DESCRIPTION

DETECTION-REGION DATABASE CREATING DEVICE

FIELD
[0001] Embodiments of the present invention relate to a

detection-region database creating device.

BACKGROUND

[0002] To ensure the safety of a railway vehicle during
the operation, it is necessary to check whether an object
that interrupts the travel of the railway vehicle exists in
the route of the railway vehicle. Hereinafter, the object
is referred to as an obstacle. In view of this, equipment
to prevent the occurrence of the obstacle or detecting
equipment to detect the obstacle has been introduced in a
section where the obstacle easily occurs in the route of
the railway vehicle due to falling of a passenger or
baggage from a platform, or getting stuck of an automobile
or a bicycle in a railroad crossing.

[0003] However, in a method in which the detecting
equipment is introduced in the section where the obstacle
easily occurs in the route of the railway vehicle, 1t 1is
difficult to detect the obstacle in the entire route of the
railway vehicle. In view of this, an obstacle detecting
technique for detecting the obstacle by using a captured
image resulting from the image capture of an area ahead of
the railway vehicle by an image capturing device mounted in

the railway vehicle has been developed.
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0005] Incidentally, in the obstacle detecting
technique, the obstacle is detected from a predetermined
detection region in the captured image and it has been
necessary to detect with high accuracy the obstacle
existing in the route of the railway vehicle by extending
the detection region in accordance with the travel position
of the railway vehicle. 1In this case, it is desirable to
create in advance a detection-region database that
associates the travel position, among the travel positions
of the railway vehicle, at which the detection region is
extended with detection-region information representing the
shape of the detection area at that travel position. As
the method for creating the detection-region database, a
method in which the database is created using, for example,
an aerial photograph that is obtained by photographing the
travel position of the railway vehicle from above, has been
developed. In this method, however, it is difficult to
know an end of the platform, the width and height of the
platform, and the like exactly in the aerial photograph or
the like. Therefore, it is difficult to create the
detection-region database that enables the accurate
detection of the obstacle existing in the route of the

railway vehicle.

Means for Solving Problem

[0006] A detection-region database creating device
according to an embodiment includes an acquiring module,
and a creating module. The acquiring module acquires, from

a railway vehicle, a captured image obtained by capturing



an image in a traveling direction of the railway vehicle by
an image capturing device in the railway vehicle, and a
travel position of the railway vehicle when the captured
image is obtained. The creating module creates, on the
basis of the captured image and the travel position, a
detection-region database that associates a target position
with detection-region information representing a three-
dimensional shape of the extended region, the target
position being a position corresponding to the travel
position at which a detection region where an obstacle that
interrupts travel of the railway vehicle in the captured
image is detected is extended to an extended region outside
a rolling stock gauge or a construction gauge of the

railway vehicle.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a diagram illustrating one example of a
structure of a safety travelling support system according
to the present embodiment.

FIG. 2 is a diagram illustrating one example of a
function structure of an obstacle detection device and a
controller of a detection-region database creating device
for a railway vehicle according to the present embodiment.

FIG. 3 is a diagram for describing one example of a
process for creating a detection-region database by the
detection-region database creating device according to the
present embodiment.

FIG. 4 is a diagram for describing one example of the
process for creating the detection-region database by the
detection-region database creating device according to the
present embodiment.

FIG. 5 is a diagram for describing one example of the

process for creating the detection-region database by the



detection-region database creating device according to the
present embodiment.

FIG. 6 1s a diagram for describing one example of the
process for creating the detection-region database by the
detection-region database creating device according to the
present embodiment.

FIG. 7 is a diagram for describing one example of the
process for creating the detection-region database by the
detection-region database creating device according to the
present embodiment.

FIG. 8 is a diagram for describing one example of the
process for creating the detection-region database by the
detection-region database creating device according to the
present embodiment.

FIG. 9 is a diagram for describing one example of the
process for creating the detection-region database by the
detection-region database creating device according to the
present embodiment.

FIG. 10 is a diagram illustrating one example of a
database creation screen that is displayed on the
detection-region database creating device according to the

present embodiment.

DETAILED DESCRIPTION

[0008] A safety travelling support system for railway
system including a detection-region database creating
device according to the present embodiment is described
with reference to the drawings.

[0009] FIG. 1 is a diagram illustrating one example of a
structure of the safety travelling support system according
to the present embodiment. The safety travelling support
system according to the present embodiment includes a

railway vehicle RV and a detection-region database creating



device D as illustrated in FIG. 1. The railway vehicle RV
and the detection-region database creating device D can
communicate various pieces of information with each other
through wireless communication or the like.

[0010] As illustrated in FIG. 1, the railway vehicle RV
according to the present embodiment includes a sensor 101,
an obstacle detection device 102, a recording device 103, a
display 104, and a position measuring device 105.

[0011] The sensor 101 is one example of an image
capturing device that is provided so as to be able to
capture an image in a traveling direction of the railway
vehicle RV. The obstacle detection device 102 is an
obstacle detection device configured to detect an object
that interrupts the travel of the railway vehicle RV.
Hereinafter, the object described above is referred to as
an obstacle. The recording device 103 is a storage that
stores therein the result of detecting the obstacle by the
obstacle detection device 102.

[0012] The display 104 displays various pieces of
information including the captured image resulting from the
image capture in the traveling direction of the railway
vehicle RV by the sensor 101 and the result of detecting
the obstacle by the obstacle detection device 102. The
position measuring device 105 measures the travel position
of the railway vehicle RV. In the present embodiment, the
position measuring device 105 measures the travel position
of the railway vehicle RV using a rate generator (TG), a
global navigation satellite system (GNSS), an acceleration
sensor, a gyro sensor, or the like.

[0013] The detection-region database creating device D
according to the present embodiment is a personal computer
or the like. Specifically, the detection-region database

creating device D includes a controller 201, a recording



device 202, and a display 203 as illustrated in FIG. 1.
[0014] The controller 201 controls the entire detection-
region database creating device D. In the present
embodiment, the controller 201 creates a database that
associates a target position with the detection-region
information. Hereinafter, the database described above is
referred to as a detection-region database. Here, the
target position corresponds to the travel position of the
railway vehicle RV at which a region where the obstacle is
detected in the captured image is extended to an extended
region outside the rolling stock gauge or the construction
gauge of the railway vehicle RV. Hereinafter, the region
described is referred to as a detection region. The
detection-region information corresponds to the information
representing the three-dimensional shape of the extended
region at the target position.

[0015] The recording device 202 stores therein various
pieces of information including the captured image obtained
by the image capture of the sensor 101 mounted on the
railway vehicle RV. The display 203 is a liquid crystal
display (LCD) or the like, and displays a screen used to
create the detection-region database. Hereinafter, the
screen described above is referred to as a database
creation screen.

[0016] FIG. 2 is a diagram illustrating one example of a
function structure of the obstacle detection device and the
controller of the detection-region database creating device
for the railway vehicle according to the present
embodiment. The obstacle detection device 102 in the
railway vehicle RV includes an image acquiring module 301,
a rail recognizing module 302, a detection-region
recognizing module 303, an obstacle candidate recognizing

module 304, an obstacle determination module 305, and a



result outputting module 306 as illustrated in FIG. 2.
[0017] In the present embodiment, the image acquiring
module 301, the rail recognizing module 302, the detection-
region recognizing module 303, the obstacle candidate
recognizing module 304, the obstacle determination module
305, and the result outputting module 306 are partially or
entirely implemented by having a processor such as a
central processing unit (CPU) in the railway vehicle RV
execute software stored in the recording device 103, for
example.

[0018] The image acquiring module 301, the rail
recognizing module 302, the detection-region recognizing
module 303, the obstacle candidate recognizing module 304,
the obstacle determination module 305, and the result
outputting module 306 may be partially or entirely
implemented by hardware corresponding to a circuit board
such as Large Scale Integration (LSI), Application Specific
Integrated Circuit (ASIC), or Field Programmable Integrated
Circuit (FPGA). Alternatively, the image acquiring module
301, the rail recognizing module 302, the detection-region
recognizing module 303, the obstacle candidate recognizing
module 304, the obstacle determination module 305, and the
result outputting module 306 may be implemented by
cooperation of hardware and software executed by the
processor.

[0019] A storage 307 includes a nonvolatile storage
medium such as a read only memory (ROM), a flash memory, a
hard disk drive (HDD), or an SD card, and a volatile
storage medium such as a random access memory (RAM) or a
register. The storage 307 stores therein various pieces of
information including the detection-region database.

[0020] The image acquiring module 301 acguires the

captured image resulting from the image capture in the



traveling direction of the railway vehicle RV by the sensor
101. The rail recognizing module 302 detects the rail
where the railway vehicle RV travels from the captured
image.

[0021] The detection-region recognizing module 303 sets
a three-dimensional detection region for the captured image
on the basis of the rail detected by the rail recognizing
module 302. Here, the detection region corresponds to a
three-dimensional region including a defined region that is
defined by the rolling stock gauge or the construction
gauge of the railway vehicle RV in the captured image.
[0022] When the railway vehicle RV travels at the target
position, the detection-region recognizing module 303
extends the detection region to the extended region.
Specifically, the detection-region recognizing module 303
receives in advance the detection-region database from the
detection-region database creating device D. The
detection-region database is a database that associates the
target position (for example, kilometrage, or latitude and
altitude) with the detection-region information
representing the three-dimensional shape of the extended
region.

[0023] In the present embodiment, the detection-region
database associates the position of a railroad switch
existing in the route of the railway vehicle RV with the
route information representing the route of the railway
vehicle RV after the railroad switch. Hereinafter, the
position described above is referred to as a switching
position, for example kilometrage, or latitude and
altitude. Furthermore, in the present embodiment, the
detection-region database includes the position of a tunnel
existing in the route of the railway vehicle RV.

Hereinafter, the position described above is referred to as



a tunnel position, for example kilometrage, or latitude and
altitude.

[0024] Next, the detection-region recognizing module 303
specifies the detection-region information associated with
the target position that coincides with the travel position
of the railway vehicle RV measured by the position
measuring device 105 in the detection-region database.
Then, on the basis of the specified detection-region
information, the detection-region recognizing module 303
extends the detection region so that the detection region
can include the extended region at the target position.
[0025] Thus, for example, setting, as the target
position, a railroad crossing where a pedestrian, a
bicycle, an automobile, or the like crossing the rail may
become an obstacle that interrupts the travel of the
railway vehicle RV, or a platform from which a passenger or
baggage can fall on the rail and may become an obstacle
that interrupts the travel of the railway vehicle RV, also
makes it possible to detect the object that is highly
likely to become the obstacle in the travel of the railway
vehicle RV around the rolling stock gauge or the
construction gauge as the obstacle. As a result, it
becomes possible to grasp the circumstances around the
railway vehicle RV, and thus to reduce the risk that the
object enters the rolling stock gauge or the construction
gauge after the railway vehicle RV gets close to the
railroad crossing or the platform and is brought into
contact with the railway vehicle RV.

[00206] In addition, when the travel position measured by
the position measuring device 105 coincides with the
switching position associated with the route information in
the detection-region database, the detection-region

recognizing module 303 sets the detection region for only
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the route represented by the route information among a
plurality of routes after the railroad switch. Thus, it is
possible to prevent the object that exists in the route
where the railway vehicle RV does not advance from being
detected as the obstacle.

[0027] Furthermore, when the travel position measured by
the position measuring device 105 coincides with the tunnel
position included in the detection-region database (for
example, the entrance and the exit of the tunnel), the
detection-region recognizing module 303 changes the method
of measuring the travel position by the position measuring
device 105 or the image capture condition of the sensor
101.

[0028] Specifically, when the travel position measured
by the position measuring device 105 coincides with the
entrance of the tunnel included in the detection-region
database, the detection-region recognizing module 303
changes the method of measuring the travel position by the
position measuring device 105 from the measuring method
using GNSS to a measuring method using TG, an acceleration
sensor, or a gyro sensor. In addition, when the travel
position measured by the position measuring device 105
coincides with the entrance of the tunnel included in the
detection-region database, the detection-region recognizing
module 303 increases the sensitivity of the sensor 101.
[0029] On the other hand, when the travel position
measured by the position measuring device 105 coincides
with the exit of the tunnel included in the detection-
region database, the detection-region recognizing module
303 returns the method of measuring the travel position by
the position measuring device 105 to the measuring method
using GNSS. In addition, when the travel position measured

by the position measuring device 105 coincides with the
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exit of the tunnel in the detection-region database, the
detection-region recognizing module 303 decreases the
sensitivity of the sensor 101.

[0030] The obstacle candidate recognizing module 304
extracts objects included in the detection region as
candidates for the obstacle (obstacle candidates) on the
basis of the captured image having the detection region
defined therein. The obstacle determination module 305
detects the obstacle from among the obstacle candidates
extracted by the obstacle candidate recognizing module 304
on the basis of at least one of the size of the obstacle
candidates and motion vectors of the obstacle candidates.
Thus, the object that is more likely to become the obstacle
among the objects existing in the detection region can be
detected as the obstacle; therefore, the obstacle can be
detected with higher accuracy.

[0031] The result outputting module 306 outputs the
result of detecting the obstacle by the obstacle
determination module 305. Moreover, the result outputting
module 306 adds the travel position of the railway vehicle
RV, the travel position being measured by the position
measuring device 105 when the captured image is obtained by
the sensor 101, to the obtained captured image and
transmits the obtained data to the detection-region
database creating device D.

[0032] Next, the function structure of the detection-
region database creating device D is described. As
illustrated in FIG. 2, the detection-region database
creating device D includes an acquiring module 310, a
creating module 311, an outputting module 312, and a
storage 313.

[0033] In the present embodiment, the acquiring module

310, the creating module 311, and the outputting module 312
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are partially or entirely implemented by having the
processor such as a CPU in the detection-region database
creating device D execute software stored in the recording
device 202.

[0034] The acquiring module 310, the creating module
311, and the outputting module 312 may be partially or
entirely implemented by hardware, which is a circuit board
such as LSI, ASIC, or FPGA. Alternatively, the acquiring
module 310, the creating module 311, and the outputting
module 312 may be implemented by cooperation of hardware
and software executed by the processor.

[0035] The storage 313 includes a nonvolatile storage
medium such as a ROM, a flash memory, an HDD, or an SD
card, and a volatile storage medium such as a RAM or a
register. The storage 313 stores therein various pieces of
information including the detection-region database.

[0036] The acquiring module 310 acquires from the
railway vehicle RV, the captured image and the travel
position of the railway vehicle RV when the captured image
is obtained. Then, the acquiring module 310 associates the
acquired captured image with the travel position of the
railway vehicle RV when the captured image is obtained, and
stores the associated data in the recording device 202.

For example, the information may be acquired from the
railway vehicle RV offline at the railyard or the station
after a predetermined travel, or from the railway vehicle
RV in real time through a radio line during the travel.
[0037] The creating module 311 creates the detection-
region database on the basis of the captured image and the
travel position of the railway vehicle RV that are stored
in association with each other in the recording device 202.
Then, the creating module 311 stores the created detection-

region database in the storage 313.
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[0038] Thus, the detection-region database can be
created on the basis of the information about the target
position (for example, the height or width of the platform)
that cannot be seen from the image obtained by capturing
the travel section of the railway vehicle RV from above
(for example, aerial photograph); therefore, the detection-
region database can be created that enables the obstacle

for the railway vehicle RV to be detected with high

accuracy.
[0039] Here, one example of the detection-region
database is described. FIG. 3 is a diagram for describing

one example of a process for creating the detection-region
database by the detection-region database creating device
according to the present embodiment. In the present
embodiment, the detection-region database associates the
target position (for example, kilometrage) with the
detection-region information as illustrated in Table 1
below.

[0040] As illustrated in Table 1, the detection-region
information includes a type number, an effective range NI,
an internal distance N2, a width N3, a lower distance N4,
and a height Nb5. In addition, the detection-region
information may include positional information of the
extended region at the target position. For example, the
detection-region information may include the positional
information representing whether the extended region exists
on the right side or the left side in a width direction X
(see FIG. 3) of the railway vehicle RV on the basis of a
rail R where the railway vehicle RV travels. In the
present embodiment, the detection-region database may
include transmission positional information by associating
this transmission positional information with the target

position. The transmission positional information can
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specify the transmission position from which the detection-

region database is transmitted to the railway vehicle RV.

Table 1
Effec-

T I 1 L

arget Type tive nternal | s gen | PO | geight
position distance distance

number range (m) (m)
(km) (m) (m)
(m)
100.000 1 100 1.5 2.0 1.5 2.0
[0041] The type number is the number that represents the

type of the target position, for example a left platform in
the traveling direction of the railway vehicle RV (opposing
platform), a right platform in the traveling direction of
the railway vehicle RV (island platform), a left crossing
gate in the traveling direction of the railway vehicle RV,
a right crossing gate in the traveling direction of the
railway vehicle RV, a sign, a traffic light, a tunnel, or a
railway bridge. 1In the present embodiment, the detection-
region database creating device D stores in the storage 313
or the like, a type database (see Table 2 below) that
associates the type number with the type of the target
position. Then, when the user of the detection-region
database creating device D creates the detection-region
database, the creating module 311 causes the display 203 to
display the type database so that the type database can be

used as a reference.

Table 2
Type number Type of target position
1 Opposing platform
2 Island platform
3 Crossing gate (left)
4 Crossing gate (right)
[0042] The effective range N1 is the depth of an

extended region E that exists outside a defined region T

(rolling stock gauge Tl or construction gauge T2) or the
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length of the extended region E to a traveling direction Z
of the railway vehicle RV as illustrated in FIG. 3. The
internal distance N2 is the distance from an intermediate
point between the rails R in the width direction X of the
railway vehicle RV to the inner end of the extended region
E as illustrated in FIG. 3. The width N3 is the width of
the extended region E in the width direction X of the
railway vehicle RV as illustrated in FIG. 3. The lower
distance N4 is the distance from the rail R to the lower
end of the extended region E in a height direction Y of the
railway vehicle RV as illustrated in FIG. 3. The height N5
is the height of the extended region E in the height
direction Y of the railway vehicle RV as illustrated in
FIG. 3.

[0043] Back to FIG. 2, in the present embodiment, the
creating module 311 causes the display 203 to display a
screen including the captured image and an entry field.
Hereinafter, the screen described above is referred to as a
database creation screen. Here, the entry field is the
field that displays the target position and the detection-
region information that are input by the user of the
detection-region database creating device D. Thus, the
user of the detection-region database creating device D can
input the target position and the detection-region
information while seeing the captured image displayed on
the display 203; therefore, the work of creating the
detection-region database can be facilitated. 1In this
case, the creating module 311 creates the detection-region
database that associates the target position with the
detection-region information that are input using the entry
field.

[0044] In the present embodiment, the creating module

311 detects an image that symbolizes the target position
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from the captured image by an image recognition process.
Hereinafter, the image described above is referred to as a
target position image. Specifically, the creating module
311 detects the fence of the platform, the crossing gate,
the dedicated sign, the traffic light, or the like as the
target position image from the captured image. In the
present embodiment, the creating module 311 detects, as the
target position image, the image that symbolizes the target
position existing a predetermined distance (for example, 30
m) ahead of the end of the railway vehicle RV to the
traveling direction Z of the railway vehicle RV.

[0045] Then, upon the detection of the target position
image, the creating module 311 causes the display 203 to
display the detection information expressing that the
target position image has been detected (for example, a
message expressing that the target position image has been
detected). Thus, when the user of the detection-region
database creating device D creates the detection-region
database while seeing the captured image displayed on the
display 203, the user can easily recognize that the target
position image is included in the captured image;
therefore, the work of creating the detection-region
database can be facilitated.

[00406] In the present embodiment, the creating module
311 causes the display 203 to display a preview image in
which a detection-region image corresponding to the image
representing the detection region is overlapped on the
captured image, on the basis of the created detection-
region database. Thus, the detection region can be seen on
the captured image and therefore, the detection-region
database can be created that enables the obstacle for the
railway vehicle RV to be detected with higher accuracy.

[0047] In addition, in the present embodiment, the
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creating module 311 causes the display 203 to display the
database creation screen including map information. Here,
the map information is a map in which the travel position
of the railway vehicle RV when the captured image is
obtained can be specified. Thus, the user of the
detection-region database creating device D can work to
create the detection-region database while seeing the
entire travel section of the railway vehicle RV by the map
information displayed on the display 203; therefore, the
work of creating the detection-region database can be
facilitated.

[0048] The outputting module 312 transmits (outputs) the
detection-region database stored in the storage 313 to the
railway vehicle RV. 1In the present embodiment, in the case
where the detection-region database includes the
transmission positional information, when the railway
vehicle RV has reached the transmission position
represented by the transmission positional information (for
example, 200 m before the target position), the outputting
module 312 transmits to the railway vehicle RV, the
detection-region database including the detection-region
information and the target position associated with the
transmission positional information.

[0049] FIG. 4 is a diagram for describing one example of
the process for creating the detection-region database by
the detection-region database creating device according to
the present embodiment. For example, as illustrated in
FIG. 4, the creating module 311 detects the fence of the
platform included in a captured image F as a target
position image S, and causes the display 203 to display the
detection information representing that the target position
image S has been detected. Then, in the case where the

detected target position image S is the image of the
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opposing platform as illustrated in FIG. 4, the creating

module 311 creates the detection-region database (see Table

3 below) that associates the target position with the

detection-region information of the extended region E on

the left side of the defined region T (rolling stock gauge

Tl or construction gauge T2) in the traveling direction Z
of the railway vehicle RV.

Table 3

Effec-

Target
position
(km)

Type
number

tive
range
(m)

Internal
distance
(m)

Width
(m)

Lower
distance
(m)

Height
(m)

100.000

100

1.5

1.5

[0050]

FIG.

5 is a diagram for describing one example of

the process for creating the detection-region database by

the detection-region database creating device according to
the

311

present embodiment. For example, the creating module

detects the fence of the platform in the captured image
F as the target position image S and causes the display 203
to display the detection information representing that the
target position image S has been detected as illustrated in
FIG. 5. Then, in the case where the detected target

position image S is the image of the island platform as
illustrated in FIG. 5, the creating module 311 creates the

detection-region database (see Table 4 below) that

associates the target position with the detection-region
information of the extended region E on the right side of
the defined region T (rolling stock gauge Tl or
construction gauge T2) in the traveling direction Z of the

railway vehicle RV.

Table 4

Target Effec— | ¢ 1 L

aygg Type tive p erna wWidth .ower Height
position distance distance

number range (m) (m)
(km) (m) (m)
(m)
200.000 2 100 -1.5 2.0 1.5 2.0



evelyn
Text Box


19

[0051] FIG. 6 is a diagram for describing one example of
the process for creating the detection-region database by
the detection-region database creating device according to
the present embodiment. For example, the creating module
311 detects the crossing gate in the captured image F as
the target position image S and causes the display 203 to
display the detection information representing that the
target position image S has been detected as illustrated in
FIG. 6. Then, as i1llustrated in FIG. 6, in the case where
the detected target position image S is the crossing gate,
the creating module 311 creates the detection-region
database (see Table 5 below) that associates the target
position with the detection-region information of the
extended region E on both sides of the defined region T

(rolling stock gauge Tl or construction gauge T2).

Table 5
Effec-
TaFg?t Type tive I@ternal Width ;ower Height
position distance distance
number range (m) (m)
(km) (m) (m)
(m)
300.000 3 10 2.0 3.0 0.0 8.0
300.000 4 10 2.0 6.0 0.0 8.0
[0052] As illustrated in FIG. 6, in the case where the

target position image S is the crossing gate and the target
position is a double track, the creating module 311
increases the width of the extended region E on the side of
the rail, which is installed in parallel to the rail where
the railway vehicle RV travels, so as to be larger than the
width of the extended region E on the side of the rail
where the railway vehicle RV travels. For example, in the
case where the vehicle keeps left, the creating module 311
increases the width of the extended region E on the right

side in the traveling direction Z of the railway vehicle RV
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to be larger than the width of the extended region E on the
left side in the traveling direction Z of the railway
vehicle RV.

[0053] FIG. 7 is a diagram for describing one example of
the process for creating the detection-region database by
the detection-region database creating device according to
the present embodiment. For example, as illustrated in
FIG. 7, the creating module 311 detects a railroad switch
BG included in the captured image F. Upon the detection of
the railroad switch BG from the captured image F, the
creating module 311 creates the detection-region database
(see Table 6 below) that associates the route information
that can specify the route of the railway vehicle RV among
the routes after the railroad switch BG (for example, the
type number expressing the straight travel) with the

switching position of the railroad switch BG.

Table 6

. . Effec- Lower
SWlFC?lng Type tive I@ternal Width dis- Height
position distance

number range (m) tance (m)
(km) (m)
(m) (m)
400.000 13 0.0 0.0 0.0 0.0 0.0
[0054] Thus, when the detection-region recognizing

module 303 in the railway vehicle RV sets the detection
region in the captured image F, the detection region can be
set only for the route where the railway vehicle RV
advances and the obstacle that may interrupt the travel of
the railway vehicle RV can be detected with higher
accuracy. In the present embodiment, the switching
position of the railroad switch BG is the distance
(kilometrage) from a predetermined station to the railroad
switch.

[0055] FIG. 8 is a diagram for describing one example of

the process for creating the detection-region database by
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the detection-region database creating device according to
the present embodiment. For example, the creating module
311 detects an entrance EG of a tunnel included in the
captured image F as illustrated in FIG. 8. Upon the
detection of the entrance EG of the tunnel from the
captured image F, the creating module 311 creates the
detection-region database including the tunnel information
(see Table 7 below) that associates the type number
expressing the entrance EG of the tunnel with the tunnel
entrance position corresponding to the position of the

entrance EG of the tunnel.

Table 7
Tunnel Effec- Internal Lower
entrance Type tive . Width dis- Height
o distance
position number range (m) (m) tance (m)
(km) (m) (m)
450.000 14 0.0 0.0 0.0 0.0 0.0
[0056] Thus, the accuracy for detecting the obstacle

using the captured image F can be increased by increasing
the sensitivity of the sensor 101 in the railway vehicle RV
when the railway vehicle RV travels in the tunnel, or the
method of measuring the travel position of the railway
vehicle RV can be changed from the measuring method using
GNSS to the measuring method using an acceleration sensor,
a gyro sensor, or the like.

[0057] FIG. 9 is a diagram for describing one example of
the process for creating the detection-region database by
the detection-region database creating device according to
the present embodiment. For example, the creating module
311 detects an exit OG of the tunnel included in the
captured image F as illustrated in FIG. 9. Upon the
detection of the exit OG of the tunnel from the captured
image F, the creating module 311 creates the detection-

region database including the tunnel information (see Table
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8 below) in which the type number representing the exit 0G
of the tunnel and the tunnel exit position corresponding to
the position of the exit OG of the tunnel are associated

with each other.

Table 8
Tunnel Effec- Internal Lower
exit Type tive , Width dis- Height
L distance
position number range (m) (m) tance (m)
(km) (m) (m)
500.000 15 0.0 0.0 0.0 0.0 0.0
[0058] Thus, the overexposure of the captured image F

can be prevented by decreasing the sensitivity of the
sensor 101 in the railway vehicle RV when the railway
vehicle RV exits the tunnel, or the method of measuring the
travel position of the railway vehicle RV can be returned
to the measuring method using GNSS.

[0059] FIG. 10 is a diagram illustrating one example of
the database creation screen that is displayed on the
detection-region database creating device according to the
present embodiment. For example, as illustrated in FIG.
10, the creating module 311 causes the display 203 to
display a database creation screen G including a moving
image Gl, an entry field G2, map information G3, and
various buttons Bl to B7.

[0060] A rewinding button Bl is a button that orders the
rewinding of the moving image Gl (one example of captured
image) displayed on the database creation screen G. A
frame-rewinding button B2 is a button that orders rewinding
of a frame of the moving image Gl. A stop button B3 is a
button that orders the stop of the playback of the moving
image Gl. A frame advance button B4 is a button that
orders the frame advance of the moving image Gl. A pause
button B5 is a button that orders the pause of the playback

of the moving image Gl. A fast-forward button B6 is a
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button that orders fast-forwarding of the moving image Gl1.
A creation order button B7 is a button that orders creation
of the detection-region database.

[0061] The creating module 311 causes the display 203 to
display the database creation screen G including the moving
image Gl in accordance with the operation of the buttons Bl
to B6. In this case, for each frame of the moving image
Gl, the creating module 311 displays place and date
information I1l, which represents the travel position of the
railway vehicle RV (for example, latitude and altitude, or
kilometrage) and the date when the sensor 101 of the
railway RV obtains the frame as illustrated in FIG. 10.
[0062] As illustrated in FIG. 10, the creating module
311 displays a reference line L drawn in the width
direction X of the railway vehicle RV at the position at
which the target position image is detected in each frame
of the moving image Gl (for example, a predetermined
distance that is set in advance (for example, 30 m) ahead
of the end of the railway vehicle RV to the traveling
direction of the railway vehicle RV). Thus, the user of
the detection-region database creating device D can easily
find the position of the target position image in the
moving image GIl.

[0063] The map information G3 is a map including the
travel position of the railway vehicle RV when the moving
image Gl is obtained. The creating module 311 adds travel
position display P, which represents the travel position of
the railway vehicle RV, to the map information G3 as
illustrated in FIG. 10. Thus, the user of the detection-
region database creating device D can work to create the
detection-region database while seeing the entire travel
section of the railway vehicle RV in the map information

G3; therefore, the work of creating the detection-region
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database can be facilitated.

[0064] The entry field G2 is the field that displays the
indices of the detection-region database, the target
position (for example, latitude and altitude, or
kilometrage), the detection-region information (for
example, type number, effective range, internal distance,
width, lower distance, height, station/facility information
corresponding to the information about the station or
facility to which the target position belongs), and the
transmission positional information by associating these
pieces of information with each other.

[0065] In the case where the target position, the
detection-region information, or the transmission
positional information is not input in the entry field G2,
the creating module 311 displays the default values of the
target position, the detection-region information, and the
transmission positional information in the entry field G2
in the present embodiment. Here, the default value of the
target position is the travel position that is a
predetermined distance (for example, 30 m) ahead of the
travel position of the railway vehicle RV when the moving
image Gl is obtained. The default value of the
transmission positional information is the travel position
that is a predetermined distance (for example, 200 m)
before the travel position of the railway vehicle RV when
the moving image Gl is obtained. The default value of the
detection-region information is the detection-region
information that is set in advance for each type of the
target position.

[0066] The user of the detection-region database
creating device D can input the target position, the
detection-region information, and the transmission

positional information in the entry field G2 with reference
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to the default values of the target position, the
detection-region information, and the transmission
positional information displayed in the entry field G2.
After that, when the creation order button B7 is pushed to
order the creation of the detection-region database, the
creating module 311 creates the detection-region database
that associates the target position, the detection-region
information, and the transmission positional information
input in the entry field G2 with each other.

[0067] In the present embodiment, the creating module
311 creates the detection-region database including the
detection-region information input to the entry field G2;
however, it is only necessary that the detection-region
database is created automatically on the basis of the
captured image and the travel position. For example, the
creating module 311 determines that the travel position
that is a predetermined distance ahead of the travel
position of the railway vehicle RV when the captured image
is obtained is the target position. Furthermore, the
creating module 311 converts the shape of the extended
region (for example, the rectangular region) designated by
the user of the detection-region database creating device D
into the shape of the extended region with the actual size
in the actual space in the captured image. Then, the
creating module 311 may create, as the detection-region
database, the database that associates the determined
target position with the detection-region information
expressing the shape of the extended region with the actual
size.

[0068] Thus, by the detection-region database creating
device D according to the present embodiment, the
detection-region database can be created on the basis of

the information about the target position that cannot be
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seen from the image obtained by capturing the travel
section of the railway vehicle RV from above; therefore,
the detection-region database can be created that enables
the obstacle for the railway vehicle RV to be detected with
high accuracy.

[0069] The embodiment of the present invention has been
described so far; however, this embodiment is just an
illustrative example and does not intend to limit the scope
of the invention. This novel embodiment can be carried out
in other wvarious modes, and various omissions,
replacements, and changes are possible within the range not
departing from the concept of the invention. The
embodiment and the modifications thereof are included in
the scope and the concept of the invention, and are
included in the invention according to the scope of claims

and the equivalent thereof.
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CLATMS

1. A detection-region database creating device
comprising:

an acquiring module that acquires, from a railway
vehicle, a captured image obtained by capturing an image in
a traveling direction of the railway vehicle by an image
capturing device in the railway vehicle, and a travel
position of the railway vehicle when the captured image is
obtained; and

a creating module that creates, on the basis of the
captured image and the travel position, a detection-region
database that associates a target position with detection-
region information expressing a three-dimensional shape of
the extended region, the target position being a position
corresponding to the travel position at which a detection
region where an obstacle that interrupts travel of the
railway vehicle in the captured image is detected is
extended to an extended region outside a rolling stock

gauge or a construction gauge of the railway wvehicle.

2. The detection-region database creating device
according to claim 1, wherein the creating module causes a
display to display a screen including the captured image
and an entry field where the target position and the
detection-region information are input, and creates the
detection-region database that associates the detection-
region information with the target position that are input

using the entry field.

3. The detection-region database creating device
according to claim 2, wherein the creating module further
detects a target position image expressing the target

position from the captured image by an image recognition
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process, and causes the display to display detection
information expressing that the target position image has

been detected.

4. The detection-region database creating device
according to claim 2 or 3, wherein the creating module
further causes the display to display a preview image in
which a detection-region image expressing the detection
region is overlapped with the captured image on the basis

of the created detection-region database.

5. The detection-region database creating device
according to any one of claims 1 to 4, wherein the creating
module further detects a railroad switch existing in a
route of the railway vehicle from the captured image by the
image recognition process, and creates the detection-region
database including route information expressing a route of

the railway vehicle after the detected railroad switch.

6. The detection-region database creating device
according to any one of claims 2 to 4, wherein the creating
module causes the display to display the screen including
map information that is able to specify the travel position

when the captured image is obtained.





