DESCRIPTION

Title of Invention
VEHICLE CONTROL SYSTEM, RESOURCE MANAGEMENT DEVICE,

VEHICLE CONTROL METHOD, AND PROGRAM

Technical Field

[0001]

The present invention relates to a vehicle control
system, a resource management apparatus, a vehicle control
method, and a program.

The present application claims benefit of priority
based on Japanese Patent Application No. 2017-155772 filed
on August 10, 2017, the content of which is incorporated
herein by reference.

Background Art

[0002]

A track-based traffic system (hereinafter, a
railroad system) performing high density operation
includes an automatic train protection (ATP) device for
safely maintaining the speed of a train. In the railroad
system including the ATP device, an interlocking device in
the related art performs control for switching a point
machine present at a branch of a track. The interlocking

device performs exclusive control between vehicles in



units of routes (block sections). The interlocking device
performs control for switching the point machine while
securing safety. In such a railroad system, the
interlocking device and the ATP device are installed on
the ground side. These machines of the interlocking
device and the ATP device are expensive and require
preparation of a large machine room. The interlocking
device operates based on a logic table called an
"interlocking table"™ created by a signal technician having
special skills. However, the creation of the logic table
requires the signal technician having special skills. 1In
addition, in the creation of the logic table, not only a
cost related to initial design is incurred, but also a
high cost is incurred in maintenance.

[0003]

As a technology for resolving such a problem, a
technology for traveling control of a vehicle traveling on
a track without creating an interlocking table requiring
high level technology is disclosed (refer to PTL 1).
Citation List

Patent Literature

[0004]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2017-94975

Summary of Invention



Technical Problem

[0005]

In the case of controlling the vehicle traveling on
the track, the railroad system is desired to be capable of
performing control for setting a Dblock section not
reservable by vehicles at the same time between block
sections respectively reserved Dby vehicles traveling in
opposition, and perform control for preventing an interval
as far as possible Dbetween vehicles traveling at an
interval in the same direction. A technology enabling
control for setting the block section not reservable by
vehicles at the same time Dbetween the Dblock sections
respectively reserved by the vehicles traveling in
opposition and control for preventing an interval as far
as possible between the vehicles traveling at an interval
in the same direction without creating the interlocking
table requiring high level technology is needed.

[0006]

Therefore, an object of the invention is to provide
a vehicle control system, a resource management device, a
vehicle control method, and a program for resolving the
above problem.

Solution to Problem

[0007]

According to a first aspect of the present invention,



a vehicle control system includes a traveling management
device including a reservation request unit that transmits
a reservation request for a block section of a reservation
target to a resource management device among a plurality
of block sections included in a track traveled by a
vehicle based on track information indicating the
plurality of block sections constituting the track of the
vehicle and a connection relationship between the Dblock
sections, and the resource management device including a
reservation management unit that records the block section
of the reservation target indicated by the reservation
request and a connection boundary between the Dblock
section and another block section in a first reservation
management table as a reserved target of the wvehicle
transmitting the reservation request in a case where the
block section of the reservation target indicated by the
reservation request 1is not reserved by a vehicle other
than the vehicle transmitting the reservation request at a
time of reception of the reservation request.

[0008]

In the vehicle control system, in a case where the
connection boundary is recorded in the first reservation
management table as the reserved target, the reservation
management unit of the resource management device may

reject the reservation request for a block section having



the connection boundary.

[0009]

In the wvehicle control system, in a case where a
connection boundary that 1is positioned in an advancing
direction of the vehicle between connection boundaries at
both ends of the block section of the reservation request
from the vehicle is recorded in the first reservation
management table as the reserved target, the reservation
management unit of the resource management device may
reject the reservation request for a block section having
the connection boundary.

[0010]

In the vehicle control system, the resource
management device may include a first resource management
device that performs reservation management of the block
section using the first reservation management table, and
a second resource management device that records the block
section of the reservation target indicated by the
reservation request 1in a second reservation management
table as the reserved target of the vehicle transmitting
the reservation request without recording the connection
boundary disposed in the block section of the reservation
target indicated by the reservation request as the
reserved target and performs reservation management of the

block section wusing the second reservation management



table in a case where the block section of the reservation
target indicated Dby the reservation request is not
reserved by the vehicle other than the vehicle
transmitting the reservation request at the time of
reception of the reservation request, and the reservation
request unit of the traveling management device may
transmit the reservation request to any of the first
resource management device or the second resource
management device disposed in correspondence with a
position of the vehicle traveling on the track.

[0011]

In the vehicle control system, the first resource
management device may perform a process based on a
reservation request for each block section installed in a
first management area, and the second resource management
device may perform a process based on a reservation
request for each Dblock section installed in a second
management area.

[0012]

In the wvehicle control system, the reservation
management table may store identification information of
the block section in association with a reservation state
of the block section, the resource management device may
include a malfunction detection wunit that detects a

malfunction of the wvehicle, and 1in a case where the



malfunction of the vehicle is detected, the reservation
management unit of the resource management device may
update the reservation state of the block section reserved
by the wvehicle to a train malfunction and delete a
recording of the reservation management table for the
connection boundary as the reserved target.

[0013]

In the vehicle control system, the resource
management device may record a block section reserved by
the vehicle having the detected malfunction in the
reservation management table as a block section of a
reserved target reserved by a rescue vehicle connected to
a malfunctioning vehicle.

[0014]

According to a second aspect of the present
invention, a resource management device 1is a resource
management device included in a vehicle control system and
includes a reservation management unit that makes
communication connection to a traveling management device
including a reservation request unit that transmits a
reservation request for a block section of a reservation
target to a resource management device among a plurality
of block sections included in a track traveled by a
vehicle based on track information indicating the

plurality of block sections constituting the track of the



vehicle and a connection relationship between the Dblock
sections, and records the block section of the reservation
target indicated Dby the reservation request and a
connection boundary between the block section and another
block section in a first reservation management table as a
reserved target of the vehicle transmitting the
reservation request in a case where the block section of
the reservation target indicated by the reservation
request 1is not reserved by a vehicle other than the
vehicle transmitting the reservation request at a time of
reception of the reservation request.

[0015]

In the resource management device, in a case where a
connection boundary that 1s positioned in an advancing
direction of the vehicle between connection boundaries at
both ends of the block section of the reservation request
from the vehicle is recorded in the first reservation
management table as the reserved target, the reservation
management unit may reject the reservation request for a
block section having the connection boundary.

[0016]

In the resource management device, the reservation
management table may store identification information of
the block section in association with a reservation state

of the block section, a malfunction detection unit that



detects a malfunction of the wvehicle may be included, and
in a case where the malfunction of the vehicle is detected,
the reservation management unit of the resource management
device may update the reservation state of the Dblock
section reserved by the vehicle to a train malfunction and
delete a recording of the reservation management table for
the connection boundary as the reserved target.

[0017]

In the resource management device, the reservation
management unit may record a block section reserved by the
vehicle having the detected malfunction in the reservation
management table as a block section of a reserved target
reserved by a rescue vehicle connected to a malfunctioning
vehicle.

[0018]

According to a third aspect of the present invention,
a vehicle control method includes making communication
connection to a traveling management device including a
reservation request unit that transmits a reservation
request for a block section of a reservation target to a
resource management device among a plurality of Dblock
sections included in a track traveled by a vehicle based
on track information indicating the plurality of block
sections constituting the track of the wvehicle and a

connection relationship between the block sections, and



recording the block section of the reservation target
indicated by the reservation request and a connection
boundary between the block section and another Dblock
section in a first reservation management table as a
reserved target of the vehicle transmitting the
reservation request in a case where the block section of
the reservation target indicated by the reservation
request 1s not reserved by a vehicle other than the
vehicle transmitting the reservation request at a time of
reception of the reservation request.

[0019]

In the vehicle control method, in a case where a
connection boundary that i1s positioned in an advancing
direction of the vehicle between connection boundaries at
both ends of the block section of the reservation request
from the vehicle is recorded in the first reservation
management table as the reserved target, the reservation
request for a block section having the connection boundary
may be rejected.

[0020]

In the vehicle control method, the reservation
management table may store identification information of
the block section in association with a reservation state
of the block section, a malfunction of the wvehicle may be

detected, and in a case where the malfunction of the



vehicle 1s detected, the resource management device may
update the reservation state of the block section reserved
by the wvehicle to a train malfunction and delete a
recording of the reservation management table for the
connection boundary as the reserved target.

[0021]

In the vehicle control method, a block section
reserved by the wvehicle having the detected malfunction
may be recorded in the reservation management table as a
block section of a reserved target reserved by a rescue
vehicle connected to a malfunctioning vehicle.

[0022]

In the wvehicle control method, the traveling
management device may transmit the reservation request for
the Dblock section of the reservation target to the
resource management device among the plurality of block
sections included in the track traveled by the wvehicle
based on the track information indicating the plurality of
block sections constituting the track of the vehicle and a
connection relationship between the block sections, and
the resource management device may record the Dblock
section of the reservation target indicated by the
reservation request and the connection boundary between
the block section and the other block section in the first

reservation management table as the reserved target of the



vehicle transmitting the reservation request in a case
where the Dblock section of the reservation target
indicated by the reservation request 1is not reserved by
the vehicle other than the vehicle transmitting the
reservation request at the time of reception of the
reservation request.

[0023]

According to a fourth aspect of the present
invention, a program causes a computer of a resource
management device included in a vehicle control system to
function as means for making communication connection to a
traveling management device including a reservation
request unit that transmits a reservation request for a
block section of a reservation target to a resource
management device among a plurality of block sections
included in a track traveled by a vehicle based on track
information indicating the plurality of block sections
constituting the track of the wvehicle and a connection
relationship between the block sections, and means for
recording the block section of the reservation target
indicated by the reservation request and a connection
boundary between the block section and another Dblock
section in a first reservation management table as a
reserved target of the vehicle transmitting the

reservation request in a case where the block section of



the reservation target indicated by the reservation
request 1s not reserved by a vehicle other than the
vehicle transmitting the reservation request at a time of
reception of the reservation request.

[0024]

The program may further cause the computer of the
resource management device included in the vehicle control
system to function as means for rejecting the reservation
request for a block section having the connection boundary
in a case where a connection boundary that is positioned
in an advancing direction of the vehicle Dbetween
connection boundaries at both ends of the block section of
the reservation request from the wvehicle is recorded in
the first reservation management table as the reserved
target.

[0025]

The program may further cause the computer of the
resource management device included in the vehicle control
system to function as means for detecting a malfunction of
the vehicle, and means for updating the reservation state
of the block section reserved by the vehicle to a train
malfunction and deleting a recording of the reservation
management table for the connection boundary as the
reserved target in a case where the malfunction of the

vehicle is detected.



[0026]

The program may further cause the computer of the
resource management device included in the vehicle control
system to function as means for recording a block section
reserved by the vehicle having the detected malfunction as
a block section of a reserved target reserved by a rescue
vehicle connected to a malfunctioning vehicle.
Advantageous Effects of Invention

[0027]

The vehicle control system of the present invention
can easily perform control for setting a block section not
reservable by vehicles at the same time between block
sections respectively reserved Dby vehicles traveling in
opposition, and perform control for preventing an interval
as far as possible Dbetween vehicles traveling at an
interval in the same direction. Accordingly, an accident
can be avoided by always disposing a block section for
vehicles in opposition. High operation efficiency control
can be performed without disposing a block section for the
vehicle advancing in the same direction.

Brief Description of Drawings

[0028]

Fig. 1 is a diagram illustrating a configuration of
a vehicle control system.

Fig. 2 is a function block diagram of an in-vehicle



signal device, a traveling management device, and a
resource management device.

Fig. 3 1is a diagram illustrating each block section
constituting a track of a vehicle.

Fig. 4 1is a diagram illustrating a reservation
management table stored in the resource management device.

Fig. 5 is a diagram illustrating a process flow of
the vehicle control system according to a first embodiment.

Fig. 6 1s a diagram illustrating an installation
state of the resource management device according to a
second embodiment.

Fig. 7 is a diagram illustrating a process flow of a
vehicle control system according to the second embodiment.

Fig. 8 is a diagram illustrating a process flow of a
vehicle control system according to a third embodiment.

Fig. 9 is a diagram illustrating a vehicle
management table.

Description of Embodiments

[0029]

Hereinafter, a vehicle control system according to
one embodiment of the present invention will be described
with reference to the drawings.

Fig. 1 is a diagram illustrating a configuration of
the vehicle control system according to one embodiment of

the present invention.



Fig. 1 illustrates a vehicle control system 10. As
illustrated in Fig. 1, the wvehicle control system 10
includes an operation management device 2, an in-vehicle
signal device 3 mounted in a vehicle 1, and a resource
management device 4. The operation management device 2
and the in-vehicle signal device 3 are connected by
wireless signaling. The operation management device 2
outputs information for operation to the in-vehicle signal
device 3. The in-vehicle signal device 3 includes a
traveling management device 30. The in-vehicle signal
device 3 and the resource management device 4 are
connected by wireless signaling. The vehicle 1 travels on
a track. The track is configured with a plurality of
block sections. The traveling management device 30 of the
in-vehicle signal device 3 transmits and receives
information with the resource management device 4 in order
to perform reservation management of each block section
that is a resource.

[0030]

More specifically, the traveling management device
30 specifies a plurality of block sections included in the
track traveled by the vehicle 1 based on track information
that indicates the plurality of block sections
constituting the track of the vehicle 1 and a connection

relationship between the Dblock sections. Among the



specified plurality of Dblock sections, the traveling
management device 30 specifies a Dblock section as a
reservation target that 1is positioned ahead of a block
section in which the wvehicle 1is currently present. The
traveling management device 30 transmits a reservation
request indicating the Dblock section of the reservation
target to the resource management device 4. The resource
management device 4 determines whether at the time of
reception of the reservation request, the block section of
the reservation target indicated by the reservation
request and a connection boundary between the Dblock
section and another Dblock section are reserved by a
vehicle other than the wvehicle 1 transmitting the
reservation request, a malfunctioning vehicle is present
in the block section of the reservation target, or an on-
ground device of the block section of the reservation
target 1is malfunctioning. In a case where the Dblock
section of the reservation target 1is not reserved by a
vehicle other than the wvehicle 1, a malfunctioning vehicle
is not present in the Dblock section of the reservation
target, and the on-ground device of the block section of
the reservation target is not malfunctioning, the resource
management device 4 specifies the block section of the
reservation target indicated by the reservation request

and the connection boundary between the block section and



the other block section. The resource management device 4
records the specified block section and the connection
boundary in a reservation management table as a reserved
target of the vehicle transmitting the reservation request.
At this point, in a case where the specified connection
boundary is already recorded in the reservation management
table as the reserved target, the resource management
device 4 rejects the reservation request for the block
section having the connection boundary from the traveling
management device 30.

[0031]

Fig. 2 is a function block diagram of the in-vehicle
signal device, the traveling management device, and the
resource management device according to one embodiment of
the present invention.

The in-vehicle signal device 3 includes processing
units of a speed calculation wunit 310 and a traveling
control unit 320 in addition to the traveling management
device 30.

The traveling management device 30 includes
processing units of a traveling path specifying unit 31, a
reservation request unit 32, a passage information
notification unit 33, a reservation cancelation unit 34, a
control unit 35, a communication unit 36, and a connection

management unit 38, and a storage unit 37.



[0032]

The resource management device 4 includes processing
units of a reservation management unit 41, a Dbranch
management unit 44, a control unit 45, and a communication
unit 46, and a storage unit 47.

[0033]

The traveling path specifying wunit 31 of the
traveling management device 30 specifies one or a
plurality of block sections included in the track traveled
by the vehicle 1 based on the track information indicating
the plurality of Dblock sections and the connection
relationship between the block sections.

The reservation request unit 32 specifies the block
section as the reservation target positioned ahead of the
block section in which the vehicle 1 is currently present
among the plurality of block sections specified by the
traveling path specifying wunit 31. The reservation
request unit 32 transmits the reservation request for the
block section of the reservation target to the resource
management device 4.

[0034]

The reservation management unit 41 of the resource
management device 4 determines whether or not at the time
of reception of the reservation request, one or a

plurality of block sections of the reservation target



indicated by the reservation request and the connection
boundaries between the block sections and other block
sections are reserved by a vehicle other than the vehicle
1 transmitting the reservation request. In a case where
the reservation management unit 41 determines that the
block sections and the connection boundary are not
reserved by a vehicle other than the vehicle 1, the
reservation management unit 41 records the one or the
plurality of Dblock sections of the reservation target
indicated by the reservation request and the connection
boundaries between the block sections and the other block
sections 1in the reservation management table as the
reserved target of the vehicle 1 transmitting the
reservation request. In a case where the connection
boundaries are already —recorded in the reservation
management table as the reserved target of another wvehicle,
the reservation management unit 41 rejects the reservation
request for the Dblock sections having the connection
boundaries from the traveling management device 30.

[0035]

The speed calculation wunit 310 of the in-vehicle
signal device 3 calculates a speed limit pattern in each
block section up to a Dblock section indicated in
reservation completion information.

The traveling control unit 320 of the in-vehicle



signal device 3 performs stoppage control of a brake and
the like based on the speed limit pattern and a signal
from a higher device.

[0036]

The passage information notification unit 33 of the
traveling management device 30 transmits a passed block
section of the vehicle 1 to the resource management device
4.

In a case where the reservation cancelation unit 34
of the traveling management device 30 acquires a
cancelation request for the reserved block section from
the higher device, the reservation cancelation unit 34
performs stoppage control of the wvehicle 1. After the
stoppage of the vehicle, the reservation cancelation unit
34 transmits a reservation cancelation of the Dblock
section that is present ahead in an advancing direction
among the reserved Dblock sections to the resource
management device 4.

The control wunit 35 of the traveling management
device 30 controls other function units.

The communication unit 36 of the traveling
management device 30 communicates with other devices.

The connection management unit 38 of the traveling
management device 30 performs a process for connecting

vehicles.



[0037]

In a case where a block section having a branch is
present among the reserved block sections of the wvehicle,
the branch management unit 44 of the resource management
device 4 performs switching control of the branch (point
machine) for the vehicle based on a traveling direction.

In the resource management device 4, the control
unit 45 controls each processing unit in the device.

The communication unit 46 of the resource management
device 4 communicates with other devices such as the in-
vehicle signal device 3.

The storage unit 47 stores information for resource
management. For example, the storage unit 47 stores a
resource management table.

[0038]

Fig. 3 1is a diagram illustrating each block section
constituting the track of the wvehicle.

The track illustrated in Fig. 3 is a track that is
configured by connecting block sections represented by
identification information 1T, 1WT(N), 1WT(R), 2T, 2WT(N),
2WT(R), 3T, 4T, 3WT(N), 3WT(R), A4WT(N), and 4WT(R). The
track illustrated in Fig. 3 has a branch. In the block
section having the branch, the identification information
of a block section in which the point machine is used in a

state where the point machine is set to a position on a



normal position side is represented with "N". In the
block section having the Dbranch, the identification
information of a block section in which the point machine
is used in a state where the point machine is set to a
position on a reverse position side 1is represented with
"R". For example, in the block section 1WT, in a case
where the point machine is controlled to be positioned on
the normal position side, the identification information
of the block section is represented by 1WT(N). In the
block section 1WT, in a case where the point machine is
controlled to be positioned on the reverse position side,
the identification information of the block section is
represented by 1WT (R).

[0039]

Specifically describing the connection relationship
between the block sections of the track illustrated in Fig.
3, first, a block section 1T is connected to the Dblock
sections 1IWT(N) and 1WT(R). A connection boundary a is
disposed in the end portion of the block section 1T in the
leftward direction of the drawing. A connection boundary
b is disposed in the other end portion in the rightward
direction of the drawing. The Dblock section 1T is
connected to the Dblock section 1WT(N) and the Dblock
section 1WT(R) at the connection boundary b. The Dblock

section 1WT (N) has the connection boundary b on the block



section 1T side and has a connection boundary c¢ in the
other end portion different from the connection boundary b.
The block section 1IWT(N) is connected to the block section
3T at the connection boundary c. The block section 3T has
the connection boundary ¢ on the block section 1WT(N) side
and has a connection boundary d in the other end portion
different from the connection boundary c. The Dblock
section 3T is connected to the block section 3WT (N) at the
connection boundary d. The block section 3WT(N) has the
connection boundary d on the block section 3T side and has
a connection boundary i in the other end portion different
from the connection boundary d.

[0040]

The block section 3WT(R) has the connection boundary
i at one end and is connected to the block section 4WT (R)
at a connection boundary Jj at the other end. The Dblock
section 4WT (R) has the connection boundary j on the block
section 3WT (R) side and has a connection boundary h in the
other end portion different from the connection boundary j.
The block section 4WT (R) 1s connected to the block section
4T at the connection boundary h. The block section 4WT (N)
is also connected to the connection boundary h. The block
section 4WT (N) has the connection boundary h on the block
section 4T side and has a connection boundary k in the

other end portion different from the connection boundary h.



[0041]

The block section 4T has the connection boundary h
on the block section 4WT(R) side and the block section
4WT (N) side, and has a connection boundary g in the other
end portion different from the connection boundary h. The
block section 4T is connected to the block section 2WT (R)
and the block section 2WT(N) at the connection boundary g.
The block section 2WT (N) has the connection boundary g on
the block section 4T side and has a connection boundary f
in the other end portion different from the connection
boundary g. The block section 2WT(N) is connected to the
block section 2T at the connection boundary f. The block
section 2T has the connection boundary f£ on the Dblock
section 2WT (N) side and has a connection boundary e at the
other end different from the connection boundary £f. The
block section 2WT(R) has the connection boundary g on the
block section 4T side and has a connection boundary i at
the other end different from the connection boundary g.
The block section 2WT (R) is connected to the block section
1WT (R) at the connection boundary 1i. The block section
1WT (R) has the connection boundary i1 on the block section
2WT (R) side and has the connection boundary b at the other
end different from the connection boundary 1i. The block
section 1WT(R) is connected to the block section 1T at the

connection boundary b. The connection relationship

_25_



between the block sections of the track illustrated in Fig.
3 is described thus far.

[0042]

In Fig. 3, it 1is represented that a wvehicle 0001 1is
present 1in the Dblock section 1T. In Fig. 3, 1t 1is
illustrated that the vehicle 0001 is on a route D1l. The
route D1 includes the block sections 1T and 1WT(R) in this
order in a route direction. In Fig. 3, it is represented
that a vehicle 0002 is present between the block sections
3WT (R) and 4WT (R). The vehicle 0002 is on a route D2. The
route D2 includes the block sections 3WT(R), 4WT(R), 4T,

in this order in the route direction.

[0043]

As illustrated in Fig. 3, the vehicle 0001 and the
vehicle 0002 have opposite route directions. In such a
case, the resource management device 4 performs control
such that block sections reservable by the wvehicle 0001
and the vehicle 0002 in opposition are separated by one
section from each other. That is, in the track
illustrated in Fig. 3, the resource management device 4
performs control such that the block section 2WT(R) cannot
be reserved by any of the wvehicle 0001 and the wvehicle
0002 having opposite route directions. More specifically,
based on the reservation request, the resource management

device 4 assigns the connection boundary between the block

_26_



section specified by the reservation request and another
block section other than the reservation target to the
vehicle making the reservation request in order of
earliest reservation request. The resource management
device 4 performs control for 1locking the other block
section connected to the connection boundary assigned to
the vehicle and not assigning the connection boundary to
another vehicle. Accordingly, in the situation
illustrated in Fig. 3, the resource management device 4
assigns the vehicle 0001 to the connection boundary 1
based on the reservation request and assigns the
connection boundary g to the vehicle 0002 based on the
reservation request from the wvehicle 0002 traveling in
opposition to the vehicle 0001. However, since the block
section 2WT(R) is a block section having the connection
boundary i, the resource management device 4 performs
control for locking the assignment of the block section
2WT (R) to the wvehicle 0002. In addition, even in a case
where the reservation request for the block section 2WT (R)
is made from the vehicle 0001, control for 1locking the
assignment of the block section 2WT(R) to the vehicle 0001
is performed since the connection boundary g of the block
section 2WT (R) in the route direction of the wvehicle 0001
is assigned to the vehicle 0002. Accordingly, since both

vehicles cannot reserve the connection boundary ahead in



the route direction, the Dblock section 2WT(R) can be
unoccupied as a block section of an opposition protection
target. Accordingly, vehicles traveling in opposition can
be protected (opposition protection).

In the block section 2WT(N), the connection boundary
f that is on the route direction side of the wvehicle 0002
between the connection boundaries g and f of the Dblock
section 2WT (N) is not reserved by another vehicle. Thus,
the wvehicle 0002 can reserve the block section 2WT(N).
Accordingly, smooth operation management can be performed.

[0044]

Fig. 4 1is a diagram illustrating the reservation
management table stored in the resource management device.

The resource management device 4 creates and
registers two reservation management tables of a block
section reservation management table 401 and a connection
boundary reservation management table 402 in the storage
unit 37. The resource management device 4 can update the
contents of the block section reservation management table
401 and the connection boundary reservation management
table 402.

[0045]

As illustrated in Fig. 4, the Dblock section
reservation management table 401 is a data table storing

the identification information of the block section, a



branch number, identification information of a first
connection boundary (a connection boundary on the left
side of each Dblock section illustrated in Fig. 3),
identification information of a second connection boundary
(a2 connection boundary on the right side of each block
section illustrated in Fig. 3), a branch state, a branch
request state, reservation holder identification
information, a line presence state, and a reservation
state in association.

The first connection boundary and the second
connection boundary indicate two connection boundaries
that are present in one block section and can be connected
to other block sections. The identification information
of the first connection boundary and the second connection
boundary may be shared between other block sections in the
connection relationship.

[0046]

The branch state is information indicating whether
the point machine in the block section having the branch
is changed from the normal position side (N) to the
reverse position side (R) (Y) or not changed (N), or the
branch is not present (none). The branch request state is
information indicating whether a request for changing from
the normal position side to the reverse position side 1is

made (Y) or not (none) for the block section having the



branch among block sections desired to Dbe reserved by
vehicles.

The reservation holder identification information is
information storing identification information of a
reservation source {(a vehicle, a control center, a station,
or the like) that reserves the block section.

[0047]

In the block section reservation management table
401, the reservation state ig information indicating the
current reservation state (regervation available,

reservation unavailable, reservation completion, and the

like) of the block section. The reservation state
"reservation available" indicates a sgituation where
reservation is not made by a vwvehicle. The resource

management device 4 mainly performs a process of updating
the information of the ©block section reservation
management table 401.

[0048]

The connection boundary reservation management table
402 stores the reservation state (presence "Y" and non-
presence "N"), the reservation holder identification
information, and the like in association with
identification information of the connection boundary.
The resource management device 4 performs a process of

updating the information of the connection boundary



reservation management table 402 based on the reservation
request.

[0049]

The resource management device 4 further stores data
of track information indicating the identification
information of each block section, the identification
information of the first connection boundary and the
identification information of the second connection
boundary, and the connection relationship between the
block sections in the storage unit 47.

[0050]

<First Embodiment>

Fig. 5 is a diagram illustrating a process flow of
the vehicle control system according to a first embodiment.

Next, the process flow of the vehicle control system
10 will be described.

In the description of the process flow of the
vehicle control system 10, it is assumed that on the track
configured with each block section illustrated in Fig. 3,
the wvehicle 0001 advances in the route direction D1, and
the wvehicle 0002 advances 1in the route direction D2.
Accordingly, the vehicle 0001 and the wvehicle 0002 have
opposite route directions.

[0051]

In the wvehicle control system 10, first, the



operation management device 2 transmits the track
information including the information of the block
sections included in the track and the <connection
relationship to the in-vehicle signal devices 3 mounted in
the wvehicle 0001 and the vehicle 0002 through wireless
communication. In the track information, an operation
manager may indicate each Dblock section of the track
desired to be traveled by the vehicle 0001 and the vehicle
0002. Hereinafter, the ©process flow of each device
included in the vehicle 0001 will be described. The same
applies to the process flow of each device included in the
vehicle 0002. The in-vehicle signal device 3 of the
vehicle 0001 outputs the track information to the
traveling management device 30. The communication unit 36
of the traveling management device 30 acquires the track
information. The control wunit 35 registers the track
information acquired by the communication unit 36 in the
storage unit 37 (step S101).

[0052]

In this state, the traveling path specifying unit 31
of the traveling management device 30 reads the track
information from the storage unit 37. The traveling path
specifying unit 31 specifies a plurality of block sections
included in the track traveled by the vehicle 0001 based

on the track information (step S5102) . The track



information may be information including the
identification information of the block sections
constituting the track that is already decided in advance
to be traveled by the vehicle 0001. Alternatively, the
track information may Dbe information including the
identification information of the block sections
constituting each track of a plurality of paths randomly
selectable by the wvehicle 0001. In a case where a
plurality of paths connecting a specific starting point to
a specific end point can be randomly selected based on the
identification information of the plurality of Dblock
sections included in the track information, the traveling
path specifying unit 31 may specify the Dblock sections
included in the track of a path that is specified using a
predetermined path selection algorithm (graph theory, path
search technology, or the 1like). The traveling path
specifying unit 31 outputs the specified block sections to
the reservation request unit 32. The reservation request
unit 32 specifies information of the acquired Dblock
sections as information of the Dblock sections of the
reservation target. The reservation request unit 32
transmits the reservation request including the
identification information of the block sections of the
reservation target to the resource management device 4

through wireless communication (step S5103) . The



reservation request may include the identification
information of the block section (block section 1T) in
which the wvehicle 0001 1is currently positioned. The
reservation request unit 32 determines whether or not a
branch is present in the block sections included in the
reservation request from information that is synchronized
with the reservation management table recorded in the
storage unit 37. In a case where a branch is present, the
reservation request unit 32 stores the branch request
state indicating whether the point machine is to be set to
the normal position side (N) or the reverse position side
(R) in the reservation request.

[0053]

The reservation management unit 41 of the resource
management device 4 receives the reservation request. The
reservation management unit 41 reads the identification
information of the Dblock sections included in the
reservation request. Based on the identification
information of the block sections read from the
reservation request, the reservation management unit 41
specifies identification information of two connection
boundaries disposed in the block sections from the block
section reservation management table (step S104). For
example, it 1is assumed that the reservation management

unit 41 detects the block section 1WT(R) included in the



reservation request received from the vehicle 0001. In
this case, the reservation management unit 41 specifies
the connection boundaries b and i at both ends of the
block section 1WT(R).

[0054]

The reservation management unit 41 specifies the
connection boundary i that is on a side matching the
advancing direction of the route direction D1 between the
connection boundaries b and 1 of the block section 1WT(R)
(step S105). The reservation management unit 41 reads the
reservation state recorded 1in the connection boundary
reservation management table 402 1in correspondence with
the connection boundary 1i. The reservation management
unit 41 determines whether the reservation state of the
connection Dboundary i indicates non-presence (N), a
malfunctioning vehicle is present on the line in the block
sections included in the reservation request, or the on-
ground devices corresponding to the block sections are
malfunctioning (step S106) . In a case where the
reservation state of the connection boundary 1 indicates
non-presence (N), the reservation management unit 41 reads
the reservation state of the block section 1WT(R) from the
block section reservation management table 401 and checks
that reservation is available in a case where it 1is

determined that a malfunctioning vehicle is not present on



the line in the block section 1WT(R) included in the
reservation request and the on-ground device corresponding
to the block section 1IWT(R) is nct malfunctioning. 1In a
case where the reservation state of the connection
boundary i indicates N and the reservation state of the
block sgection 1WT(R) indicates reservation available, the
reservation management unit 41 updates the block section
regervation management table 401 and the connection
boundary reservation management table 402 such that the
regervation holder identification information
corresponding to those information 4is set with the
information of the wvehicle 0001 (step S107).

[0055]

In a case where the reservation state o¢f the
connection boundary 1 indicates presence {(Y), the
reservation management wunit 41 discards the reservation
request for the block section 1WT(R) having the comnection
boundary 1 at another end. The reservation management
unit 41 determines whether or not all of the block
sections included in the reservation request and the
connection boundaries can be regserved using the same
process in order in accordance with the route direction.
When reservation is available, the reservation management
unit 41 reserves the  block  section and the connection

boundary of the block section on the advancing



direction side of the route direction and finishes
processing. After the completion of the reservation, the
reservation management unit 41 transmits, to the in-
vehicle signal device 3 of the vehicle 0001, the
reservation completion information in which the
reservation holder identification information is updated
to the wvehicle 0001 and that includes the identification
information of each block section and the identification
information of the connection boundaries (step S108). In
a case where the reservation is canceled, the reservation
management unit 41 transmits information indicating non-
establishment of reservation indicating the identification
information of all or a part of the Dblock sections
included in the reservation request to the in-vehicle
signal device 3 of the vehicle 0001 (step S109).

[0056]

In a case where the in-vehicle signal device 3
receives the reservation completion information, the in-
vehicle signal device 3 outputs the reservation completion
information to the traveling management device 30. The
traveling management device 30 records the reservation
completion information in the storage wunit 37. The
reservation completion information may include other
information recorded in a reservation management table 71

in association with the reservation holder identification



information of the wvehicle 0001. Thus, the reservation
completion information may include information related to
the block section reserved by the wvehicle 0001 in the
reservation management table 71. The speed calculation
unit 310 of the in-vehicle signal device 3 acquires the
reserved (reservation completion) block section of the
vehicle 1 based on the reservation completion information
recorded in the storage unit 37. The speed calculation
unit 310 calculates the speed 1limit pattern in the
reserved block section (step S110). A calculation method
for the speed limit pattern varies and is not limited.
For example, the speed calculation unit 310 may acquire
the speed limit of each block section by communicating
with an ATP device disposed on the ground aside the track,
and calculate the speed 1limit pattern in each block
section (the limit value of a speed in each block section)
based on the speed limit. The speed limit pattern may be
calculated depending on a distance to the frontmost
reserved block section in the traveling direction. Based
on the speed limit pattern, the traveling control unit 320
of the in-vehicle signal device 3 controls the speed of
the vehicle 1 to not exceed the speed limit pattern. The
speed calculation unit 310 may calculate the speed limit
pattern using gradient information acquired from the ATP

device. The speed calculation unit 310 may calculate the



speed limit pattern based on information that is acquired
from the operation management device 2 through wireless
communication.

[0057]

According to the process thus far, the traveling
management device 30 of the vehicle 0001 can reserve each
block section and the connection boundaries in the route
direction D1 of the wvehicle 0001.

[0058]

It is assumed that in a state where the vehicle 0001
reserves the Dblock section 1WT(R) and the connection
boundary i ahead of the vehicle 0002 as described above,
the traveling management device 30 of the wvehicle 0002
also transmits the reservation request including the block
section 2WT(R) to the resource management device 4. In
this case, the same process as described above 1is
performed. However, the connection boundary i of the
block section 2WT(R) on the advancing direction side of
the route direction D2 of the vehicle 0002 is already
reserved by the wvehicle 0001. Accordingly, in a case
where the resource management device 4 performs the
process of step S106 based on the reservation request from
the vehicle 0002, the connection boundary i is 1in the
reservation state presence (Y) (No in step S106). Then,

the resource management device 4 discards the reservation



request. Accordingly, the traveling management device 30
included in the wvehicle 0002 cannot reserve the block
section 2WT(R). Meanwhile, the traveling wmanagement
device 30 of the wvehicle 0002 can reserve the block
section 4T and up to the connection boundary g present
ahead in the route direction D2 in a case where the block
section 4T and the connection boundary g are not reserved
by the wvehicle 0001. That is, according tc the above
process, in a case where the connection boundary is
reserved by the traveling management device 30 of another
vehicle, the traveling management device 30 of the vehicle
0002 cannot reserve the block section having the
connection boundary at one end. Accordingly, block
sections reservable by wvehicles having opposite route
directions are always separated by one block section.
Thus, the opposition protection can be performed by the
processes of the traveling management device 30 and the
resource management device 4. The resource management
device 4 may control reservation of the block sections
such that block sections reservable by vehicles having
opposite route directions are separated by one or more
block sections.

In addition, by immediately releasing the
reservation of the passed block section and the connection

boundaries included in the block section based on the



position of the wvehicle and enabling another wvehicle
traveling at an interval in the same direction to make a
reservation, the resource management device 4 performs
contrcl such that an interval is not present between the
vehicles as far as possible. Accordingly, an accident can
be avoided by always disposing a block section that cannot
be reserved by vehicles in opposition to each other. High
operation efficiency contrel can be performed without
disposing a block section for the vehicle advancing in the
same direction.

[0059]

In the above process, in a case where the block
section 2WT(R) cannot  be reserved, the traveling
management device 30 of the wvehicle 0002 performs control
for reserving the block section 2WT(N) and temporarily
moving the vehicle 0002 to the block section 2WT(N). By
doing so, after the vehicle 0001 passes through 2WT(R) and
the connection boundary g, the vehicle 0002 returns to the
block section 4T again and can reserve the block section
2WT(R) in accordance with the route direction D2.

[0060]

<Second Embocdiments

Fig. 6 is a diagram illustrating the installation
state of the resource management device.

For example, the track on which the vehicle 1



travels includes Dblock sections in which the wvehicle 1
performs normal operation. A first management area having
a large operation amount and a second management area such
as a vehicle yard having a smaller operation amount than
the first management area are disposed in the track. The
second management area may be an area other than the
vehicle vyard. The first management area and the second
management area may be set in advance by the operation
manager. A vehicle positioned in each block section in
the first management area communicates with a first
resource management device 4a. A vehicle positioned in
each block section in the second management area
communicates with a second resource management device 4b.
The first resource management device 4a performs the same
process as the process described in the first embodiment.
The second resource management device 4b controls the
operation of the vehicle by performing a different process
from the process described in the first embodiment.

[0061]

Specifically, in the process of reserving the block
section based on the reservation request, the second
resource management device 4b reserves the block section
without wusing information of the connection boundaries
unlike the first embodiment. Accordingly, by not

performing the function of the opposition protection, that



is, the process of disposing a block section not
reservable by vehicles between block sections reserved by
the vehicles traveling in opposition to each other, the
traveling of the vehicles can be controlled with a higher
degree of freedom in the track belonging to the second
management area.

[0062]

Fig. 7 is a diagram illustrating a process flow of a
vehicle control system according to a second embodiment.

The reservation request wunit 32 of the traveling
management device 30 determines whether the vehicle 1 in
which the traveling management device 30 is mounted is
positioned in the Dblock section belonging to the first
management area or 1is positioned in the Dblock section
belonging to the second management area (step S201). In a
case where the wvehicle 1 1s positioned 1in the Dblock
section Dbelonging to the first management area, the
reservation request unit 32 determines to make
communication connection to the first resource management
device 4a. In this case, the reservation request unit 32
makes communication connection to the first resource
management device 4a and transmits the reservation request
(step S202). The first resource management device 4a
performs the same process as the first embodiment. In a

case where the wvehicle 1 1s positioned 1in the Dblock



section Dbelonging to the second management area, the
reservation request unit 32 determines to make
communication connection to the second resource management
device 4b. In this case, the reservation request unit 32
makes communication connection to the second resource
management device 4b and transmits the reservation request
(step S203).

[0063]

In a case where the second resource management
device 4b receives the reservation request, the
reservation management unit 41 of the second resource
management device 4b reads the identification information
of the block sections included in the reservation request
(step S204). Based on the identification information of
the block sections read from the reservation request, the
reservation management unit 41 reads the reservation
states of the Dblock sections from the block section
reservation management table 401 and determines whether or
not reservation is not present (step S205). In a case
where the reservation states of the Dblock sections
included in the reservation request indicate that
reservation is not present, the block section reservation
management table 401 is updated such that the reservation
holder identification information corresponding to the

identification information of the block sections 1is set



with the identification information of the wvehicle
transmitting the reservation request (step S5206). The
second resource management device 4b does not store the
connection boundary reservation management table 402. The
second resource management device 4b does not use
information of the connection boundaries for processing.
Thus, the second resource management device 4b does not
store information of the two connection boundaries in the
block section reservation management table 401 illustrated
in Fig. 4.

[0064]

The reservation management wunit 41 transmits the
reservation completion information based on the
reservation request to the in-vehicle signal device 3 of
the wvehicle transmitting the reservation request (step
S207) . Alternatively, the reservation management unit 41
transmits information indicating non-establishment of
reservation based on the reservation request to the in-
vehicle signal device 3 of the vehicle transmitting the
reservation request (step S208). The traveling management
device 30 calculates the speed limit pattern in the same
manner as the first embodiment based on the reservation
completion information acquired from the in-vehicle signal
device 3 (step S209).

[0065]



By such a process, the second resource management
device 4b performs a reservation process for the vehicle 1
positioned in the second management area based on the
reservation request without using the information of the
connection boundaries. Accordingly, by causing the second
resource management device 4b not to perform the process
of disposing a Dblock section not reservable by the
vehicles 1 between the Dblock sections reserved by the
vehicles 1 traveling in opposition to each other, the
traveling of the vehicles can be controlled with a higher
degree of freedom in the track belonging to the second
management area.

[0066]

<Third Embodiment>

Fig. 8 is a diagram illustrating a process flow of a
vehicle control system according to a third embodiment.

In a case where the vehicle 1 malfunctions and stops
in a certain block section, various communications are
performed between the operation manager and an operator of
the vehicle 1. A technology for reducing the effort of
the operation manager and the operator by removing such a
complex work is needed. Therefore, 1in the present
embodiment, a rescue operation for the malfunctioning
vehicle 1 is performed in cooperation between the resource

management device 4 and the traveling management device 30.



Hereinafter, a process in such a case will be described.

[0067]

The resource management device 4 periodically
communicates with the traveling management device 30. 1In
a case where the reservation management unit 41 of the
resource management device 4 cannot establish
communication with the traveling management device 30 for
a predetermined period, the reservation management unit 41
specifies the vehicle 1 in which the in-vehicle signal
device 3 1is disposed (step S301). Then, the reservation
management unit 41 processes the specified vehicle 1 as a
malfunctioning vehicle la. In a case where the
reservation management unit 41 specifies the
malfunctioning vehicle la, the reservation management unit
41 specifies the block sections for which the reservation
holder identification information is recorded as the
identification information of the malfunctioning vehicle
la in the block section reservation management table 401.
The reservation management unit 41 changes the reservation
states of all of the specified block sections to a train
malfunction (step S302).

[0068]

The reservation management unit 41 of the resource
management device 4 periodically receives ©positional

information from the traveling management device 30 and



determines the block section in which the wvehicle 1 1is
positioned based on the positional information. After
this determination, the reservation management unit 41
changes the line presence state of the block section in
which the vehicle 1 is positioned to "presence".

[0069]

The reservation management unit 41 specifies
identification information of all connection boundaries
disposed in the block sections of which the reservation
states are changed to the train malfunction. The
reservation management unit 41 updates information of the
reservation states recorded in the connection boundary
reservation management table 402 from "presence (Y)" to
"non-presence (N) " in correspondence with the
identification information of the connection boundaries
(step S303). Accordingly, a block section that cannot be
reserved 1is not disposed Dbetween the malfunctioning
vehicle la and another vehicle such as a rescue vehicle 1b.
Thus, control for enabling the rescue vehicle 1b or the
like to approach to the malfunctioning vehicle la can be
performed. The control unit 45 of the resource management
device 4 may transmit a malfunctioning vehicle occurrence
signal for notification of the occurrence of the
malfunctioning vehicle 1la to the operation management

device 2. The malfunctioning vehicle occurrence signal



may include the identification information of the
malfunctioning wvehicle 1la, the identification information
of the block sections reserved by the vehicle, and the
like.

[0070]

In a case where the operation management device 2
receives the malfunctioning vehicle occurrence signal, the
operation management device 2 outputs alert information to
a monitor or the like. Accordingly, the operation manager
or the 1like requests the rescue vehicle 1lb to perform a
rescue. The operation management device 2 transfers the
malfunctioning vehicle occurrence signal to the rescue
vehicle 1b. Accordingly, the rescue vehicle 1b 1is
notified of the identification information of the
malfunctioning wvehicle 1la and information of the block
sections reserved by the malfunctioning vehicle 1la. By
using the information of the block sections, the operator
of the rescue vehicle 1lb can detect the block section in
which the malfunctioning wvehicle la may be positioned.
The operator of the rescue vehicle 1b moves to the
vicinity of the block sections reserved by the
malfunctioning vehicle 1la. At this point, the traveling
management device 30 included in the malfunctioning
vehicle la makes the reservation request through the same

process as the first embodiment. Consequently, the



resource management device 4 performs reservation through
the same process. The traveling management device 30 of
the rescue vehicle 1lb performs operation control to the
vicinity of the malfunctioning vehicle 1la based on a
response from the resource management device 4. The
operator may manually designate the traveling block
sections and the speed of the rescue vehicle 1b. Since
the connection boundaries are not reserved, the rescue
vehicle 1lb can reserve and travel up to the block section
adjacent to the block sections reserved by the
malfunctioning vehicle 1la.

[0071]

The rescue vehicle 1b can travel through the block
sections of which the reservation states are updated to
the train malfunction by the reservation request of the
malfunctioning vehicle la. The control unit 35 of the
traveling management device 30 included 1in the rescue
vehicle 1b determines whether or not the wvehicle that
includes the host device is the rescue vehicle 1b based on
the identification information of the wvehicle stored in
the host device. The control unit 35 determines whether
or not the Dblock section in which the host wvehicle 1is
currently positioned is the block section adjacent to the
block sections reserved by the malfunctioning vehicle 1la

based on positional information that is obtained from the



function of a GPS or the like mounted in the host vehicle.
In a case where the control unit 35 determines that the
host vehicle is the rescue vehicle 1lb and is positioned in
the block section adjacent to the block sections reserved
by the malfunctioning wvehicle 1la, the control wunit 35
transitions to a rescue mode. The rescue mode is a
traveling mode in which traveling and reverse traveling
are enabled 1in only the Dblock sections of which the
reservation states are set as the train malfunction and
the block section that is adjacent to the block sections
of the train malfunction and in which the rescue vehicle
lb is positioned.

[0072]

The operator of the rescue vehicle 1b manually
operates the rescue vehicle 1b that transitions to the
rescue mode. Specifically, the operator sets the route
direction and the speed by operating an operation unit and
operates the rescue vehicle 1b. The upper limit of the
speed of the vehicle in the rescue mode may be controlled
by the traveling control unit 320. The operator causes
the rescue vehicle 1lb to approach to the malfunctioning
vehicle la and connects the malfunctioning vehicle la to
the rescue vehicle 1b. A communication cable is disposed
in each of the malfunctioning vehicle la and the rescue

vehicle 1b. By connecting the vehicles to each other,



communication connection between the traveling management
device 30 of the malfunctioning wvehicle 1la and the
traveling management device 30 of the rescue vehicle 1lb is
made. The communication connection between the
malfunctioning vehicle la and the rescue vehicle 1b may be
made by wireless communication.

[0073]

The operator of each of the malfunctioning wvehicle
la and the rescue vehicle 1b restarts the in-vehicle
signal device 3 and the traveling management device 30 of
the host vehicle. At the +time of the restart, the
malfunctioning vehicle la and the rescue vehicle 1lb enter
a state where communication with the operation management
device 2 and the resource management device 4 is
temporarily wunavailable. At this point, the resource
management device 4 deletes information of the rescue
vehicle 1b and the malfunctioning wvehicle 1la from the
block section reservation management table 401 and the
connection boundary reservation management table 402. The
traveling management device 30 of the malfunctioning
vehicle la and the traveling management device 30 of the
rescue vehicle 1lb start communicating with each other
after the restart. Each traveling management device 30
recognizes that one vehicle 1is formed by connecting the

vehicles. For example, the traveling management device 30



of the rescue vehicle 1lb is set as the traveling
management device 30 that operates as a main device
(master) .

[0074]

Fig. 9 is a diagram illustrating a vehicle
management table.

The resource management device 4 stores the wvehicle
management table illustrated in Fig. 9 in the storage unit
47. In the vehicle management table, the identification
information of the +vehicle, a communication state, a
connection state, and a state confirmation flag are
recorded 1in association. The communication state 1is
information indicating whether or not the resource
management device 4 can communicate with the vehicle. 1In
a case where communication is available, the communication
state 1is changed to a flag indicating normality. In a
case where communication is unavailable, the communication
state is changed to a flag indicating abnormality. The
connection state 1s information indicating a connection
state with another wvehicle. 1In a case where connection is
made to another vehicle, the identification information of
the vehicle as a connection destination is stored in the
connection state. The state confirmation flag is a flag
indicating whether or not each information indicating the

state of the associated vehicle is confirmed.



[0075]

In the traveling management device 30 of the rescue
vehicle 1b, the control unit 35 determines that the
connection is completed (step S304). Then, the control
unit 35 of the traveling management device 30 transmits a
connection completion signal including the identification
information of the host vehicle, the identification
information of the malfunctioning wvehicle la, the current
position, and the like to the resource management device 4
(step S305). In a case where the reservation management
unit 41 of the resource management device 4 receives the
connection completion signal, the reservation management
unit 41 writes a flag indicating connection and the
identification information of the connected rescue vehicle
b in the field of the connection state in association
with the identification information of the malfunctioning
vehicle la in the vehicle management table (step S306).
Accordingly, the resource management device 4 stores the
connection between the malfunctioning vehicle 1la and the
rescue vehicle 1lb. The reservation management unit 41 of
the resource management device 4 manages the
malfunctioning vehicle 1la as one vehicle showing the
identification information of the rescue vehicle 1lb. 1In a
stage where the connection completion signal is received,

the reservation management unit 41 of the resource



management device 4 updates the state confirmation flag
recorded in the vehicle management table in association
with the identification information of the malfunctioning
vehicle 1la and the identification information of the
rescue vehicle 1b to a flag indicating non-confirmation.

[0076]

The reservation management unit 41 of the resource
management device 4 may specify the block sections based
on positional information included in the connection
completion signal. At this point, the reservation
management unit 41 of the resource management device 4 may
rewrite the reservation holder identification information
recorded in the block section reservation management table
401 in association with the identification information of
the block sections to the identification information of
the vehicles indicating the malfunctioning wvehicle la and
the rescue vehicle 1b. Accordingly, the block sections in
which the malfunctioning vehicle la and the rescue vehicle
1lb are present can be recorded.

[0077]

The reservation management unit 41 specifies the
address of the traveling management device 30 of the
malfunctioning vehicle la using the identification
information of the malfunctioning vehicle 1la. The

reservation management unit 41 transmits a list of current



information recorded in the vehicle management table with
respect to the rescue vehicle 1lb and the malfunctioning
vehicle 1la to the address (step S307). The traveling
management device 30 of the malfunctioning vehicle 1la
displays the list on a monitor or the like. The operator
of the malfunctioning wvehicle 1la checks the 1list and
inputs a check OK operation into the traveling management
device 30. In the traveling management device 30 of the
malfunctioning vehicle la, the control unit 35 transmits a
signal indicating check OK to the resource management
device 4 (step S308). The reservation management unit 41
of the resource management device 4 rewrites the state
confirmation flag recorded in the vehicle management table
in association with the identification information of the
malfunctioning wvehicle la and the rescue vehicle 1b from
non-confirmation to confirmation. In addition, the
reservation management unit 41 wupdates the reservation
holder identification information to the identification
information of the rescue wvehicle 1b for all Dblock
sections in which the identification information of the
malfunctioning vehicle la is set as the reservation holder
identification information (step S309). Accordingly, the
rescue vehicle 1lb can reserve the block sections that are
reserved by the malfunctioning wvehicle la ahead of the

accident.



[0078]

The operator or the operation manager of the
malfunctioning vehicle 1la and the rescue vehicle 1b
decides a temporary speed limit of the connected wvehicle
and block sections to be traveled at the speed. This
decision may be automatically made by the traveling
management device 30 or the resource management device 4.
For example, the traveling management device 30 or the
resource management device 4 decides a predetermined
temporary speed limit. In a case where the resource
management device 4 decides the temporary speed limit, the
control wunit 45 of the resource management device 4
transmits information of the temporary speed limit to the
traveling management device 30 (step S310). In addition,
the traveling management device 30 or the resource
management device 4 decides the block sections reserved by
the malfunctioning wvehicle 1la, one or a plurality of
consecutive block sections that are connected to the block
sections and are traveled by the rescue vehicle 1b for the
rescue, and the like as the block sections that can be
traveled at the temporary speed limit. The resource
management device 4 transmits information of the block
sections to be traveled at the temporary speed limit to
the traveling management device 30 (step S311). In the

traveling management device 30, the information of the



temporary speed limit and the block sections is registered,
and the traveling control unit 320 uses the information in
traveling control.

[0079]

The reservation management unit 41 of the resource
management device 4 changes the reservation states of the
block sections to be traveled by the connected vehicle of
the malfunctioning vehicle la and the rescue vehicle 1lb at
the temporary speed 1limit to "undefined". Then, the
operator of the rescue vehicle 1b causes the rescue
vehicle 1b to which the malfunctioning vehicle 1la 1is
connected to travel in an in-yard traveling mode based on
the temporary speed limit. For example, the in-yard
traveling mode is a mode in which traveling is performed
at a speed of 4 km/h. In the case of exiting from the
block section in which traveling 1is performed at the
temporary speed limit, the resource management device 4
and the traveling management device 30 change to an
automatic operation mode in cooperation and reserve the
block sections through the same process as the first
embodiment. The operator of the rescue vehicle 1lb inputs
a setting and the 1like of the block sections for
evacuating the malfunctioning wvehicle 1la to the wvehicle
yvard into the traveling management device 30. Accordingly,

the malfunctioning vehicle 1la can be evacuated to the



vehicle yard.

[0080]

According to the process thus far, the rescue of the
malfunctioning vehicle la using the rescue vehicle 1b and
evacuation to a predetermined position can be easily
performed using the reservation management table and the
vehicle management table. Any one or a plurality of
processes performed by each device according to the third
embodiment may be manually performed by the operator or
the operation manager.

[0081]

The in-vehicle signal device 3, the traveling
management device 30, and the resource management device 4
include a computer system. Each process described above
is stored in a computer-readable recording medium in a
program format. The processes are performed by causing a
computer to read and execute the program. The computer-—
readable recording medium refers to a magnetic disk, a
magneto-optical disc, a CD-ROM, a DVD-ROM, a semiconductor
memory, or the 1like. The computer program may be
delivered to the computer through a communication line,
and the computer receiving the delivery may execute the
program.

[0082]

The program may be a program that implements a part



of the above functions. The program may be a so-called
difference file (difference program) that can implement
the above functions in combination with a program already
recorded in the computer system.

Industrial Applicability

[0083]

The present invention relates to a vehicle control
system, a resource management apparatus, a vehicle control
method, and a program.

Reference Signs List

[0084]

1 VEHICLE

2 OPERATION MANAGEMENT DEVICE

3 IN-VEHICLE SIGNAL DEVICE

4 RESOURCE MANAGEMENT DEVICE

30 TRAVELING MANAGEMENT DEVICE



CLAIMS

[Claim 1]

A vehicle control system comprising:

a traveling management device including a reservation
request unit that transmits a reservation request for a block
section of a reservation target to a resource management
device among a plurality of block sections included in a track
traveled by a vehicle based on track information indicating
the plurality of block sections constituting the track of the
vehicle and a connection relationship between the block
sections; and

the resource management device including a reservation
management unit that records each of all of the block section
of the reservation target indicated by the reservation request
and a connection boundary between the block section and
another block section on an advancing direction side of the
vehicle transmitting the reservation request in a first
reservation management table as a reserved target of the
vehicle transmitting the reservation request in a case where
it is recorded in the first reservation management table that
the block section of the reservation target indicated by the
reservation request is not reserved by a vehicle other than
the vehicle transmitting the reservation request at a time of
reception of the reservation request.

[Claim 2]

The vehicle control system according to Claim 1,

wherein in a case where the connection boundary is
recorded in the first reservation management table as the
reserved target, the reservation management unit of the
resource management device rejects the reservation request for
a block section having the connection boundary.

[Claim 3]

The vehicle control system according to Claim 1 or 2,
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wherein in a case where a connection boundary that is
positioned in an advancing direction of the vehicle between
connection boundaries at both ends of the block section of the
reservation request from the vehicle is recorded in the first
reservation management table as the reserved target, the
reservation management unit of the resource management device
rejects the reservation request for a block section having the
connection boundary.
[Claim 4]

The vehicle control system according to any one of Claims
1 to 3,

wherein the resource management device includes

a first resource management device that performs
reservation management of the block section using the first
reservation management table, and
a second resource management device that records the

block section of the reservation target indicated by the
reservation request in a second reservation management table
as the reserved target of the vehicle transmitting the
reservation request without recording the connection boundary
disposed in the block section of the reservation target
indicated by the reservation request as the reserved target
and performs reservation management of the block section using
the second reservation management table in a case where the
block section of the reservation target indicated by the
reservation request is not reserved by the vehicle other than
the vehicle transmitting the reservation request at the time
of reception of the reservation request, and

the reservation request unit of the traveling management
device transmits the reservation request to any of the first
resource management device or the second resource management
device disposed in correspondence with a position of the
vehicle traveling on the track.

[Claim 5]
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The vehicle control system according to Claim 4,

wherein the first resource management device performs a
process based on a reservation request for each block section
installed in a first management area, and

the second resource management device performs a process
based on a reservation request for each block section
installed in a second management area.
[Claim 6]

The vehicle control system according to any one of Claims
1 to 5,

wherein the first reservation management table stores
identification information of the block section in association
with a reservation state of the block section,

the resource management device includes a malfunction
detection unit that detects a malfunction of the vehicle, and

in a case where the malfunction of the vehicle is
detected, the reservation management unit of the resource
management device updates the reservation state of the block
section reserved by the vehicle to a train malfunction and
deletes a recording of the first reservation management table
for the connection boundary as the reserved target.
[Claim 7]

The vehicle control system according to Claim 6,

wherein the resource management device records a block
section reserved by the vehicle having the detected
malfunction in the first reservation management table as a
block section of a reserved target reserved by a rescue
vehicle connected to a malfunctioning vehicle.
[Claim 8]

A resource management device included in a vehicle
control system, comprising:

a reservation management unit that makes communication
connection to a traveling management device including a

reservation request unit that transmits a reservation request
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for a block section of a reservation target to a resource
management device among a plurality of block sections included
in a track traveled by a vehicle based on track information
indicating the plurality of block sections constituting the
track of the vehicle and a connection relationship between the
block sections, and

records each of all of the block section of the
reservation target indicated by the reservation request and a
connection boundary between the block section and another
block section on an advancing direction side of the vehicle
transmitting the reservation request in a first reservation
management table as a reserved target of the vehicle
transmitting the reservation request in a case where it is
recorded in the first reservation management table that the
block section of the reservation target indicated by the
reservation request is not reserved by a vehicle other than
the vehicle transmitting the reservation request at a time of
reception of the reservation request.
[Claim 9]

The resource management device according to Claim 8§,

wherein in a case where a connection boundary that is
positioned in an advancing direction of the vehicle between
connection boundaries at both ends of the block section of the
reservation request from the vehicle is recorded in the first
reservation management table as the reserved target, the
reservation management unit rejects the reservation request
for a block section having the connection boundary.
[Claim 10]

The resource management device according to Claim 9,
wherein the first reservation management table stores
identification information of the block section in association

with a reservation state of the block section,
the resource management device includes a malfunction

detection unit that detects a malfunction of the vehicle, and
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in a case where the malfunction of the vehicle is
detected, the reservation management unit of the resource
management device updates the reservation state of the block
section reserved by the vehicle to a train malfunction and
deletes a recording of the first reservation management table
for the connection boundary as the reserved target.
[Claim 11]

The resource management device according to Claim 10,

wherein the reservation management unit records a block
section reserved by the vehicle having the detected
malfunction in the first reservation management table as a
block section of a reserved target reserved by a rescue
vehicle connected to a malfunctioning wvehicle.
[Claim 12]

A vehicle control method comprising:

making communication connection to a traveling management
device including a reservation request unit that transmits a
reservation request for a block section of a reservation
target to a resource management device among a plurality of
block sections included in a track traveled by a vehicle based
on track information indicating the plurality of block
sections constituting the track of the vehicle and a
connection relationship between the block sections; and

recording each of all of the block section of the
reservation target indicated by the reservation request and a
connection boundary between the block section and another
block section on an advancing direction side of the wvehicle
transmitting the reservation request in a first reservation
management table as a reserved target of the vehicle
transmitting the reservation request in a case where it is
recorded in the first reservation management table that the
block section of the reservation target indicated by the

reservation request is not reserved by a vehicle other than
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the vehicle transmitting the reservation request at a time of
reception of the reservation request.
[Claim 13]

The vehicle control method according to Claim 12,

wherein in a case where a connection boundary that is
positioned in an advancing direction of the vehicle between
connection boundaries at both ends of the block section of the
reservation request from the vehicle is recorded in the first
reservation management table as the reserved target, the
reservation request for a block section having the connection
boundary is rejected.
[Claim 14]

The vehicle control method according to Claim 13,

wherein the first reservation management table stores
identification information of the block section in association
with a reservation state of the block section,

a malfunction of the vehicle is detected, and

in a case where the malfunction of the vehicle is
detected, the resource management device updates the
reservation state of the block section reserved by the vehicle
to a train malfunction and deletes a recording of the first
reservation management table for the connection boundary as
the reserved target.
[Claim 15]

The vehicle control method according to Claim 14,

wherein a block section reserved by the vehicle having
the detected malfunction is recorded in the first reservation
management table as a block section of a reserved target
reserved by a rescue vehicle connected to a malfunctioning
vehicle.
[Claim 16]

A vehicle control method comprising:

causing a traveling management device to transmit a

reservation request for a block section of a reservation
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target to a resource management device among a plurality of
block sections included in a track traveled by a vehicle based
on track information indicating the plurality of block
sections constituting the track of the vehicle and a
connection relationship between the block sections; and

causing the resource management device to record each of
all of the block section of the reservation target indicated
by the reservation request and a connection boundary between
the block section and another block section on an advancing
direction side of the vehicle transmitting the reservation
request in a first reservation management table as a reserved
target of the vehicle transmitting the reservation request in
a case where it is recorded in the first reservation
management table that the block section of the reservation
target indicated by the reservation request is not reserved by
a vehicle other than the vehicle transmitting the reservation
request at a time of reception of the reservation request.
[Claim 17]

A program causing a computer of a resource management
device included in a vehicle control system to function as:

means for making communication connection to a traveling
management device including a reservation request unit that
transmits a reservation request for a block section of a
reservation target to a resource management device among a
plurality of block sections included in a track traveled by a
vehicle based on track information indicating the plurality of
block sections constituting the track of the vehicle and a
connection relationship between the block sections; and

means for recording each of all of the block section of
the reservation target indicated by the reservation request
and a connection boundary between the block section and
another block section on an advancing direction side of the
vehicle transmitting the reservation request in a first

reservation management table as a reserved target of the
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vehicle transmitting the reservation request in a case where
it is recorded in the first reservation management table that
the block section of the reservation target indicated by the
reservation request is not reserved by a vehicle other than
the vehicle transmitting the reservation request at a time of
reception of the reservation request.
[Claim 18]

The program according to Claim 17, further causing the
computer to function as:

means for rejecting the reservation request for a block
section having the connection boundary in a case where a
connection boundary that is positioned in an advancing
direction of the vehicle between connection boundaries at both
ends of the block section of the reservation request from the
vehicle is recorded in the first reservation management table
as the reserved target.
[Claim 19]

The program according to Claim 18, further causing the
computer to function as:

means for detecting a malfunction of the vehicle; and

means for updating the reservation state of the block
section reserved by the vehicle to a train malfunction and
deleting a recording of the first reservation management table
for the connection boundary as the reserved target in a case
where the malfunction of the vehicle is detected.
[Claim 20]

The program according to Claim 19, further causing the
computer to function as:

means for recording a block section reserved by the
vehicle having the detected malfunction as a block section of
a reserved target reserved by a rescue vehicle connected to a

malfunctioning vehicle.
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