FIG. 5 is a diagram showing an example of a processing flow of the traffic
system 1 including a travel control device 3 according to the second embodiment of the
present invention.

In addition, FIG. 6 is a diagram showing an example of a travel curve generated
by the travel control device 3 according to the second embodiment of the present
invention.

Next, the processing by the traffic system 1 including the travel control device 3
according to the second embodiment will be described using FIG. 5 and FIG. 6.

It is assumed that the vehicle 2 included in the traffic system 1 according to the
second embodiment travels on a road surface on which a gradient or the like changes and
a travel condition such as the guaranteed deceleration 8 expressed in Equation (1)
changes. In addition, it is assumed that the travel control device 3 holds Equations (2)
to Equation (4) described below.

In addition, here, only processing steps different from that in the first
embodiment will be described in detail.

[0032]

After generating the sequence of the relative positions from the current position
by performing the processing items in STEP S1 and STEP S2, similarly to the first
embodiment, the vehicle speed limit unit 100 according to the second embodiment
outputs limit information including only the sequences corresponding to the
representative two speeds among the sequences of the relative positions from the current
position to the travel control device 3 (STEP $9). For example, the limit information
including a speed v, in which below the decimal point of the current speed is rounded

down, a relative distance X, from the current position at the speed v,, a speed v, which is
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lower than v, by one km per hour, and a relative distance x» from the current position at
the speed v, are output to the travel control device 3.  Then, the processing items in
STEP S4 and STEP S5 are performed.

[0033]

The limit information acquisition unit 101 included in the travel control device 3
inputs the limit information including only the sequences corresponding the
representative two speeds among the sequence of the relative positions from the current
posttion from the vehicle speed limit unit 100. The limit information acquisition unit
101 outputs the limit information input from the vehicle speed limit unit 100 to the travel
curve generation unit 104.

The current position acquisition unit 102 inputs the current position from the
vehicle speed limit unit 100.  The current position acquisition unit 102 outputs the
current position input from the vehicle speed limit unit 100 to the travel curve generation
unit 104.

The current speed acquisition unit 103 inputs the current speed from the vehicle
speed limit unit 100. The current speed acquisition unit 103 outputs the current speed
input from the vehicle speed limit unit 100 to the travel curve generation unit 104,

[0034]

The travel curve generation unit 104 inputs the limit information, the current
position, and the current speed from the limit information acquisition unit 101, the
current position acquisition unit 102, and the current speed acquisition unit 103
respectively.  Then, the travel curve generation unit 104 calculates the guaranteed
deceleration (3 and the relative position dy, of the deceleration completion position by
substituting the input limit information into the holding Equation (2) below.

[0035]
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Equation (2)

B —v1% + 1,2
2(xy — x5 + (v —v2)Ty)

b

2
db =%+U1Td - - (2)

[0036]
Next, the travel curve generation unit 104 substitutes the current position input
5 from the vehicle speed limit unit 100, the current speed, the calculated guaranteed
deceleration 3, and the relative position dy into the holding Equation (3) below. Then,

the travel curve generation unit 104 generates the speed limit curve shown in FIG. 6

(STEP S10).
[0037]
10 Equation (3)
/ v?
xa‘tp(v.)=x0+db—5[—?—de c e (3)
[0038]

Then, the travel curve generation unit 104 generates Equation (4) below having
the margin of, for example, five km per hour as the travel curve with respect to the speed
15 limt curve generated according to Equation (3) (STEP S11). Then, the processing
items in STEP S§7 and STEP S8 are performed.
[0039]

Equation (4)
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Xatp(V) = x' gy (v + 2) e (4)

[0040]

As described above, the processing flow of the traffic system 1 including the
travel control device 3 according to the second embodiment of the present invention is
described. By the travel control device 3 included in the traffic system 1 described
above, the speed limit at each position in order to achieve a predetermined deceleration
completion speed at the speed limit start position is set according to the speed limit start
position acquired from the ground ATP device 200. The travel control device 3 acquires
the limit information including the two representative speed limit information items and
the position information corresponding to the speed limit. The travel control device 3
acquires the current position of the vehicle 2, acquires the current speed of the vehicle 2,
and generates the travel curve according to the acquired limit information, the current
position, and the current speed. The travel control device 3 generates the speed
command according to the generated travel curve and the current position.

In this way, when the vehicle 2 performs the automatic driving using the travel
control device 3, it is possible to reduce the travelling time of the train with respect to the
travelling distance.

In addition, an amount of information output from the vehicle speed limit unit
100 to the travel control device 3 is reduced, and thus, an amount of communication
performed by the travel control device 3 is reduced and a transmission delay is reduced.
As a result thereof, it 1s possible to reduce the manufacturing cost of the travel control
device 3.

[0041]
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Next, a third embodiment will be described.

FIG. 7 is a diagram showing an example of a processing flow of the traffic
system 1 including a travel control device 3 according to the third embodiment of the
present invention.

Next, the traffic system 1 including the travel control device 3 according to the
third embodiment of the present invention will be described.

It is assumed that the vehicle speed limit unit 100 according to the third
embodiment sets the speed limit curve according to the speed limit start position acquired
from the ground ATP device 200 and Equation (1) in which the guaranteed deceleration 3
are regarded to be constant. In addition, it is assumed that the travel control device 3
holds Equation (5) expressed below.

[0042]

Equation (5)

(v?3-1p?)

o~ VT c e (5)

x’atp(v) = Xo + dp —

[0043]

The processing items in STEP S1 and STEP 82 are performed. Then, the
vehicle speed limit unit 100 outputs the limit information including a relative position db
up to the deceleration completion position at which the speed shown in FIG. 6 becomes
zero, a speed vb, and the guaranteed deceleration 8, to the travel control device 3 (STEP
S12).

[0044]

The limit information acquisition unit 101 included in the travel control device 3

inputs the limit information including the relative position db up to the deceleration
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completion position, the speed vb, and the guaranteed deceleration 8 from the vehicle
speed limit unit 100.  The limit information acquisition unit 101 outputs the limit
information input from the vehicle speed limit unit 100 to the travel curve generation unit
104.

The current position acquisition unit 102 inputs the current position from the
vehicle speed limit unit 100. The current position acquisition unit 102 outputs the
current position input from the vehicle speed limit unit 100 to the travel curve generation
unit 104.

The current speed acquisition unit 103 inputs the current speed from the vehicle
speed limit unit 100. The current speed acquisition unit 103 outputs the current speed
input from the vehicle speed limit unit 100 to the travel curve generation unit 104.

[0045]

The travel curve generation unit 104 inputs the limit information, the current
position, and the current speed from the limit information acquisition unit 101, the
current position acquisition unit 102, and the current speed acquisition unit 103
respectively. Then, the travel curve generation unit 104 substitutes the input limit
information, the current position, and the current speed into Equation (5) held in the
travel control device 3, and generates the speed limit curve (STEP S13). Then, the
processing items in STEP S11, STEP 87, and STEP S8 are performed.

[0046]

In this way, when the vehicle 2 performs the automatic driving using the travel
control device 3, it is possible to reduce the travelling time of the train with respect to the
travelling distance.

In addition, an amount of information output from the vehicle speed limit unit

100 to the travel control device 3 is reduced, and thus, an amount of commmunication
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performed by the travel control device 3 is reduced. As a result thereof, it is possible to
reduce the manufacturing cost of the travel control device 3.

(0047}

When the travel curve generation unit 104 in the second embodiment or in the
third embodiment generates the travel curve from the speed limit curve, the travel curve
may be generated such that the speed margin increases as the speed of the vehicle 2
increases.

For example, the travel curve generation unit 104 may add a term “-0.2v” that

2 that corrects a bad effect of the

corrects the transmission delay or a term “-0.01v
regenerative brake such as “Xu(V) = X a0 (v-2) - 0.2v - 0.01v*”,

In this way, it is possible to reduce a risk that the brake operates while being
closer to the speed limit curve as the travel speed of the vehicle 2 is in the high speed
range.

In addition, the control described with respect to the traffic system 1 including
the travel control device 3 according to the embodiments of the present invention is not
limited to a control of the position up to the deceleration completion request position
shown in FIG. 2.  The control described with respect to the traffic system 1 including
the travel control device 3 according to the embodiments of the present invention can be
similarly applied to a deceleration control up to a stop limit (speed limit of the speed 0)
of the vehicle 2.

[0048]

The embodiments of the present invention are described. However, a computer
system is included in the travel control device 3, the vehicle speed limit unit 100, and the

ground ATP device 200. Then, the processing procedures described above are stored in

a computer readable recording medium as a form of a program, and the processing items
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described above are executed by the computer reading and executing the program. Here,
the examples of the computer readable recording medium include a magnetic disk, an
optical magnetic disk, a CD-ROM, a DVD-ROM, a semiconductor memory, or the like.
In addition, the computer program may be distributed to computers via a communication
5 line and the computer receiving the distribution may execute the program.

[0049]

In addition, the program described above may be a program for realizing a part
of the functions described above. Furthermore, the program described above may be a
program that can realize the functions described above by a combination with a program

10 already recorded in a computer system, so-call a differential file (a differential program).

[0050]

Some of the embodiments of the present invention are described. However, the
described embodiments are just provided as examples and do not limit the scope of the
invention. In addition, various omissions, substitutions, and modifications can be made

15  without departing from the scope of the invention.

INDUSTRIAL APPLICABILITY
[0051]
According to the travel control device, the vehicle, the traffic system, the control
20 method, and the program described above, when the automatic driving is performed on
the vehicle, it is possible to reduce the travelling time of the train with respect to the

travelling distance.

Reference Signs List

25 [0052]
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101

102

103

104

105

200
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traffic system

vehicle

travel control device

vehicle speed limit unit

limit information acquisition unit
current position acquisition unit
current speed acquisition unit
travel curve generation unit
speed command umt

ground ATP device
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CLAIMS

[Claim 1]

A travel control device that is mounted on a vehicle and sets a travel speed
according to a position of the vehicle and causes the vehicle to travel, the
device comprising:

a limit information acquisition unit that is configured to acquire limit
information which indicates a plurality of relative positions to the front position
with a current position as a reference and each speed limit information at the
front position indicated by each of the plurality of relative positions, from the
vehicle speed limit unit that is configured to set the speed limits at a plurality of
positions in order to achieve a predetermined deceleration completion speed at
the speed limit start position;

a current position acquisition unit that is configured to acquire indirectly
through the vehicle speed limit unit, a current position of the vehicle from a
ground automatic train protection (ATP) device installed on a ground;

a current speed acquisition unit that is configured to acquire indirectly
through the vehicle speed limit unit, a current speed of the vehicle from the
ground ATP device;

a travel curve generation unit that is configured to generate a travel curve
by taking a margin of a recognition position error of the vehicle speed limit unit
with respect to each of the relative positions according to the limit information,
the current position, and the current speed, and by associating a target speed not
exceeding the speed limit with each of the positions including the margin; and

a speed command unit that is configured to generate a speed command
according to the travel curve generated by the travel curve generation unit and
the current position.

[Claim 2]

The travel control device according to Claim 1,

wherein the limit information acquisition unit is configured to acquire the
limit information which includes a plurality of relative positions up to the front
position with the current position as a reference and each speed limit
information at the front position indicated by each of the plurality of relative
positions as a sequence, and

wherein the travel curve generation unit is configured to generate the
travel curve according to the limit information.

[Claim 3]

The travel control device according to Claim 1 or Claim 2,

wherein the limit information acquisition unit is configured to acquire
limit information including only the sequence with respect to the representative
speed among the sequence of the relative positions from the current position to
the front position, and

wherein the travel curve generation unit is configured to generate the
travel curve according to the limit information.

[Claim 4]
The travel control device according to Claim 1 or Claim 2,
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wherein the limit information acquisition unit is configured to acquire the
limit information including the relative position from the current position to a
deceleration completion position, the speed, and a guaranieed deceleration, and

wherein the travel curve generation unit is configured to generate the
travel curve according to the limit information.

[Claim 5]

A vehicle comprising:

a vehicle speed limit unit that is configured to set a speed limit at each
position in order to achieve a predetermined deceleration completion speed at
the speed limit start position;

a limit information acquisition unit that is configured to acquire limit
information which indicates a plurality of relative positions to the front position
with a current position as a reference and each speed limit information at the
front position indicated by each of the plurality of relative positions, from the
vehicle speed limit unit;

a current position acquisition unit that is configured to acquire indirectly
through the vehicle speed limit unit, a current position of the vehicle from a
ground automatic train protection (ATP) device installed on a ground,

a current speed acquisition unit that is configured to acquire indirectly
through the vehicle speed limit unit, a current speed of the vehicle from the
ground ATP device;

a travel curve generation unit that is configured to generate a travel curve
by taking a margin of a recognition position error of the vehicle speed limit unit
with respect to each of the relative positions according to the limit information,
the current position, and the current speed, and by associating a target speed not
exceeding the speed limit with each of the positions including the margin; and

a speed command unit that is configured to generate a speed command
according to the travel curve generated by the travel curve generation unit and
the current position.

[Claim 6]

A traffic system comprising:

a vehicle that includes:

a vehicle limit unit that is configured to set speed limits at each position in
order to achieve a predetermined deceleration completion speed at the speed
limit start position;

a limit information acquisition unit that is configured to acquire limit
information which indicates a plurality of relative positions to the front position
with a current position as a reference and each speed limit information at the
front position indicated by each of the plurality of relative positions, from the
vehicle speed limit unit;

a current position acquisition unit that is configured to acquire indirectly
through the vehicle speed limit unit, a current position of the vehicle from a
ground automatic train protection (ATP) device installed on a ground;

a current position acquisition unit that is configured to acquire indirectly
through the vehicle speed limit unit, a current position of the vehicle from the
ground ATP device;

a travel curve generation unit that is configured to generate a travel curve
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by taking a margin of a recognition position error of the vehicle speed limit unit
with respect to each of the relative positions according to the limit information,
the current position, and the current speed, and by associating a target speed not
exceeding the speed limit with each of the positions including the margin; and

a speed command unit that is configured to generate a speed command
according to the travel curve generated by the travel curve generation unit and
the current position.

[Claim 7]

A control method of a travel control device that is mounted on a vehicle
and sets a travel speed according to a position of the vehicle and causes the
vehicle to travel, the method comprising:

causing a limit information acquisition unit of the travel control device to
acquire limit information which indicates a plurality of relative positions to the
front position with a current position as a reference and each speed limit
information at the front position indicated by each of the plurality of relative
positions, from the vehicle speed limit unit of the travel control device that sets
the speed limits at a plurality of positions in order to achieve a predetermined
deceleration completion speed at the speed limit start position;

causing a current position acquisition unit of the travel control device to
acquire indirectly through the vehicle speed limit unit, a current position of the
vehicle from a ground automatic train protection (ATP) device installed on a
ground;

causing a current speed acquisition unit of the travel control device to
acquire indirectly through the vehicle speed limit unit, a current speed of the
vehicle from the ground ATP device;

causing a travel curve generation unit of the travel control device to
generate a travel curve by taking a margin of a recognition position error of the
vehicle speed limit unit with respect to each of the relative positions according
to the limit information, the current position, and the current speed, and by
associating a target speed not exceeding the speed limit with each of the
positions including the margin; and

causing a speed command unit of the travel control device to generate a
speed command according to the travel curve generated by the travel curve
generation unit and the current position.

[Claim 8]

A program causing a computer in a travel control device, which is
mounted on a vehicle and sets a travel speed according to a position of the
vehicle and causes the vehicle to travel, to function as:

limit information acquisition means for acquiring limit information which
indicates a plurality of relative positions to the front position with a current
position as a reference and each speed limit information at the front position
indicated by each of the plurality of relative positions, from the vehicle speed
limit unit of the travel control device that sets the speed limits at a plurality of
positions in order to achieve a predetermined deceleration completion speed at
the speed limit start position;

current position acquisition means for acquiring indirectly through the
vehicle speed limit unit, a current position of the vehicle from a ground
automatic train protection (ATP) device installed on a ground;
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current speed acquisition means for acquiring indirectly through the
vehicle speed limit unit, a current speed of the vehicle from the ground ATP
device;

travel curve generation means for generating a travel curve by taking a
margin of a recognition position error of the vehicle speed limit unit with
respect to each of the relative positions according to the limit information, the
current position, and the current speed, and by associating a target speed not
exceeding the speed limit with each of the positions including the margin; and

speed command means for generating a speed command according to the
travel curve generated by the travel curve generation unit and the current
position.



