DESCRIPTION

RAILWAY TRACK IDENTIFICATION DEVICE

FIELD
[0001] Embodiments of the present invention relate to railway track identification

devices.

BACKGROUND

[0002] Conventionally, for inspecting a railway track or detecting an obstruction (a
remarkable object) on the railway track during driving of a railway vehicle, various
techniques have been considered, in which a railway track (or a region where the railway
track is seen) is detected from a captured image acquired by capturing an image of a region

lying in a traveling direction of the railway vehicle.
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0004] In the conventional technique described above, it is required to detect the railway
track more accurately from captured images. In particular, in a case where there is a branch
track branching off from a railway track on which a railway vehicle is traveling, it is
further meaningful that the branch track is able to be accurately detected from captured

images.

Means for Solving Problem



[0005] A railway track identification device according to an embodiment includes an
image acquisition unit, a railway track detection unit, a branch track detection unit, and a
railway track detection result output unit. The image acquisition unit acquires a captured
image acquired by capturing an image of a region lying in a traveling direction of a railway
vehicle. The railway track detection unit detects, for each of a plurality of groups of
pixels in the captured image, a railway track on a basis of a feature, the feature being based
on a predetermined standard and being possible to be a criterion representing similarity to a
railway track. The branch track detection unit detects whether there is a branch track
branching off from the railway track being detected. The railway track detection result
output unit outputs the results of the detection obtained from the railway track detection

unit and the branch track detection unit.

BRIEF DESCRIPTION OF DRAWINGS
[0006] FIG. 1 is an exemplary schematic view illustrating a configuration of a vehicle
system including a railway track identification device according to a first embodiment.

FIG. 2 is an exemplary schematic block diagram illustrating functionality of the
vehicle system including the railway track identification device according to the first
embodiment.

FIG. 3 is an exemplary schematic view illustrating an initial area to be set for
detecting a railway track, in the first embodiment.

FIG. 4 is an exemplary schematic view for explaining an example of detecting, on
the basis of a railway track detected in the initial area, (a part of) the railway track from
each of subsequent areas of the initial area, in the first embodiment.

FIG. 5 is an exemplary schematic view of a fan-shaped search region used to
detect (a part of) the railway track from each of the subsequent areas of the initial area, in
the first embodiment.

FIG. 6 is an exemplary schematic view for explaining a method of using a fan-

shaped search region to search for (a part of) a railway track, in the first embodiment.



FIG. 7 is an exemplary schematic view for explaining a fan-shaped search region
when searching for a branch position of a branch track, in the first embodiment.

FIG. 8 is an exemplary schematic view for explaining a state where a line segment
intersecting a railway track being previously detected is detected, in the first embodiment.

FIG. 9 is an exemplary schematic view for explaining an example of setting a
search range for a branch track serving as a search target, on the basis of the line segment
being detected, in the first embodiment.

FIG. 10 is an exemplary schematic view for further describing adding a search
margin to the search range being set in FIG. 9 for a branch track, in the first embodiment.

FIG. 11 is an exemplary schematic view for explaining how a fan-shaped search
region is used to search for a branch track in the search area being set for a branch track, in
the first embodiment.

FIG. 12 is an exemplary schematic view for explaining, to use Hough transform to
detect a branch track, a search area for a branch track, which is set on the basis of the
search margin set in FIG. 10, in the first embodiment.

FIG. 13 is an exemplary schematic flowchart illustrating a flow of processing of
detecting a railway track and detecting an obstruction, in the first embodiment.

FIG. 14 is an exemplary flowchart illustrating in detail a flow of processing of
acquiring a position of a railway track, at S102 in the flowchart in FIG. 13.

FIG. 15 is an exemplary flowchart illustrating in detail a flow of processing of
searching for a branch position of a railway track, at S126 in the flowchart in FIG. 14.

FIG. 16 is an exemplary schematic block diagram illustrating functionality of a
vehicle system including a railway track identification device according to a second
embodiment.

FIG. 17A is an exemplary schematic view for explaining branch information
utilized in the railway track identification device according to the second embodiment.

FIG. 17B is an exemplary view for explaining the branch information used in the

railway track identification device according to the second embodiment.



FIG. 18 is an exemplary flowchart illustrating a flow of processing of detecting a

railway track and detecting an obstruction, in the second embodiment.

DETAILED DESCRIPTION
[0007] Embodiments will now be described hereinbelow with reference to the
accompanying drawings. Configurations of the embodiments described below, and
actions and results (effects) brought by the configurations are mere examples. The
present invention is thus not limited to contents described below.
[0008] <First Embodiment>

A configuration of a first embodiment will first be described.
[0009] FIG. 1 is an exemplary schematic view illustrating a configuration of a vehicle
system 100 including a railway track identification device 10 according to the first
embodiment. As illustrated in FIG. 1, the vehicle system 100 is mounted on a railway
vehicle RV that travels, in a direction D, on a railway track R including a pair of rails.
[0010] As illustrated in FIG. 1, the vehicle system 100 further includes, in addition to the
railway track identification device 10, a camera 12 serving as an imaging unit, a display
unit 14, and an obstruction detection device 16.
[0011] The camera 12 is provided at an end (for example, a driver's seat) of the railway
vehicle RV to capture an image of a region lying in a traveling direction of the railway
vehicle RV. In a captured image acquired by the camera 12, the railway track R is
photographed.
[0012] The display unit 14 represents a device that displays each of various images.
The display unit 14 is provided at or around the driver's seat of the railway vehicle RV, for
example.
[0013] The railway track identification device 10 is, for example, a computer including
hardware such as a processor and a memory.
[0014] By the way, conventionally, for inspecting the railway track R and detecting an

obstruction (a remarkable object) on the railway track R during traveling of the railway



vehicle RV, various techniques, in which the railway track R (or a region where the
railway track R is seen) is detected from a captured image acquired by capturing an image
of'a region lying in the traveling direction of the railway vehicle RV, have been
considered. In the conventional technique, it has been required to more accurately detect
the railway track R from a captured image. In a case where there is a branch track
branching off from a railway track on which the railway vehicle RV is traveling, it is
possible to acquire more practicable system through accurately detecting the branch track
from a captured image.

[0015] To this end, the first embodiment achieves, by allowing the railway track
identification device 10 to have such functionality as described below to detect a branch
position and a branch track from a captured image, more accurately detecting the railway
track R serving as a branch destination, on which the vehicle itself (the railway vehicle
RV) should travel.

[0016] FIG. 2 is an exemplary schematic block diagram illustrating functionality of the
railway track identification device 10 and the obstruction detection device 16 according to
the first embodiment. As illustrated in FIG. 2, the railway track identification device 10
includes an image acquisition unit 10a, a feature acquisition unit 10b, a railway track
detection unit 10c, a branch track detection unit 10d (a branch detection unit), and a
storage unit 10e, for example. The obstruction-detection device 16 includes a
determination region identification unit 16a, an obstruction detection unit 16b, an output
control unit 16¢, and a storage unit 16d, for example.

[0017] A group of functional modules including the image acquisition unit 10a, the
feature acquisition unit 10b, the railway track detection unit 10c, and the branch track
detection unit 10d is partially or wholly implemented by collaboration between hardware
and software. More specifically, each of the functional modules is implemented by that
the processor in the railway track identification device 10 reads and executes a computer
program stored in the memory such as the storage unit 10e. Similarly, a group of

functional modules including the determination region identification unit 16a, the



obstruction detection unit 16b, and the output control unit 16¢ is partially or wholly
implemented by collaboration between hardware and software. More specifically, as a
processor in the obstruction detection device 16 reads and executes a computer program
stored in a memory such as the storage unit 16d, each of the functional modules is
implemented. Note that, in the first embodiment, the group of functional modules may be
partially or wholly implemented with dedicated hardware (a circuit).

[0018] The storage unit 10e in the railway track identification device 10 and the storage
unit 16d in the obstruction detection device 16 are each implemented with a volatile or
non-volatile storage medium of various types including memories. The storage unit 10e
stores the computer program described above that is executed by the processor of the
railway track identification device 10, and railway track information 10f (including, for
example, information of detected railway tracks, information of widths of railway tracks,
information of initial areas, and information of positions of railway tracks) used to detect
the railway track R in accordance with the computer program. The storage unit 16d
stores the computer program described above that the processor of the obstruction
detection device 16 executes, and obstruction information 16e (including, for example,
information of shapes of obstructions that are possibly present on a railway track
(information of objects that need to be watched), such as persons, animals, fallen trees, and
vehicles) used to detect an obstruction in accordance with the computer program.

[0019] In the present embodiment, the railway track R is to be detected, for each of a
plurality of groups of pixels (search areas) in an image captured by the camera 12, on the
basis of a feature based on a predetermined standard. The feature can be a criterion
representing similarity to a railway track.

[0020] The image acquisition unit 10a acquires a captured image captured by the camera
12.  The captured image is, for example, a color image. The image acquisition unit 10a
can perform viewpoint conversion processing, for example, on the acquired, captured
image to generate a bird's-eye view image from which a region captured by the camera 12

can be seen in a panoramic manner from above.



[0021] The feature acquisition unit 10b acquires a feature to be focused on for accurately
detecting the railway track R, in accordance with a situation such as an imaging
environment where an image (a bird's-eye view image) is to be captured, or a part of the
railway track R serving as a detection target.

[0022] Appearance of the railway track R in a captured image varies depending on an
imaging environment (for example, brightness in a peripheral region). For example, there
is a case where a region corresponding to the railway track R is photographed brighter than
a peripheral region. In such a case, it can be deemed that the image has been acquired in
such an imaging environment where the railway track R easily reflects light. Insucha
case, for example, such a method is effective that a brightness value itself is focused on as
a feature to detect the railway track R.  Since the region corresponding to the railway
track R has been photographed relatively brighter than other regions, acquiring feature data
acquired by dividing (binarizing) a whole image prepared as a bird's-eye view image into:
regions where a brightness value is equal to or above a threshold value; and regions where
a brightness value is below the threshold value allows the region corresponding to the
railway track R to be accurately detected. In this case, the method is useful because a
single target is to be focused on as a feature, achieving robustness against noise, as well as
achieving easy application to a railway track detection algorithm that utilizes an already-
existing line segment detection algorithm such as Hough transform and random sample
consensus (RANSAC).

[0023] On the other hand, a region corresponding to the railway track R might be
photographed darker than a peripheral region. In such a case, it can be deemed that the
image has been acquired in such an imaging environment where the railway track R rarely
reflects light. In this case, such a method is effective that a gradient of brightness values
(a difference in brightness value between a pixel to be focused on and a pixel adjacent to
the pixel to be focused on) is focused on as a feature to detect the railway track R.  Note
that a gradient of brightness values can be calculated with a SOBEL filter, a Laplacian

filter, a Robinson filter, or a Canny filter, for example.



[0024] By the way, since the railway track R often extends, in a viewpoint of the camera
12, from a near side to a far side, a gradient in a direction along a horizontal axis (an x
axis) of brightness values is normally focused on as a feature. On the other hand, in a
case where regions corresponding to the railway track R render a curve at a middle point
from the near side to the far side, in the viewpoint of the camera 12, a gradient in a
direction along a vertical axis (a y axis) of brightness values becomes greater, in regions on
the far side, than a gradient in the direction along the horizontal axis of brightness value.
To this end, in such an imaging environment where a region corresponding to the railway
track R is photographed darker than a peripheral region, such a method is effective that
both of a gradient in the direction along the horizontal axis and a gradient in the direction
along the vertical axis of brightness values are focused on as features, and the gradients
one of which is to be focused on are switched in accordance with an area (a group of
pixels) serving as a detection target to acquire feature data. The method is useful
because, even though an increase in number of targets to be focused on as features possibly
increases noise, the railway track R that is curving can still be appropriately detected in
accordance with a direction in which the railway track R is extending.

[0025] As described above, a feature that should be focused on to accurately detect the
railway track R variously varies depending on a situation such as an imaging environment
where an image (a bird's-eye view image) is to be captured, and a part of the railway track
R serving as a detection target. Therefore, to accurately detect the railway track R from
any kinds of captured images (bird's-eye view images), it is sufficient that a feature used to
detect the railway track R be appropriately switched in accordance with a situation.

[0026] The feature acquisition unit 10b acquires, for each of a plurality of groups of
pixels (areas) that a bird's-eye view image generated by the image acquisition unit 10a is
divided in the y axis direction (the far side and an upper side of the image), on the basis of
a predetermined standard, one of a plurality of features used to detect the railway track R,
which can be a criterion representing similarity to a railway track. Then, from each of the

areas, feature data based on the one acquired feature is acquired.



[0027] The railway track detection unit 10c detects the railway track R from the captured
image (the bird's-eye view image) on the basis of the feature data acquired by the feature
acquisition unit 10b.

[0028] The railway track detection unit 10c sequentially repeats, as illustrated in FIG. 3,
after a part of the railway track R (a rail 301L and a rail 301R) has been detected from an
initial area A1 serving as a first detection target, among the groups of pixels (areas)
included in an image 300, processing of further detecting another part of the railway track
R from a next area based on the part of the railway track R, which has been detected, to
detect the railway track R from the whole captured image (the bird's-eye view image).
Then, the feature acquisition unit 10b uses, each time the railway track detection unit 10c
detects a part of the railway track R, as the predetermined standard described above, at
least information regarding the part of the railway track R, which is already detected by the
railway track detection unit 10c, to acquire one feature corresponding to the next area.
Note that, in FIG. 3 and other drawings, a captured image is used to describe an outline of
the present embodiment, for ease of understanding. Note that, even when a captured
image is converted into a bird's-eye view image to detect a railway track, converting again
an acquired position of a railway track into a position on the original, captured image
allows to acquire an image from which a railway track is to be detected, similar to FIG. 3
and other drawings.

[0029] The feature acquisition unit 10b selects one feature corresponding to the next area
by using, as the predetermined standard described above, an image statistics amount
regarding brightness in a captured image (a bird's-eye view image) corresponding to the
part of the railway track R, which is already detected by the railway track detection unit
10c. The image statistics amount regarding brightness refers to, for example, an average
brightness value. Focusing on the average brightness value of the part of the railway
track R, which is already detected, it is possible to determine whether a bird's-eye view
image as a processing target is based on a captured image acquired in an imaging

environment where the railway track R easily reflects light or based on a captured image



acquired in an imaging environment where the railway track R rarely reflects light.

[0030] For example, it can be said that, in a case where an average brightness value in an
image in which a part of the railway track R, which is already detected, is captured is equal
to or above a threshold value, a region corresponding to the part of the railway track R be
photographed brighter than other regions in the captured image (the bird's-eye view
image). Insuch a case, as described above, it is effective that a brightness value itself be
focused on as a feature corresponding to a next area. On the other hand, it can be said
that, in a case where an average brightness value in an image in which a part of the railway
track R, which is already detected, is captured is below the threshold value, a region
corresponding to the part of the railway track R be photographed darker than other regions
in the captured image (the bird's-eye view image). In such a case, it is effective, as
described above, that a gradient of brightness values be focused on as a feature
corresponding to a next area. Therefore, the feature acquisition unit 10b determines
which of a brightness value itself and a gradient of brightness values should be selected as
a feature in a next area, in accordance with a magnitude relation between an average
brightness value in an image in which a part of the railway track R, which is already
detected, is captured and the threshold value.

[0031] Note that, as described above, there are two gradients of brightness values, each
serving as a feature, which are a gradient in the direction along the horizontal axis and a
gradient in the direction along the vertical axis. One of the two gradients is determined as
being appropriate, depending on whether the railway track R is curved, for example. To
this end, the feature acquisition unit 10b determines, on the basis of an angle of a part of
the railway track R, which is already detected by the railway track detection unit 10c, (a
direction in which the part of the railway track R extends), which of a gradient in the
direction along the horizontal axis of brightness values and a gradient in the direction along
the vertical axis of brightness values should be selected as one feature used to detect
another part of the railway track R from a next area.

[0032] By the way, since the initial area A1 represents an area serving as a first detection
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target, no such immediately previous result that should be referred to, as described above,
is present. Therefore, to detect a part of the railway track R from the initial area Al, a
past (for example, one frame previous) result of detection of the railway track R from a
captured image (a bird's-eye view image) is used. That is, the image acquisition unit 10a
acquires captured images a plurality of times, as the railway vehicle RV travels. Then,
the feature acquisition unit 10b uses, to select one feature corresponding to the initial area
Al in a captured image (a bird's-eye view image) acquired at one timing, the
predetermined standard for selecting the one feature. In this case, the predetermined
standard refers to at least information regarding a part of the railway track R, which is
detected from the initial area Al in a bird's-eye view image acquired at an earlier timing
than the one timing (in a bird's-eye view image based on a one-frame-previous captured
image) (for example, an image statistics amount such as an average brightness value
described above). Note that it is regarded that information regarding the railway track R
detected on the basis of a one-frame-previous captured image is stored, as the railway track
information 10f, in the storage unit 10e.

[0033] Methods of detecting (a part of) the railway track R from each of areas in a
captured image (a bird's-eye view image) will be described herein. A method of detecting
(a part of) the railway track R from the initial area A1l will first be described. As
described above, the initial area Al is set at a position determined beforehand, as a region
serving as a starting point for detecting the railway track R.  The position of the initial
area Al is stored beforehand, as the railway track information 10f; in the storage unit 10e.
The railway track detection unit 10c first refers to the railway track information 10f in the
storage unit 10e to extract data of a region corresponding to the initial area Al from feature
data acquired on the basis of a feature selected with the method described above. Then,
the railway track detection unit 10c executes processing, on the basis of a line segment
detection algorithm such as Hough transform or RANSAC, on the extracted data to extract
candidates of (a part of) the railway track R, which is present in the initial area A1. Note

that a width between the pair of rails 301L and 301R configuring the railway track R that is
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regarded as regular is specified beforehand. Therefore, acquiring information regarding
the width between the pair of rails 301L and 301R configuring the railway track R that is
regarded as regular allows to identify (a part of) the railway track R that is regarded as
regular from the candidates extracted as described above. To this end, in the present
embodiment, the width between the pair of rails 301L and 301R configuring the railway
track R may be stored beforehand, as the railway track information 10f, in the storage unit
10e.

[0034] Then, the railway track detection unit 10c refers to a width of a railway track,
which is presented in the railway track information 10f, and further extracts, from the
candidates extracted as described above, candidates each having a width that matches with
the width of the railway track, which is presented in the railway track information 10f, to
identify (detect) the railway track R that is regarded as regular. Then, the railway track
detection unit 10c causes the storage unit 10e to store, as information of positions of
railway tracks, a plurality of coordinate points configuring the railway track R that has
been identified. For example, in the example illustrated in FIG. 4, coordinate points L1,
R1, L2, and R2 lying on the railway track R (rails 401L and 401R) are stored in the storage
unit 10e.

[0035] Next, a method of detecting (a part of) the railway track R from areas subsequent
from the initial area A1 will be described.

[0036] FIGS. 5 and 6 are exemplary schematic views for explaining an outline of the
method of detecting (a part of) the railway track R from areas subsequent from the initial
area Al. In the example illustrated in FIG. 5, it is regarded that the coordinate points L1
and L2 are detected as parts of the railway track R through immediately previous
processing. The railway track detection unit 10c first sets, as illustrated in FIG. 5, a
predetermined fan-shaped region on the basis of the two coordinate points being detected
most recently. The fan-shaped region refers to a region partitioned by a virtual line VR
and a virtual line VL both extending from the coordinate point L2 lying opposite in

position to the initial area A1, among the two coordinate points L1 and L2 being detected
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most recently, and respectively expanding rightward and leftward each identically at an
angle 0 around a straight line L coupling the two coordinate points L1 and L2. Note that
the angle O represents an angle set beforehand, as well as represents an angle whose range
covers a range having a maximum curvature specified in standards for the railway track R,
for example. Each of lengths of the virtual line VR and the virtual line VL corresponds a
length set beforehand.

[0037] With the fan-shaped region that is set as described above, the railway track
detection unit 10c sets, as illustrated in FIG. 6, a plurality of line segments
comprehensively coupling desired locations on an upper end of the fan-shaped region and
the coordinate point L2 serving as a starting point (a pivot) of the fan-shaped region. The
line segments are regarded as candidates of (a part of) the railway track R.

[0038] Then, the railway track detection unit 10c applies the candidates being set as
described above on a bird's-eye view image, and identifies (detects), from among the
candidates, one where a feature selected by the feature acquisition unit 10b corresponds to
a largest average value, as (a part of) the railway track R that is regarded as regular.

[0039] By the way, the two coordinate points illustrated in FIG. 5 are ones lying along
one of the pair of rails 301L and 301R configuring the railway track R, for example, the
rail 301L. Two coordinate points actually lying along the other rail 301R are already
detected. Therefore, the railway track detection unit 10c identifies (detects) the other rail
301R, as the railway track R that is regarded as regular, with a method similar to the
method described above.

[0040] The railway track detection unit 10c wholly detects, as the procedure described
above is sequentially repeated, the railway track R (the rails 401L and 401R) from all
regions of an image 400 (a captured image; a bird's-eye view image) illustrated in FIG. 4.
Then, information regarding (whole of) the railway track R being detected is stored, as
information of detected railway tracks, in the storage unit 10e. Note that, as the method
of detecting the railway track R, such an example has been described above that, as

illustrated in FIG. 6, sets a plurality of line segments (candidates of railway track, which
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are illustrated as straight lines) in a fan-shaped region, and identifies, as (a part of) the
railway track R that is regarded as regular, one where a feature corresponds to a largest
average value. In another example, a plurality of candidates of railway track, which are
illustrated as parabolic lines, may be set in a fan-shaped region to identify, as (a part of) the
railway track R that is regarded as regular, one where a feature corresponds to a largest
average value. In this case, a search for the railway track R is to be executed among
candidates of railway track, each of which has a shape more similar to a shape of the actual
railway track R.  As a result, the railway track R can more accurately be detected. On
the other hand, setting line segments (straight lines) as candidates of railway track to
execute a search, as described above, can contribute to reduced processing burdens and a
shortened processing time, for example.

[0041] Now back to FIG. 2, the branch track detection unit 10d detects whether there is a
branch track branching off from the railway track R detected by the railway track detection
unit 10c. For example, the railway track detection unit 10c divides a captured image (a
bird's-eye view image) into a plurality of areas from the near side toward the far side, and
identifies (detects), for each of the areas, a feature corresponding to a largest average
value, as (a part of) a regular track R.  As a result, in a case where a branch track SR (a
rail 402L and a rail 402R) is present at a middle point of the railway track R, as illustrated
in FIG. 4, the branch track SR cannot sometimes be detected if a position from which the
branch starts and a position at which the area is divided do not match with each other.
[0042] To this end, the branch track detection unit 10d identifies the branch position of
the branch track SR on the railway track R being detected, and further detects, on the basis
of the branch position, the branch track SR extending from the branch position.

[0043] The branch track detection unit 10d sets, as illustrated in FIG. 7, a fan-shaped
search region that is similar to the fan-shaped region (the search region) described in FIG.
6, around a point (for example, feature data such as a coordinate point LA and a coordinate
point LB) that is included in an image 700, and that configures the railway track R detected

by the railway track detection unit 10c. In FIG. 7, an example of setting a search region
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for one of a pair of a rail 701L and a rail 701R, that is, the rail 701L is illustrated. Then,
it is determined whether there is a line segment coupling the railway track R (the pair of
rails 701L and 701R) in a group of line segments (candidates of branch track) included in
the fan-shaped search region (crossing line segments and intersecting line segments). For
example, a line segment where an average value of features is equal to or above a certain
value is to be detected. Note that, in this case, as an average value of features, which is
equal to or above the certain value, an average value of features of the railway track R
detected by the railway track detection unit 10c can be used.

[0044] FIG. 8 illustrates a state where, as a result of a search for line segments
(candidates of branch track) in a fan-shaped search region, a (crossing) line segment 801 (a
line segment LB-RA) coupling the railway track R (the rail 701L and the rail 701R) is
detected. In an example of FIG. 8, the line segment 801 is detected when a fan-shaped
search region is set by using the coordinate point LB on the rail 701L as a base point for
search. The branch track detection unit 10d acquires the line segment 801, that is, an
intersection between the branch track SR and the railway track R detected by the railway
track detection unit 10c, as a branch position of the branch track SR.  Then, the branch
track detection unit 10d can accurately execute a search for the branch track SR, on the
basis of the branch position. Note that, in another example, a plurality of candidates of
branch track, which are illustrated as parabolic lines, may be set in a fan-shaped region to
regard one where a feature corresponds to a largest average value as (a part of) the branch
track SR coupling (crossing) the railway track R (the rail 701L and the rail 701R). In this
case, a search for the branch track SR is executed among candidates of branch track, each
of which has a shape more similar to a shape of an actual branch track. As a result, (a
part of) the branch track SR can more accurately be detected. On the other hand, setting
line segments (straight lines) as candidates of branch track to execute a search, as
described above, can contribute to reduced processing burdens and a shortened processing
time, for example.

[0045] The branch track detection unit 10d sets a new search region to search for the
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branch track SR on the basis of an intersection (in FIG. 8, a coordinate point RA) that is
present on the far side (the upper side of an image 800), among intersections between the
line segment 801 being detected and the railway track R. In this case, the branch track
detection unit 10d first utilizes, as illustrated in an image 900 in FIG. 9, a length of the line
segment 801 (the line segment LB-RA) to set a line segment 901 having the same length,
in a direction in which the rail 701R being detected by the railway track detection unit 10c
extends. In this case, as illustrated in FIG. 9 and other drawings, as for the branch track
SR to be searched for, due to its nature, one of rails of the branch track SR crosses the
railway track R, but another one of the rails does not cross the railway track R.

Therefore, the other one of the rails of the branch track SR, which does not cross the
railway track R, is present on the near side of the image 900, that is, closer than the one of
the rails of the branch track SR, which crosses the railway track R.  Therefore, the line
segment 901 defining the search region is set to extend, from the coordinate point RA,
along the rail 701R, to the near side of the image 900. Then, an end of the line segment
901 1s designated as a coordinate point RB.

[0046] Furthermore, as illustrated in an image 1000 in FIG. 10, in order to expand the
search range on the far side by an amount corresponding to a predetermined length (for
example, 1/2 of a length of) of the line segment 901, the branch track detection unit 10d
sets a coordinate point RC from a position of the coordinate point RA along the rail 701R
detected by the railway track detection unit 10c, toward the far side (the upper side of the
image 1000) so as to add a margin to the search range for the branch track SR.  Similarly,
a coordinate point RD is set, from a position of the coordinate point RB toward the near
side (a lower side of the image 1000) along the rail 701R so as to expand the search range
on the near side by an amount corresponding to the predetermined length (for example, 1/2
of the length of) of the line segment 901. That is, a line segment RC-RD is defined as a
search range for the branch track SR.

[0047] Upon determination of the search range (the line segment RC-RD) for the branch

track SR, the branch track detection unit 10d sets, as illustrated in an image 1100 in FIG.
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11, fan-shaped search regions S each similar to the fan-shaped region (the search region)
described with reference to FIG. 6. That is, the branch track detection unit 10d can use,
as a pivot, a branch position of the branch track SR to set each of the fan-shaped search
regions S to detect a part of the branch track SR (rails 1101R and 1101L). Then, on a
group of line segments (candidates of branch track) included in each of the fan-shaped
search regions S, a line segment where an average value of features is equal to or above the
certain value is detected. In this case, an angle (see 0 in FIG. 5) of each of the fan-shaped
search regions S for the branch track SR, in which the detected branch position serves as
the starting point, can be set to be an angle covering a range of a maximum curvature that
the branch track SR, which is specified for the branch track SR, is able to take on the basis
of (around) the line segment 801 (an angle and a posture of the line segment 801). In this
case, a search limited in a direction in which the target branch track SR to be searched for
can be present becomes possible, efficiently detecting the branch track SR.  When
detecting the branch track SR on the basis of a group of line segments (candidates of
branch track) included in each of the fan-shaped search regions S, a line segment where an
average value of features is equal to or above the certain value is detected. In this case,
however, the branch track detection unit 10d may utilize a degree of similarity to the
railway track R detected by the railway track detection unit 10c. The railway track R
detected by the railway track detection unit 10c and the branch track SR that the branch
track detection unit 10d is about to detect are coupled with each other. Therefore, it is
conceivable that features of the railway track R and the branch track SR in the image 1100
have many similarities. As described above, use of a degree of similarity (similar feature)
to the railway track R can contribute to reduce processing burdens for detecting the branch
track SR, can narrow down a search standard, and can more accurately detect the branch
track SR.

[0048] As illustrated in FIG. 11, when the branch track detection unit 10d executes a
search in each of the fan-shaped search regions S, and detects an initial branch part of the

branch track SR, the railway track detection unit 10c executes processing of detecting (a
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part of) the railway track R in areas subsequent from the initial area Al, as described with
reference to FIG. 4. As a result, the branch track SR can wholly be detected. The
branch track detection unit 10d further executes branch track detection processing of
detecting a branch track for the railway track R (the branch track SR) detected by the
railway track detection unit 10c. That is, the branch track detection processing is
repeatedly executed on all branch positions to be detected. As a result, all the branch
tracks SR that are present in a captured image (a bird's-eye view image, such as the image
1100) serving as a present processing target can be accurately detected.

[0049] In the embodiment described above, such an example has been described that the
branch track detection unit 10d uses such a fan-shaped search region as illustrated in FIGS.
5 and 6 to execute detection for a line segment indicative of (a part of) the branch track SR.
In another example, another method such as Hough transform may be used to detect a line
segment indicative of (a part of) the branch track SR. In this case, a search region can be
set, as illustrated in FIG. 12, on the basis of a search range (the line segment RC-RD)
added with a margin as described in FIG. 10. For example, as for the branch track SR
photographed in an image 1200, an intersection on an upper end of the line segment 801
detected by the branch track detection unit 10d is present closer to a right side than an
intersection on a lower end. That is, the branch track SR is supposed to be curved and
branched rightward. In this case, the branch track detection unit 10d adds, for example,
to either the coordinate point RC or the coordinate point RD, whichever is present closer to
the right side (for example, the coordinate point RD) a predetermined length (that is set
beforehand through experiments, for example) in an x direction (rightward) of the image
1200 to set a coordinate point RE. Then, a coordinate point RF is set at a position of an x
coordinate, identically to the coordinate point RE, and a y coordinate, identically to the
coordinate point RC. Then, the coordinate points RC, RD, RE, and RF form a region P
serving as a detection region when Hough transform is to be executed. As described
above, setting the region P allows to efficiently execute Hough transform on a region

where the branch track SR is supposed to be present.
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[0050] Now back to FIG. 2, the obstruction detection device 16 detects whether there is
an obstruction on the railway track R detected by the railway track identification device 10,
the obstruction needing to be watched (a remarkable object) when the railway vehicle RV
travels on the railway track R, and causes the display unit 14, for example, to display a
result of detection.

[0051] The determination region identification unit 16a identifies, on the basis of a result
of detection by the railway track detection unit 10c and a result of detection by the branch
track detection unit 10d, regions around the railway track R within the captured image, as
determination regions serving as targets for identifying whether an obstruction (a
remarkable object) is present. Therefore, the railway track detection unit 10c and the
branch track detection unit 10d function as railway track detection result output units that
output respective results of detection to the obstruction detection device 16.

[0052] The obstruction detection unit 16b monitors (detects) whether a remarkable object
is present in the determination regions identified by the determination region identification
unit 16a. Information (a template) used for determining whether there is a remarkable
object is stored, as the obstruction information 16e, in the storage unit 16d. The
obstruction detection unit 16b determines, on the basis of the obstruction information 16e
and the feature data detected by the feature acquisition unit 10b, whether a group of pixels,
which match with the template of one of obstructions (objects that need to be watched), are
present in the determination regions.

[0053] Then, when the obstruction detection unit 16b determines that an obstruction (a
remarkable object) is present, the output control unit 16¢ reads out, from the obstruction
information 16e, an image indicative of a remarkable object be watched (a mark, an icon, a
symbol, or a character, for example), which corresponds to the obstruction. Then, the
output control unit 16¢ executes, for example, processing of displaying in a superimposed
manner the image indicative of the object that needs to be watched at a corresponding
position on the image (the actual image in which the railway track R and the branch track

SR, for example, are photographed) displayed on the display unit 14 to output a warning.
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Note that, in this case, a voice or an alarm may be output in addition to the warning.
[0054] Operation of the vehicle system 100 including the railway track identification
device 10 configured as described above will be described with reference to the flowcharts
in FIGS. 13 to 15.

[0055] FIG. 13 is an exemplary flowchart illustrating an overall flow of processing to be
executed by the vehicle system 100 including the railway track identification device 10
according to the first embodiment. The processing flow illustrated in FIG. 13 is to be
repeatedly executed while the railway vehicle RV is traveling.

[0056] In the processing flow illustrated in FIG. 13, the image acquisition unit 10a of the
railway track identification device 10 first acquires, at S100, a captured image from the
camera 12. Note that the image acquisition unit 10a converts the acquired captured image
into a bird's-eye view image.

[0057] Then, at S102, the railway track identification device 10 causes the feature
acquisition unit 10b, the railway track detection unit 10c, and the branch track detection
unit 10d to execute the processing described with reference to FIGS. 3 to 11 (FIG. 12) to
detect the railway track R and the branch track SR, that is, to acquire positions of railway
tracks.

[0058] Specifically, as illustrated in the flowchart in FIG. 14, at S120, the feature
acquisition unit 10b acquires a feature of the railway track R, which represents similarity to
a railway track at pixels in the bird's-eye view image serving as a search target. For
example, FIG. 3 illustrates an example of calculating edge strength in an image (a bird's-
eye view image) in which a scene in front of the railway vehicle RV is captured.

[0059] Next, at S122, the railway track detection unit 10c detects, as described in FIG. 3,
a part of the railway track R (the rails 301L and 301R) on which the vehicle itself (the
railway vehicle RV) travels, from the initial area A1 serving as a first detection target, in a
plurality of groups of pixels (areas) included in the image 300. Note that, as another
implementation example, in a region on the near side of the image 300, a shape of the

railway track R on which the railway vehicle RV travels can be limited. To this end, the
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storage unit 10e may be caused to store beforehand, as the railway track information 10f, a
shape pattern of the railway track R.  Processing of performing matching with the shape
pattern may then be executed to detect the railway track R seen on the near side of the
image 300 (the railway track R in the initial area Al).

[0060] Then, at S124, the railway track detection unit 10c uses the method described with
reference to FIGS. 4 to 6 to sequentially execute, on the basis of the initial position of the
railway track R, which has been detected at S122, a search for (detection for) the railway
track R, from the near side (the lower side) to the far side (the upper side) of the image
400.

[0061] Next, at S126, the branch track detection unit 10d executes, with respect to the
railway track R detected at S124, in accordance with the procedure described with
reference to FIGS. 7 to 11 (FIG. 12), detection for the branch track SR (a position of the
branch track SR; a branch position).

[0062] The processing at S126 will be described with reference to the flowchart in FIG.
15. The branch track detection unit 10d first uses, at S130, as described in FIG. 7, a fan-
shaped search region to execute a search for an inter-railway track line segment (the line
segment 801 in FIG. 8). Note that, during a search for an inter-railway track line
segment, a plurality of line segments may be detected. In this case, for example, branch
positions of railway tracks are supposed to lie adjacent to each other. In this case, it is
sufficient that processing described in steps below be executed per the detected inter-
railway track line segments.

[0063] Next, at S132, the branch track detection unit 10d determines, on the basis of the
inter-railway track line segment (the line segment 801) detected at S130, a search range (a
region) for the branch track SR, as described in FIGS. 9 and 10 (or FIG. 12).

[0064] Then, at S134, as described with FIG. 11, the branch track detection unit 10d
executes a search in a fan-shaped search region by using candidates of branch track with
respect to the search range (the region) for the branch track SR determined at S132, and

detects (a part of) the branch track SR that matches with one of the candidates of branch
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track.

[0065] Now back to the flowchart in FIG. 14, at S128, the railway track detection unit
10c and the branch track detection unit 10d determine whether end conditions for detecting
the railway track R and the branch track SR are satisfied. It is conceivable that the end
conditions include that, for example, the number of times the railway track detection unit
10c and the branch track detection unit 10d have repeated the detection processing is equal
to or above a predetermined number, and an end of (a part of) the railway track R, which
has been identified last time by the railway track detection unit 10c, lies closer to the upper
end than a predetermined position in a bird's-eye view image.

[0066] At S128, when it is determined that the end conditions have not yet been satisfied
(No at S128), (a part of) the railway track R remains undetected. Therefore, in this case,
the processing returns to S124, and detection for (a part of) the railway track R or (a part
of) the branch track SR is further repeated from a next area.

[0067] On the other hand, at S128, when it is determined that the end conditions have
been satisfied (Yes at S128), (a part of) the railway track R or (a part of) the branch track
SR does not remain undetected. Therefore, in this case, it is determined that the detection
processing for the railway track R and the branch track SR on the present image (the bird's-
eye view image) has been completed. The railway track search processing then once
ends. Information regarding the railway track R and the branch track SR being detected
is stored in the storage unit 10e.

[0068] Now back to the flowchart in FIG. 13, after the railway track identification device
10 has completed detection of the railway track R and the branch track SR on the image
(the bird's-eye view image) serving as the present processing target, the determination
region identification unit 16a of the obstruction detection device 16 sets, at S104,
determination regions around the railway track R (the branch track SR), which serve as
targets for determining whether there is an obstruction (a remarkable object).

[0069] Then, at S106, the obstruction detection unit 16b of the obstruction detection

device 16 determines whether an obstruction is present in the determination regions
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identified at S104.
[0070] When it is determined that an obstruction is present, at S108, it is necessary that a
driver of the railway vehicle RV be notified that the obstruction is present to attract a
driver's attention. Therefore, in this case, at S108, the output control unit 16¢ of the
obstruction detection device 16 reads an image indicative of a remarkable object (a mark,
an icon, a symbol, or a character, for example), which corresponds to the obstruction, from
the obstruction information 16e, for example. Then, the output control unit 16¢ executes,
for example, processing of displaying in a superimposed manner the image indicative of
the object that needs to be watched at a corresponding position on the image (the actual
image in which the railway track R and the branch track SR, for example, are
photographed) displayed on the display unit 14 to output a warning. Then, the series of
the processing on the processing target image ends. Note that, when no obstruction is
found, it is not necessary to attract a driver's attention. Therefore, in this case, the display
unit 14 displays a present image (an actual image) captured by the camera 12.
[0071] As described above, with the vehicle system 100 according to the first
embodiment, the railway track identification device 10 executes accurate identification
(detection) regarding not only the railway track R on which the vehicle itself (the railway
vehicle RV) travels, but also the branch track SR branching off from the railway track R.
As a result, obstruction detection processing for the railway track R and the branch track
SR that are present in an image serving as a present processing target can be highly
accurately executed, achieving improved reliability and improved usability of the vehicle
system 100, for example.
[0072] <Second Embodiment>

In the first embodiment described above, such an example has been described
that, for an image (a bird's-eye view image) serving as a detection target, a whole range is
targeted for detection. As a result, detection failure can be reduced, achieving highly
reliable detection of the railway track R (the branch track SR), as well as achieving highly

reliable detection of an obstruction.
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[0073] By the way, the railway vehicle RV undergoes detailed operation control.
Therefore, the vehicle system 100 can acquire in advance information regarding a direction
in which the railway track R (the branch track SR) on which the railway vehicle itself will
travel heads for, among the railway tracks R (the branch tracks SR) photographed in an
image (a bird's-eye view image) serving as a detection target. To this end, the vehicle
system 100 limits, on the basis of a position and operation information of the vehicle itself
(the railway vehicle RV), for example, the railway track R (the branch track SR) on which
the vehicle itself (the railway vehicle RV) will travel, to execute the railway track
identification processing and the obstruction detection processing described in the first
embodiment. As a result, the vehicle system 100 can achieve more accurate railway track
identification processing and obstruction detection processing, as well as can further
achieve reduced processing burdens and a shortened processing time.

[0074] FIG. 16 is an exemplary schematic block diagram illustrating functionality of a
railway track identification device 10A and an obstruction detection device 16 according to
a second embodiment. Note that, as illustrated in FIG. 16, the railway track identification
device 10A according to the second embodiment can take a configuration identical to the
configuration of the railway track identification device 10 according to the first
embodiment illustrated in FIG. 2, except that a branch information acquisition unit 18 and
branch information 18a that the storage unit 10e stores are added. A configuration of the
obstruction detection device 16 according to the second embodiment is identical to the
configuration of the obstruction detection device 16 according to the first embodiment.
Therefore, in the second embodiment, like reference numerals designate components each
having a configuration and functionality substantially identical to the configuration and
functionality of each of the components of the first embodiment. Detailed descriptions of
the respective components are thus omitted. The vehicle system 100 according to the
second embodiment includes an operation information acquisition device 20.

[0075] The operation information acquisition device 20 can include such a device that

acquires an absolute position, such as a global navigation satellite system (GNSS) or a
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global positioning system (GPS). The operation information acquisition device 20 may
also include such a device that can acquire a travel distance, such as a tachogenerator (TG).
The operation information acquisition device 20 includes functional modules such as a
traveling direction acquisition unit 20a, a present position information acquisition unit 20b,
and a railway track information input unit 20c. The group of functional modules are
partially or wholly implemented by collaboration between hardware and software. For
example, each of the functional modules is implemented by that a processor of the
operation information acquisition device 20 reads and executes a computer program stored
in a memory such as a storage unit. In another example, the group of functional modules
may be partially or wholly implemented with dedicated hardware (a circuit).

[0076] The traveling direction acquisition unit 20a acquires information of the traveling
direction (inbound or outbound) of the vehicle itself (the railway vehicle RV). The
traveling direction may be acquired from a higher system, or may be acquired manually.
The present position information acquisition unit 20b acquires "working kilometers"
serving as guides indicative of particular positions set on the railway track R.  The
railway track information input unit 20c accepts an entry of railway track information.
[0077] The branch information 18a stored in the storage unit 10e of the railway track
identification device 10A represents a database indicating branch information and traveling
directions based on working kilometers, as illustrated in FIGS. 17A and 17B. FIGS. 17A
and 17B are exemplary schematic views illustrating an example of branches J and the
branch information 18a regarding the branches J. For example, in a case where two
branches J1 and J2 are present on the railway track R, as illustrated in FIG. 17A, the
branch information 18a is stored in the storage unit 10e as the branch information 18a in
such a table format as illustrated in FIG. 17B. The branch information 18a illustrated in
FIG. 17B stores a correspondence relation among "working kilometers" indicative of
positions of a point B1 where the branch J1 is present and a point B2 where the branch J2
is present, as information indicative of whether a branch (the branch track SR) is present, a

"number of routes" indicative of the number of the railway tracks R (the number of the
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branch tracks SR) branched at the branches J1 and J2, and information regarding the
traveling direction (a branch destination) indicative of that the railway vehicle RV selects
which route at the branches J1 and J2. Note that it is presumed that, as for the "number of
routes", the railway vehicle RV will travel in a direction of an arrow C1, in the example
illustrated in FIG. 17A. The "traveling direction" is determined on the basis of utility
information regarding utility of the railway track RL, and operation information such as an
operation diagram of the railway vehicle RV, for example. That is, the branch
information 18a varies depending on information acquired (entered) by the traveling
direction acquisition unit 20a and the railway track information input unit 20c, for
example.

[0078] The branch information acquisition unit 18 acquires, by referring the branch
information 18a, information about the branch tracks SR in an image (a bird's-eye view
image) serving as a present processing target (for example, information about branch
positions, the number of branches, and traveling directions) on the basis of information of a
present position of the railway vehicle RV, which is to be acquired by the operation
information acquisition device 20. The railway track detection unit 10c and the branch
track detection unit 10d of the railway track identification device 10A can limitedly
execute, on the basis of the information acquired by the branch information acquisition unit
18, railway track detection processing on the image (the bird's-eye view image) serving as
the processing target.

[0079] FIG. 18 is an exemplary flowchart illustrating a flow of processing to be executed
by the vehicle system 100 including the railway track identification device 10A according
to the second embodiment. Note that the flowchart is identical to the flowchart according
to the first embodiment illustrated in FIG. 13, except that the railway track detection
processing is executed, on the basis of information acquired by the branch information
acquisition unit 18, in a limited region on an image (a bird's-eye view image) serving as a
processing target. Like step numbers designate substantially identical processing

components. Detailed descriptions are thus omitted.
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[0080] In the processing flow illustrated in FIG. 18, the image acquisition unit 10a of the
railway track identification device 10A first acquires, at S100, a captured image from the
camera 12. Note that the image acquisition unit 10a converts the acquired, captured
image into a bird's-eye view image.

[0081] Then, at S102, the railway track identification device 10A follows the processing
flows in FIGS. 14 and 15 to cause the feature acquisition unit 10b, the railway track
detection unit 10c, and the branch track detection unit 10d to execute the processing
described with reference to FIGS. 3 to 11 (FIG. 12) to detect the railway track R and the
branch track SR, that is, to acquire a branch position of the branch track SR.

[0082] Next, at S200, the branch track detection unit 10d executes search processing for
the branch track SR in the direction that is acquired by the branch information acquisition
unit 18, and in which the vehicle itself (the railway vehicle RV) is scheduled to travel, to
acquire the branch track SR that is a branch destination. For example, in a case where
there are branches in three directions, searches for the branch track SR with respect to
regions where other railway tracks than the railway track on which the vehicle itself (the
railway vehicle RV) is scheduled to travel are possibly present are thus omitted. As a
result, a shortened processing time and reduced processing burdens with respect to a
processing target image can be achieved. Note that the branch track detection unit 10d
can limit, on the basis of branch information that the branch information acquisition unit
18 acquires, a region where a railway track on which the vehicle itself is scheduled to
travel is possibly present, for example, setting a reduced search range (the line segment
RC-RD), as described with reference to FIG. 10. In this respect, the present invention
also contributes to efficient detection processing and reduced burdens.

[0083] In a case where the branch track SR on which the vehicle itself (the railway
vehicle RV) is scheduled to travel is acquired (detected), at S200, the determination region
identification unit 16a of the obstruction detection device 16 sets, at S104, determination
regions around the branch track SR, which serve as targets for determining whether there is

an obstruction (a remarkable object). That is, a more limited range than the determination

27



regions in the first embodiment can be set.

[0084] Then, at S106, the obstruction detection unit 16b of the obstruction detection
device 16 determines whether an obstruction is present or not in the determination region
identified and limited at S104.

[0085] Ina case where it is determined that an obstruction is present, at S108, the output
control unit 16¢ executes, for example, processing of displaying in a superimposed manner
an image indicative of a remarkable object (a mark, an icon, a symbol, or a character, for
example) at a corresponding position on the image (the actual image in which the railway
track R and the branch track SR, for example, are photographed) displayed on the display
unit 14, for example, to output a warning. Then, the series of the processing on the
processing target image ends. Note that, in this case, a voice or an alarm may be output,
in addition to the warning. When no obstruction is found, it is not necessary to attract a
driver's attention. Therefore, in this case, the display unit 14 displays a present image (an
actual image) captured by the camera 12.

[0086] As described above, with the vehicle system 100 according to the second
embodiment, the railway track R (the branch track SR) on which the vehicle itself (the
railway vehicle RV) will travel can be limited on the basis of a position and operation
information, for example, of the vehicle itself (the railway vehicle RV) to execute the
railway track identification processing and the obstruction detection processing. Asa
result, more accurate railway track identification processing and obstruction detection
processing can be achieved, further achieving reduced processing burdens and a shortened
processing time.

[0087] Although the embodiments of the present invention have been described above,
the embodiments described above and their modification examples are mere examples, and
do not intend to limit the scope of the present invention. The embodiments described
above can be implemented in various aspects, and can be variously omitted, replaced, and
altered without departing from the gist of the present invention. The embodiments

described above and their modifications still fall within the scope and gist of the present
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invention, as well as still fall within the scope of the present invention described in the

claims and their equivalents.
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CLAIMS
1. A railway track identification device comprising:

an image acquisition unit configured to acquire a captured image acquired by
capturing an image of a region lying in a traveling direction of a railway vehicle;

a railway track detection unit configured to detect, for each of a plurality of
groups of pixels in the captured image, a railway track on a basis of a feature amount, the
feature being based on a predetermined standard and being possible to be a criterion
representing similarity to a railway track;

a branch track detection unit configured to detect whether there is a branch track
branching off from the railway track being detected; and

a railway track detection result output unit configured to output a result of
detection by the railway track detection unit and a result of detection by the branch track

detection unit.

2. The railway track identification device according to claim 1, wherein the branch
track detection unit acquires, as a branch position of the branch track, an intersection

between the branch track and the railway track detected by the railway track detection unit.

3. The railway track identification device according to claim 2, wherein the branch
track detection unit repeatedly executes branch track detection processing of detecting the
branch track, the branch track detection processing being executed on all the branch

positions detected on the railway track detected by the railway track detection unit.

4. The railway track identification device according to claim 2 or 3, wherein the

branch track detection unit sets a fan-shaped search region and detects the branch track by

using the branch position as a pivot.

5. The railway track identification device according to any one of claims 2 to 4,
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wherein the branch track detection unit acquires, as the branch track, a line segment

intersecting the railway track detected by the railway track detection unit.

6. The railway track identification device according to claim 5, wherein the branch
track detection unit sets a fan-shaped search region for the branch track, the fan-shaped
search region starting at the branch position being detected, the fan-shaped search region
being set at an angle covering a range of a maximum curvature that the branch track is able

to take on a basis of the line segment.

7. The railway track identification device according to any one of claims 1 to 6,
wherein the branch track detection unit detects the branch track on a basis of a degree of

similarity to the railway track detected by the railway track detection unit.

8. The railway track identification device according to any one of claims 1 to 7,
further comprising a branch information acquisition unit configured to acquire branch
information including at least one of: presence or absence of the branch track included in a
region corresponding to an imaging region of the captured image acquired at a present
position of the railway vehicle; a number of the branch tracks; and a branch destination to
which the railway vehicle travels,

wherein the branch track detection unit identifies, on a basis of the branch

information, the branch track on which the railway vehicle travels.

9. The railway track identification device according to claim 8, wherein the branch

track detection unit sets a search region for the branch track, on a basis of branch

information acquired by the branch information acquisition unit.
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