DESCRIPTION

OBSTACLE DETECTION DEVICE

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

obstacle detection device.

BACKGROUND

[0002] In the operation of railway vehicles such as
railway trains and electric trains, 1t is necessary to
confirm whether an obstacle exists on a route so as to
secure the safety of the railway vehicles. In a section in
which an obstacle is likely to exist on the route of the
railway vehicles due to fall of a traveler or baggage off a
station platform, stuck of a car or bicycle at a railway
crossing, or the like, a station platform fence for
preventing the penetration of an obstacle, a railway
crossing gate for preventing the penetration of an obstacle,
a station platform fall detection device such as a
pressure-sensitive mat for detecting the presence of an
obstacle or an image recognition device for recognizing an
image of an obstacle, an obstacle detection device of an
optical type, a loop coil type, or the like for detecting
the presence of an obstacle at a railway crossing, or the
like is installed in some cases. In addition, in the
section in which the obstacle is likely to exist on the
route of the railway vehicles, an emergency stop alarm
button for notifying the occurrence of a train or station
emergency or the like is set in some cases.

[0003] However, the foregoing equipment is installed in
only sections in which an obstacle is likely to exist, in

the route of railway vehicles, and it is difficult to cover



the entire route of the railway vehicles. In addition,
because, to detect an obstacle, ground equipment and on-
vehicle equipment are required to coordinate with each
other when using the foregoing equipment, there is a
concern that systems are made more complex and are
increased in size. Therefore, a system for detecting an
obstacle exists has been developed. In the system, images
in the traveling direction of a railway vehicle
continuously captured by an imaging unit, mounted on the
railway vehicle, is used to detect the obstacle.
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0005] If an obstacle cannot be detected by a driver or
the foregoing equipment before a distance between a railway
vehicle and the obstacle becomes shorter than a total
distance of an idling distance and a braking distance, it
might be difficult to avoid a collision against the
obstacle. The idling distance is a distance that the
railway vehicle travels from a time the driver or the
foregoing equipment recognizes the obstacle to a time
braking is applied, and the braking distance is a distance
that the railway vehicle travels from the time the braking
is applied to a time the railway vehicle stops. 1In

addition, compared with a car's collision avoidance system,



the railway vehicle has a different feature that the
railway vehicle cannot avoid an obstacle by steering due to
restrictions such as a long braking distance and traveling
on a rail. Therefore, the railway vehicle is requested to
detect an obstacle present on a rail enough far away from

the obstacle with high accuracy.

Means for Solving Problem

[0006] An obstacle detection device according to an
embodiment includes an acquiring unit, a rail detector, a
monitoring region setting unit, an obstacle detector, and
an output unit. The acquiring unit acquires a visible
light image obtained by imaging in a traveling direction of
a railway vehicle by an imaging unit included in the
railway vehicle and a distance image that allows a distance
to an object existing in an imaging range of the imaging
unit to be identifiable. The rail detector detects, from
the visible light image, a rail on which the railway
vehicle travels. The monitoring region setting unit uses
the rail as a standard to set, in the visible light image,
a three-dimensional monitoring region defined by a loading
gauge of the railway vehicle or a construction gauge. The
obstacle detector detects an obstacle that exists in the
monitoring region and hinders the traveling of the railway
vehicle, based on range information that allows a distance
range to the monitoring region based on the visible light
image to be identifiable and the distance image. The output

unit that outputs a result of detecting the obstacle.

BRIEF DESCRIPTION OF DRAWINGS
[0007] FIG. 1 is a diagram illustrating an example of a
schematic configuration of a railway vehicle according to a

first embodiment.



FIG. 2 i1s a block diagram illustrating an example of a
functional configuration of an obstacle detection device
included in the railway vehicle according to the first
embodiment.

FIG. 3 is a diagram illustrating an example of a
monitoring region set for the railway vehicle according to
the first embodiment.

FIG. 4 i1is a diagram illustrating an example of the
monitoring region set for the railway vehicle according to
the first embodiment.

FIG. 5 is a flowchart indicating an example of the
flow of a process of detecting an obstacle in the railway
vehicle according to the first embodiment.

FIG. 6 1s a schematic diagram illustrating an example
of a method for setting a monitoring region in the railway
vehicle according to the first embodiment.

FIG. 7 i1s a diagram illustrating an example of a
process of setting a standard plane for the railway vehicle
according to the first embodiment.

FIG. 8 i1s a diagram illustrating an example of a
process of setting a monitoring region for a railway
vehicle according to a modification.

FIG. 9 is a diagram illustrating an example of a
functional configuration of an obstacle detection device
included in a railway vehicle according to a second
embodiment.

FIG. 10 is a diagram illustrating an example of an
enlarged monitoring region for the railway vehicle

according to the second embodiment.

DETAILED DESCRIPTION
[0008] Hereinafter, a railway vehicle including an

obstacle detection device according to each embodiment is



described with reference to the accompanying drawings.
[0009] (First Embodiment)

FIG. 1 is a diagram illustrating an example of a
schematic configuration of a railway vehicle according to a
first embodiment. As illustrated in FIG. 1, the railway
vehicle RV according to the present embodiment includes a
sensor 10, an obstacle detection device 20, a storage 30,
and a display 40. The sensor 10 is an example of an
imaging unit that can capture an image in a traveling
direction of the railway vehicle RV. 1In the present
embodiment, the sensor 10 can capture an image in an
imaging range including a rail R existing in the traveling
direction of the railway vehicle RV. The obstacle
detection device 20 is just an example for detecting an
obstacle that hinders the traveling of the railway vehicle
RV. The storage 30 stores a result of detecting an
obstacle by the obstacle detection device 20. The display
40 displays an image obtained by imaging in the traveling
direction of the railway vehicle RV by the sensor 10 and
various types of information such as a result of detecting
an obstacle by the obstacle detection device 20.

[0010] FIG. 2 i1s a block diagram illustrating an example
of a functional configuration of the obstacle detection
device included in the railway vehicle according to the
first embodiment. As illustrated in FIG. 2, the obstacle
detection device 20 includes an image acquiring unit 201, a
rail recognizing unit 202, a monitoring area recognizing
unit 203, a candidate obstacle recognizing unit 204, an
obstacle determining unit 205, a result output unit 206,
and a storage 207. 1In the present embodiment, a part of or
all of the image acquiring unit 201, the rail recognizing
unit 202, the monitoring area recognizing unit 203, the

candidate obstacle recognizing unit 204, the obstacle



determining unit 205, and the result output unit 206 are
achieved by causing a processor such as a central
processing unit (CPU) included in the railway vehicle RV to
execute software stored in the storage 207.

[0011] In addition, the part of or all of the image
acquiring unit 201, the rail recognizing unit 202, the
monitoring area recognizing unit 203, the candidate
obstacle recognizing unit 204, the obstacle determining
unit 205, and the result output unit 206 may be achieved by
hardware that is a circuit board such as large scale
integration (LSI), an application specific integrated
circuit (ASIC), or a field programmable gate array (FPGA).
Alternatively, the image acquiring unit 201, the rail
recognizing unit 202, the monitoring area recognizing unit
203, the candidate obstacle recognizing unit 204, the
obstacle determining unit 205, and the result output unit
206 may be achieved by causing the software executed by the
processor and the hardware to collaborate with each other.
[0012] The storage 207 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 207 stores various types of
information such as a computer program to be executed by
the processor included in the railway vehicle RV.

[0013] The image acquiring unit 201 is an example of an
acquiring unit that acquires a visible light image
(hereinafter referred to as color image) obtained by
imaging in the traveling direction of the railway vehicle
RV by the sensor 10 and a distance image for identifying a
distance to an object existing in the imaging range of the
sensor 10. In the present embodiment, the image acquiring

unit 201 acquires, as the color image, any one of a



plurality of images obtained by imaging in the traveling
direction of the railway vehicle RV by a plurality of
imaging units included in the sensor 10 from different
points of view.

[0014] In addition, the image acquiring unit 201
acquires the images as the distance image. In the present
embodiment, the image acquiring unit 201 converts the
images obtained by the imaging by the imaging units
included in the sensor 10 into gray-scaled images
(hereinafter referred to as grayscale images). Then, the
image acquiring unit 201 geometrically converts the
grayscale images into images (hereinafter referred to as
parallel coordinate images) obtained when optical axes of
the imaging units are virtually parallel to each other.
Then, the image acquiring unit 201 uses, in accordance with
the principles of parallel stereo vision, one of the
parallel coordinate images and the other of the parallel
coordinate images to acquire the distance image for
identifying the distance to the object existing in the
imaging range of the imaging units included in the sensor
10.

[0015] The rail recognizing unit 202 functions as an
example of a rail detector that detects the rail R that is
in the color image and on which the railway vehicle RV
travels. In the present embodiment, the rail recognizing
unit 202 converts each of the grayscale images converted
from the color images obtained by the imaging by the sensor
10 into an image (hereinafter referred to as edge-
highlighted image) with edges highlighted. Then, the rail
recognizing unit 202 generates pixel groups by grouping
certain pixels that are in the edge-highlighted image and
have certain edge intensities larger than a predetermined

edge intensity and pixels that are in pixels around the



certain pixels and have edge intensities equal to or nearly
equal to the certain edge intensities. Then, the rail
recognizing unit 202 extracts, from the generated pixel
groups, pixel groups forming continuous lines extending in
the traveling direction of the railway vehicle RV. Then,
the rail recognizing unit 202 detects, from among the
extracted pixel groups, pixel groups satisfying a
predetermined evaluation condition as the rail R on which
the railway vehicle RV travels. The evaluation condition
is that pixel groups are determined to be the rail R, for
example, the pixel groups having edge intensities
determined to be the rail R.

[0016] The monitoring area recognizing unit 203
functions as an example of a monitoring region setting unit
that sets a three-dimensional monitoring region in the
color image using the rail R detected by the rail
recognizing unit 202 as a standard. The monitoring region
is a three-dimensional region defined by a loading gauge of
the railway vehicle RV or a construction gauge in the color
image. In addition, the monitoring area recognizing unit
203 calculates, based on the color image, range information
for identifying a range that is a distance range from the
sensor 10 to the monitoring region.

[0017] FIGS. 3 and 4 are diagrams illustrating examples
of the monitoring region set for the railway vehicle
according to the first embodiment. As illustrated in FIG.
3, the monitoring area recognizing unit 203 calculates
loading gauge cross-sections X and distances to the loading
gauge cross-sections X for arbitrary positions P on the
detected rail R based on installation conditions of the
sensor 10 and restrictions including a condition that a
width of the rail R detected by the rail recognizing unit

202 is constant. Each of the loading gauge cross-sections



X 1s a cross-section of the loading gauge in a direction
perpendicular to the traveling direction of the railway
vehicle RV. The monitoring area recognizing unit 203 sets,
as the monitoring region, a tunnel-shaped region with
cross-sections that are the loading gauge cross-sections X
calculated for the different positions P on the rail R in
the traveling direction of the railway vehicle RV. 1In
addition, the monitoring area recognizing unit 203
calculates, as range information, a range that is a range
(set) of distances to the loading gauge cross-sections X
calculated for the positions P.

[0018] In addition, as illustrated in FIG. 4, the
monitoring area recognizing unit 203 calculates
construction cross-sections Y and distances to the
construction gauge cross-sections Y for arbitrary positions
P on the detected rail R based on the installation
conditions of the sensor 10 and restrictions including the
condition that the width of the rail R detected by the rail
recognizing unit 202 is constant. Each of the construction
gauge cross-sections Y is a cross-section of the
construction gauge in the direction perpendicular to the
traveling direction of the railway vehicle RV. The
monitoring area recognizing unit 203 sets, as the
monitoring region, a tunnel-shaped region with cross-
sections that are the construction gauge cross-sections Y
calculated for the different positions P on the rail R in
the traveling direction of the railway vehicle RV. 1In
addition, the monitoring area recognizing unit 203
calculates, as range information, a range that is a range
(set) of distances to the construction gauge cross-sections
Y calculated for the positions P.

[0019] Returning to FIG. 2, the candidate obstacle

recognizing unit 204 extracts, as candidates (hereinafter
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referred to as candidate obstacles) of an obstacle, objects
in the monitoring region based on the distance image and
the range information. In the present embodiment, the
candidate obstacle recognizing unit 204 extracts, as a
three-dimensional candidate obstacle existing in the
monitoring region, a similar region obtained by grouping
pixels from among pixels within the distance image and
indicating distances matching the distances identified by
the range information.

[0020] The obstacle determining unit 205 detects an
obstacle from the candidate obstacles based on at least one
of sizes of the candidate obstacles extracted by the
candidate obstacle recognizing unit 204 and moving vectors
of the candidate obstacles. Therefore, because it is
possible to detect, as an obstacle, an object that is
likely to be an obstacle from among objects existing in the
monitoring region, the accuracy of detecting the obstacle
can be improved. In the present embodiment, the obstacle
determining unit 205 detects, as an obstacle, a candidate
obstacle that is among the candidate obstacles and has a
size equal to or larger than a size set in advance. 1In
addition, the obstacle determining unit 205 detects, as an
obstacle, a candidate obstacle that is among the candidate
obstacles and has a moving vector pointing toward the rail
R. In addition, the obstacle determining unit 205 may
detect, as an obstacle, a candidate obstacle that is among
the candidate obstacles and has a size equal to or larger
than the size set in advance and a moving vector pointing
toward the rail R.

[0021] In the present embodiment, the candidate obstacle
recognizing unit 204 and the obstacle determining unit 205
collaborate with each other to function as an example of an

obstacle detector that detects, based on the distance image
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and the range information, an obstacle that is in the
monitoring region and hinders the traveling of the railway
vehicle RV. Therefore, when the color image obtained by
the imaging in the traveling direction of the railway
vehicle RV 1is used to detect an obstacle that hinders the
traveling of the railway vehicle RV, it is possible to
dynamically and approximately set the monitoring region
from which the obstacle is detected in the color image and
to detect the obstacle, and thus the obstacle that hinders
the traveling of the railway vehicle RV can be detected
with high accuracy.

[0022] The result output unit 206 functions as an
example of an output unit that outputs a result of
detecting an obstacle by the candidate obstacle recognizing
unit 204 and the obstacle determining unit 205. In the
present embodiment, when an obstacle is detected by the
obstacle determining unit 205, the result output unit 206
causes the display 40 to display the color image and
information indicating that the obstacle has been detected.
In addition, the result output unit 206 stores the result
of detecting the obstacle in the storage 30.

[0023] Next, an example of a process of detecting an
obstacle by the railway vehicle according to the present
embodiment is described with reference to FIG. 5. FIG. 5
is a flowchart indicating the example of the process of
detecting an obstacle in the railway vehicle according to
the first embodiment.

[0024] The image acquiring unit 201 acquires the color
image and the distance image from the sensor 10 (in step
S501). The sensor 10 is an optical sensor that can
simultaneously output the color image and the distance
image and is an optical sensor of pattern projection type,

photogrammetry type, or time-of-flight type. In addition,
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when the sensor 10 includes two imaging units (left and
right imaging units) separated from each other in a vehicle
width direction of the railway vehicle RV, the image
acquiring unit 201 may acquire, as the distance image, two
color images obtained by imaging by the two imaging units.
[0025] Upon acquiring the two color images, as the
distance image, the image acquiring unit 201 converts the
two color images into grayscale images (in step S502). The
present embodiment describes an example in which the image
acquiring unit 201 converts the two color images into the
grayscale images to reduce a calculation amount necessary
to detect an obstacle and uses the grayscale images to
detect the obstacle. The obstacle, however, can be
detected using the color images as they are.

[0026] Next, the image acquiring unit 201 geometrically
transforms the two grayscale images into parallel
coordinate images (in step S503). A general camera lens
has a distortion in a radial direction and a distortion in
a circumferential direction. Therefore, a coefficient
and/or a table that are necessary to correct distortions of
images obtained by imaging by the sensor 10 is stored, as
image conversion information, in the storage 207. Then,
the image acquiring unit 201 can use the image conversion
information stored in the storage 207 to correct
distortions of the grayscale images based on aberration of
lenses or the like. 1In addition, an internal parameter of
the sensor 10 and an external parameter based on relative
positional relations may be calculated by calibration, and
the external parameter may be stored as the image
conversion information in the storage 207.

[0027] Next, the image acquiring unit 201 uses one of
the parallel coordinate images as a standard image and the

other of the parallel coordinate images as a reference
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image to calculate disparity between the standard image and
the reference image as the distance image (in step S504).
According to a geometrical restrictions such as epipolar
geometry, a corresponding pixel in the reference image,
corresponding to a target pixel in the standard image, is
calculated by searching only an epipolar line at the same
height position as that of the target pixel of the standard
image. Therefore, the corresponding pixel can be searched
with a small calculation amount and with high accuracy.

The search of the corresponding pixel is executed by
template matching, global matching, semi-global matching,
or the like. 1In the template matching, the corresponding
pixel is searched from each of small regions that are some
regions within the reference image. In the global matching,
the optimal corresponding pixel (solution) is searched from
the entire reference image. In the semi-global matching,
the optimal corresponding pixel is searched from pixels
around the target pixel in the reference image. However,
when the real time search is requested for the
corresponding pixel, the corresponding pixel is searched by
the template matching in many cases.

[0028] After the calculation of the corresponding pixel,
the image acquiring unit 201 calculates the disparity
between the target pixel of the standard image and the
corresponding pixel of the reference image. In the present
embodiment, the image acquiring unit 201 calculates the
corresponding pixel of the reference image while shifting
the target pixel of the standard image one by one.
Therefore, when the reference image is a digital image,
coordinates of the corresponding pixel are represented by
integers. Therefore, when the coordinates of the
corresponding pixel are estimated with decimal precision, a

subpixel estimation method is used. In the subpixel
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estimation method, when an evaluation function to be used
to search for the corresponding pixel is a primary function
such as the sum of absolute difference (SAD), equiangular
linear fitting is used. In the subpixel estimation method,
when the evaluation function to be used to search for the
corresponding pixel is a secondary function such as the sum
of squared difference (SSD), parabola fitting is used.
[0029] When it is not necessary to calculate the
disparity with decimal precision or when a processing time
for acquiring the disparity is to be reduced, the disparity
may be calculated without using the subpixel estimation
method. In addition, when an evaluation value of the
coordinates of the corresponding pixel that is based on the
evaluation function used in the subpixel estimation method
is larger than a predetermined threshold, and a difference
between characteristic amounts (for example, changes in
gradations) of the target pixel and the corresponding pixel
is small, the calculated disparity may be invalidated.
[0030] By executing the foregoing processes, the image
acquiring unit 201 calculates disparity between pixels of
the reference image and all pixels of the standard image or
pixels in a valid region of a part of the standard image.
Then, the image acquiring unit 201 uses the following
Equation (1) to calculate, as the distance image, a
distance Z to an object indicated by pixels of the standard
image. In the following Equation (1), f indicates a focal
distance of the two imaging units included in the sensor 10,
B indicates a distance between the two imaging units
included in the sensor 10, and D indicates disparity D
between a pixel of the standard image and a pixel of the
reference image.

Zz =fxB /D (1)

[0031] Next, the rail recognizing unit 202 detects
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candidate rails that are candidates of the rail R on which
the railway vehicle RV travels (in step S505). In the
present embodiment, the rail recognizing unit 202 converts
the standard image into an edge-highlighted image. Next,
the rail recognizing unit 202 detects, as the candidate
rails, pixel groups forming continuous lines extending in
the traveling direction of the railway vehicle RV from
pixel groups obtained by grouping certain pixels having
certain edge intensities larger than the predetermined edge
intensity and pixels existing around the certain pixels and
having edge intensities equal to or nearly equal to the
certain edge intensities in the edge-highlighted image.
Then, the rail recognizing unit 202 detects, as the rail R,
a candidate rail satisfying the evaluation condition set in
advance from the detected candidate rails (in step S506).
[0032] The monitoring area recognizing unit 203 uses the
rail R detected by the rail recognizing unit 202 as a
standard and sets a three-dimensional monitoring region in
the standard image (in step S507).

FIG. 6 is a schematic diagram illustrating an example
of a method for setting the monitoring region in the
railway vehicle according to the first embodiment. As
illustrated in FIG. 6, the monitoring area recognizing unit
203 sets, for any arbitrary position P on the rail R
detected by the rail recognizing unit 202, a horizontal
line connecting left and right segments of the rail R and
existing at the position P. The line has a length of L
pixels in the standard image. Then, when pitch angles, yaw
angles, and roll angles of the imaging units included in
the sensor 10 are all 0° and the rail R on which the
railway vehicle RV travels has a narrow gauge, resolution
per pixel in the horizontal direction is 1067/L millimeters.

[0033] Alternatively, the monitoring area recognizing
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unit 203 uses the distance image to acquire disparity
between a target pixel at the position P and a
corresponding pixel or a distance to the position P. Then,
the monitoring area recognizing unit 203 calculates
resolution per pixel based on the disparity or the distance
in advance and identifies resolution per pixel based on the
acquired disparity or the acquired distance. Then, the
monitoring area recognizing unit 203 may treat the
identified resolution per pixel as resolution per pixel in
the horizontal direction at the position P. When aspect
ratios of imaging elements of the sensor 10 are 1:1,
resolution per pixel in a direction (or vertical direction)
perpendicular to the line is the same as the resolution per
pixel in the horizontal direction.

[0034] Next, as illustrated in FIG. 6, the monitoring
area recognizing unit 203 sets a loading gauge cross-
section X for each of the positions P within the standard
image based on dimensions (for example, a width: 3800 mm, a
height: 4300 mm) of the loading gauge in the actual space
and the resolution per pixel in the standard image. In the
present embodiment, the monitoring area recognizing unit
203 sets a region imitating a cross-section of the loading
gauge as the loading gauge cross-section X, but is not
limited to this as long as a region that allows the loading
gauge to be identifiable is set as the loading gauge cross-
section X. For example, the monitoring area recognizing
unit 203 may set, as the loading gauge cross-section X, a
region of a predetermined shape, such as a rectangle
approximating the cross-section of the loading gauge. In
addition, although an example in which the loading gauge
cross-section X i1s set in the standard image is described,
the same applies to the case where a construction gauge

cross-section Y is set in the standard image. After that,
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the monitoring area recognizing unit 203 sets a tunnel-
shaped monitoring region in the standard image by
repeatedly setting the loading gauge cross-section X for
each of the positions P while moving the positions P within
the standard image in the traveling direction of the
railway vehicle RV.

[0035] In addition, the monitoring area recognizing unit
203 calculates, for each of the positions P, a distance to
the position P or the disparity between a target pixel at
the position P and a corresponding pixel based on the
resolution per pixel in the standard image, the number of
pixels in a range from a lower end (or an end on the near
side in the imaging range of the sensor 10) of the standard
image to the position P, and the like. Then, the
monitoring area recognizing unit 203 treats, as range
information, a range of distances calculated for the
positions P or a range of disparity calculated for the
positions P. In addition, the monitoring area recognizing
unit 203 stores the range information, as monitoring area
information, in the storage 207.

[0036] Returning to FIG. 5, the candidate obstacle
recognizing unit 204 sets, in the standard image, a
standard plane in contact with an upper surface of the rail
R detected by the rail recognizing unit 202 (in step S508).
Therefore, an object that exists under the rail R and is
unlikely to be an obstacle is not detected as a candidate
obstacle, and thus a processing load caused by the process
of detecting an obstacle can be reduced.

[0037] FIG. 7 is a diagram illustrating an example of a
process of setting the standard plane for the railway
vehicle according to the first embodiment. As illustrated
in FIG. 7, the candidate obstacle recognizing unit 204 sets,

as standard planes Pl and P2, approximate flat or curved
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planes along a part of the upper surface of the rail R
recognized by the rail recognizing unit 202 and the part of
the upper surface is in an area close to the sensor 10 or
an area with similar disparity.

[0038] Returning to FIG. 5, next, the candidate obstacle
recognizing unit 204 extracts, as candidate obstacles,
objects in the monitoring region of the standard image
based on the distance image indicating the disparity (or
distance) between the standard image and the reference
image, and the range information (in step S509).
Specifically, as candidate obstacles, the candidate
obstacle recognizing unit 204 extracts objects, from the
objects in the standard image, having a disparity between
the standard image and the reference image or a distance
within the range indicated in the range information.

[0039] Among the objects in the monitoring region, any
object partially included in the monitoring region may not
be detected as an obstacle for such a reason that the size
of the object is smaller than a predetermined size, or the
like. Therefore, in the present embodiment, the candidate
obstacle recognizing unit 204 extracts, as a candidate
obstacle, an object existing above the standard plane.
Specifically, among the objects in the monitoring region of
the standard image, the candidate obstacle recognizing unit
204 extracts, as a candidate obstacle, an object residing
on the near side with respect to the standard plane, or an
object closer the sensor 10 than the standard plane (or an
object having larger disparity than disparity of the
standards plane).

[0040] The obstacle determining unit 205 detects an
obstacle from among the candidate obstacles based on at
least one of sizes of the candidate obstacles and moving

vectors of the candidate obstacles (in step S510). In the
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present embodiment, the obstacle determining unit 205
discards, as noise or disturbance, any candidate obstacle,
among the candidate obstacles, having an aspect ratio of a
circumscribed rectangle that is extremely biased in the
standard image. In addition, the obstacle determining unit
205 calculates a moving vector of a candidate obstacle
between standard images of two or more frames among the
candidate obstacles. When the moving vector points from
the lower side to the upper side, the obstacle determining
unit 205 discards the obstacle as disturbance such as a
bird or smoke. Then, the obstacle determining unit 205
detects, as an obstacle, a candidate obstacle that is among
the candidate obstacles and remains without being discarded
and has the center of gravity the position of which is in
the monitoring region.

[0041] Then, the result output unit 206 outputs, to the
display 40, a result of detecting the obstacle by the
obstacle determining unit 205 and causes the display 40 to
display the result of detecting the obstacle (in step S511).
In the present embodiment, the result output unit 206
causes the display 40 to display, as the result of
detecting the obstacle, the fact that the obstacle has been
detected by the obstacle determining unit 205, a distance
to the detected obstacle, and the like. In addition, the
result output unit 206 outputs audio notifying the result
of detecting the obstacle and outputs the result of
detecting the obstacle to a vehicle control device for
controlling the traveling of the railway vehicle RV.
Furthermore, the result output unit 206 stores detection
result information indicating the result of detecting the
obstacle in the storage 207. Furthermore, the result
output unit 206 can store the detection result information

in an external storage. Therefore, even in an offline
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state where an external device cannot communicate with the
obstacle detection device 20 of the railway vehicle RV, the
external device can use the detection result information
stored in the external storage to analyze the result of
detecting the obstacle.

[0042] After that, the image acquiring unit 201
determines whether the termination of the process of
detecting an obstacle is instructed (in step S512). When
the termination of the process of detecting an obstacle is
instructed (Yes at step S512), the image acquiring unit 201
does not acquire a new color image and a distance image and
terminates the process of detecting an obstacle. 1In
contrast, when the termination of the process of detecting
an obstacle has not been instructed (No at step S512), the
image acquiring unit 201 returns to step S501 and acquires
the new color image and the distance image.

[0043] According to the railway vehicle RV of the first
embodiment, when the color image obtained by the imaging in
the traveling direction of the railway vehicle RV is used
to detect an obstacle that hinders the traveling of the
railway vehicle RV, it is possible to dynamically and
appropriately set the monitoring region from which the
obstacle is detected in the color image and detect the
obstacle. Therefore, the obstacle that hinders the
traveling of the railway vehicle RV can be detected with
high accuracy.

[0044] (Modification)

A modification is an example in which when a plurality
of rails are detected from a color image, a monitoring
region is set for each of the rails using the rails as
standards. The following describes different features from
the first embodiment.

[0045] FIG. 8 is a diagram illustrating an example of a
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process of setting a monitoring region for a railway
vehicle according to the modification. As illustrated in
FIG. 8, when a plurality of rails R1 and R2 are detected by
the rail recognizing unit 202, the monitoring area
recognizing unit 203 sets monitoring regions Al and A2 for
the rails R1 and R2.

[0046] However, when the rail R1 on which the railway
vehicle RV travels is identifiable by the rail recognizing
unit 202 from the rails R1 and R2, the monitoring area
recognizing unit 203 may set a monitoring region (for
example, the monitoring region Al) only for the rail RI1.
Therefore, when the rails R are detected by the rail
recognizing unit 202, it is sufficient if a monitoring
region is set for any one of the rails R, and thus a
processing load caused by the process of setting a
monitoring region can be reduced. For example, the
monitoring area recognizing unit 203 recognizes, from an
image, the orientation of the rail R at a point portion on
the rail R on which the railway vehicle RV travels and
current indication of a traffic light. Then, the
monitoring area recognizing unit 203 identifies, based on
the results of the recognition, the rail R on which the
railway vehicle RV travels. Alternatively, the monitoring
area recognizing unit 203 may identify, based on a service
schedule of the railway vehicle RV, the rail R on which the
railway vehicle RV travels.

[0047] (Second Embodiment)

A present embodiment is an example in which a
monitoring region is enlarged in a predetermined section in
a traveling section in which a railway vehicle travels. 1In
the following description, a description of the same
configurations as those described in the first embodiment

is omitted.
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[0048] FIG. 9 is a diagram illustrating an example of a
functional configuration of a traveling obstacle detection
device included in a railway vehicle according to the
second embodiment. As illustrated in FIG. 9, in the
present embodiment, the railway vehicle RV includes the
sensor 10, an obstacle detection device 90, the display 40,
the storage 30, and a position measuring device 60. The
position measuring device 60 is a position measuring unit
that measures a traveling position of the railway vehicle
RV. For the position measuring device 60, a tachometer
generator (TG) and a global navigation satellite system
(GNSS) are used. The obstacle detection device 90 includes
the image acquiring unit 201, the rail recognizing unit 202,
a monitoring area recognizing unit 901, the candidate
obstacle recognizing unit 204, the obstacle determining
unit 205, the result output unit 206, and a storage 903.
[0049] For example, objects existing in not only a
loading gauge and a construction gauge but also regions
around the loading gauge and the construction gauge may be
obstacles at a railway crossing gate where pedestrians,
bicycles, vehicles, and the like come and go on a rail and
may hinder the traveling of the railway vehicle RV, a
station platform from which a passenger, baggage, or the
like falls and may hinder the traveling of the railway
vehicle RV on the rail R, and the like.

[0050] Therefore, the monitoring area recognizing unit
901 enlarges a monitoring region within a standard image so
that a region around the loading gauge or the construction
gauge can be included in the monitoring region in the
predetermined section in the traveling section of the
railway vehicle RV. The predetermined section is a section
that is preset and can be an obstacle in a region around

the loading gauge or the construction gauge. Therefore,
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because it is possible to detect, as an obstacle, an object
that can be an obstacle in the region around the loading
gauge or the construction gauge, a state around the railway
vehicle RV can be recognized. Consequently, it i1s possible
to reduce the risk that an object enters the loading gauge
or the construction gauge after the railway vehicle RV
approaches a railway crossing gate, a station platform, or
the like, and is bumped by the railway vehicle RV.

[0051] Therefore, in the present embodiment, it is
necessary that the monitoring area recognizing unit 901
determine whether the monitoring region in the standard
image i1s set in the predetermined section. For example,
the monitoring area recognizing unit 901 determines, based
on a color image, whether a region in which the monitoring
region is set is in the predetermined section.
Specifically, when a symbol such as a station platform, a
railway crossing gate, a sign, or a traffic light exists in
the predetermined section, the monitoring area recognizing
unit 901 detects the symbol from the color image by a
pattern recognition technique or the like, thereby
identifying a start point of the predetermined section and
an end point of the predetermined section. Then, the
monitoring area recognizing unit 901 enlarges the
monitoring region between the identified start point and
the identified end point.

[0052] Alternatively, the monitoring area recognizing
unit 901 may detect, as the symbol, a structural object
(for example, an end of a station platform or a structure
specific to a railway crossing gate) around the
predetermined section and identify the start and end points
of the predetermined section. Alternatively, a dedicated
sign from which the start and end points of the

predetermined section is identifiable may be installed at a
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position that is on the ground side and can be imaged by
the sensor 10. Then, when the monitoring area recognizing
unit 901 recognizes the dedicated sign from the color image
by the pattern recognition technique, the monitoring area
recognizing unit 901 may determine that the region in which
the monitoring region is set is the predetermined section,
and enlarge the monitoring region.

[0053] In addition, a communication device (example of
an external device) that can execute wireless communication
to transmit, to the railway vehicle RV traveling near the
predetermined section, positional information indicating a
position (for example, the start and end points of the
predetermined section) of the predetermined section may be
installed on the ground side. In this case, the monitoring
area recognizing unit 901 receives the positional
information from the communication device. Then, the
monitoring area recognizing unit 901 enlarges the
monitoring region at the position indicated in the received
positional information. The communication device is a
transponder ground coil, a radio frequency identifier
(RFID) tag, or the like. However, because 1t is necessary
to detect an obstacle 200 to 300 meters before the obstacle,
it is necessary that the communication device be installed
several hundreds of meters before the predetermined section
and transmit the positional information to the railway
vehicle RV located several hundreds of meters away from the
communication device.

[0054] In addition, when the railway vehicle RV includes
the position measuring device 60 and the storage 903 stores
the positional information (for example, enlarged
monitoring area information indicating the start and end
points of the predetermined section) of the predetermined

section, the monitoring area recognizing unit 901 may
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enlarge the monitoring region in the case where a traveling
position measured by the position measuring device 60 is
between the start and end points indicated in the enlarged
monitoring area information stored in the storage 903. The
enlarged monitoring area information is information
representing the start and end positions of the
predetermined section in a unit system (for example,
kilometers, or longitude and latitude) or the like.

[0055] FIG. 10 is a diagram illustrating an example of
the enlarged monitoring region for the railway vehicle
according to the second embodiment. As illustrated in FIG.
10, when the monitoring area recognizing unit 901
determines that the region in which the monitoring region
is set is in the predetermined section, the monitoring area
recognizing unit 901 sets the construction gauge cross-
sections Y and surrounding regions Y' surrounding the
construction gauge cross-sections Y for the set positions P.
Then, the monitoring area recognizing unit 901 sets, as the
monitoring region, a tunnel-shaped region having cross-
sections that are the construction gauge cross-sections Y
calculated for the different positions P and the
surrounding regions Y' calculated for the different
positions P. The example in which the construction gauge
cross-sections Y and the surrounding regions Y' are set in
the color image is described. However, also in the case
where the loading gauge cross-sections X and surrounding
regions are set in the color image, the monitoring region
is set in the same manner.

[0056] According to the railway vehicle RV of the second
embodiment, because it is possible to detect, as an
obstacle, an object that can be an obstacle in a region
around the loading gauge or the construction gauge, a state

around the railway vehicle RV can be recognized.
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Consequently, it is possible to reduce the risk that the
object enters the loading gauge or the construction gauge
after the railway vehicle RV approaches a railway crossing
gate, a station platform, or the like and is bumped by the
railway vehicle RV.

[0057] As described above, according to the first and
the second embodiments, an obstacle that hinders the
traveling of the railway vehicle RV can be detected with
high accuracy.

[0058] A computer program to be executed by the obstacle
detection device 20, 90 according to the present embodiment
is provided by being embedded in a ROM or the like, but may
be provided by being recorded as a file in an installable
format or an executable format in a computer-readable
recording medium. The computer-readable recording medium
is a CD-ROM, a flexible disk (FD), a CD-R, a digital
versatile disk (DVD), or the like.

[0059] The computer program to be executed by the
obstacle detection device 20, 90 according to the present
embodiment may be stored in a computer connected to a
network such as the Internet and may be downloaded and
provided via the Internet. In addition, the computer
program to be executed by the obstacle detection device 20,
90 according to the present embodiment may be provided or
distributed via the network such as the Internet.

[0060] The computer program to be executed by the
obstacle detection device 20, 90 according to the present
embodiment has a module configuration including the
foregoing units (image acquiring unit 201, rail recognizing
unit 202, monitoring area recognizing unit 203, 901,
candidate obstacle recognizing unit 204, obstacle
determining unit 205, and result output unit 206). The CPU

as actual hardware reads the computer program from the
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foregoing ROM and executes the computer program, thereby
causing the foregoing units to be loaded into the main
storage so that the image acquiring unit 201, the rail
recognizing unit 202, the monitoring area recognizing unit
203, 901, the candidate obstacle recognizing unit 204, the
obstacle determining unit 205, and the result output unit
206 can be generated on the main storage.

[0061] Although the embodiments of the invention are
described, these embodiments are presented as examples and
are not intended to limit the scope of the invention. It
is possible to implement the new embodiments in other
various forms and conduct various omission, replacement,
and changes without departing from the gist of the
invention. The embodiments and the modifications thereof
are included in the scope and gist of the invention and
included in the scope of the invention described in the

claims and the scope of equivalents thereof.
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CLAIMS

1. An obstacle detection device comprising:

an acquiring unit that acquires a visible light image
obtained by imaging in a traveling direction of a railway
vehicle by an imaging unit included in the railway vehicle
and a distance image that allows a distance to an object
existing in an imaging range of the imaging unit to be
identifiable;

a rail detector that detects, from the visible 1light
image, a rail on which the railway vehicle travels;

a monitoring region setting unit that uses the rail as
a standard to set, in the visible light image, a three-
dimensional monitoring region defined by a loading gauge of
the railway vehicle or a construction gauge;

an obstacle detector that detects an obstacle that
exists in the monitoring region and hinders the traveling
of the railway vehicle, based on range information that
allows a distance range to the monitoring region based on
the visible light image to be identifiable and the distance
image; and

an output unit that outputs a result of detecting the

obstacle.

2. The obstacle detection device according to claim 1,
further comprising:

a candidate detector that detects, as candidates of
the obstacle, objects existing in the monitoring region
based on the distance image and the range information,
wherein

the obstacle detector detects the obstacle from among
the candidates of the obstacle based on at least one of
sizes of the candidates of the obstacle and moving vectors

of the candidates of the obstacle.
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3. The obstacle detection device according to claim 1 or
2, wherein

the acquiring unit acquires, as the visible 1light
image, any one of a plurality of images obtained by imaging
in the traveling direction of the railway vehicle by a
plurality of the imaging units from different points of

view and acquires the images as the distance image.

4. The obstacle detection device according to claim 3,
wherein

the distance image indicates disparity between the
images, and

the range information indicates a range of disparity

of the monitoring region.

5. The obstacle detection device according to any one of
claims 1 to 4, wherein

when a plurality of the rails are detected by the rail
detector from the light visible image, the monitoring
region setting unit sets the monitoring region for each of

the rails.

6. The obstacle detection device according to any one of
claims 1 to 4, wherein

when a plurality of the rails are detected by the rail
detector from the light visible image, the monitoring
region setting unit sets the monitoring region for only the
rail that is among the rails and on which the railway

vehicle travels.

7. The obstacle detection device according to claim 2,

wherein
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the candidate detector sets a standard plane in
contact with an upper surface of the rail in the visible
light image and detects, as a candidate of the obstacle, an

object existing above the standard plane.

8. The obstacle detection device according to any one of
claims 1 to 7, wherein

the monitoring region setting unit enlarges the
monitoring region so that a region around the loading gauge
of the railway vehicle or the construction gauge is
included in the monitoring region in a predetermined
section within a traveling section in which the railway

vehicle travels.

9. The obstacle detection device according to claim 8,
wherein

the monitoring region setting unit detects the
predetermined section from the visible light image and

enlarges the monitoring region in the predetermined section.

10. The obstacle detection device according to claim 8,
wherein

the monitoring region setting unit receives, from an
external device, positional information indicating a
position of the predetermined section and enlarges the
monitoring region at the position indicated in the

positional information.

11. The obstacle detection device according to claim 8,
further comprising:

a position measuring unit that measures a traveling
position of the railway vehicle; and

a storage that stores positional information
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indicating the predetermined section, wherein

the monitoring region setting unit enlarges the
monitoring region in the predetermined section based on the
traveling position measured by the position measuring unit

and the positional information stored in the storage.



