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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 5 

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 10 

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 for identifying a 15 

distance to an object existing in an imaging range of the 

imaging unit.  The rail detector detects, from the visible 

light image, a rail on which the railway vehicle travels.  

The monitoring region setting unit, using the detecting 

rail, sets a three-dimensional monitoring region defined by 20 

a loading gauge of the railway vehicle or a construction 

gauge in the visible light image.  The obstacle detector 

detects an obstacle that exists in the monitoring region 

and hinders the traveling of the railway vehicle, based on 

range information for identifying a distance range to the 25 

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 30 

[0007] FIG. 1 is a diagram illustrating an example of a 

schematic configuration of a railway vehicle according to a 

first embodiment. 
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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 differences (SAD), equiangular 

linear fitting is used.  In the subpixel estimation method, 

when the evaluation function to be used to search for the 5 

corresponding pixel is a secondary function such as the sum 

of squared differences (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 10 

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 15 

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 20 

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 25 

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 30 

reference image. 

 Z = f × B / D        (1) 

[0031] Next, the rail recognizing unit 202 detects 

candidate rails that are candidates of the rail R on which 

the railway vehicle RV travels (in step S505).  In the 35 



 15 

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 5 

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.  10 

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 15 

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 20 

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 25 

pixels (L is number of 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 30 

1067/L millimeters. 

[0033] Alternatively, the monitoring area recognizing 
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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. 5 

[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 10 

detection device 20 or 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 15 

medium is a CD-ROM, a flexible disk (FD), a CD-R, a digital 

versatile disc (DVD), or the like. 

[0059] The computer program to be executed by the 

obstacle detection device 20 or 90 according to the present 

embodiment may be stored in a computer connected to a 20 

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 

or 90 according to the present embodiment may be provided 

or distributed via the network such as the Internet. 25 

[0060] The computer program to be executed by the 

obstacle detection device 20 or 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 or 901, 30 

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 or 901, the candidate obstacle recognizing unit 204, 5 

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 10 

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 15 

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 5 

vehicle by an imaging unit included in the railway vehicle 

and a distance image for identifying a distance to an 

object existing in an imaging range of the imaging unit; 

a rail detector that detects, from the visible light 

image, a rail on which the railway vehicle travels; 10 

a monitoring region setting unit that, using the 

detected rail, sets a three-dimensional monitoring region 

defined by a loading gauge of the railway vehicle or a 

construction gauge in the visible light range, wherein when 

a plurality of the rails is detected by the rail detector 15 

from the visible light image, the monitoring region setting 

unit sets the monitoring region for each of the rails or 

one of the detected rails on which the railway vehicle 

travels; 

an obstacle detector that detects an obstacle that 20 

exists in the monitoring region and hinders the traveling 

of the railway vehicle, based on range information for 

identifying a distance range to the monitoring region based 

on the visible light image to be identifiable and the 

distance image; and 25 

an output unit that outputs a result of detecting the 

obstacle. 

2. The obstacle detection device according to claim 1,

further comprising: 30 

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, 
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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. 5 

3. The obstacle detection device according to claim 1 or

2, wherein 

the acquiring unit acquires, as the visible light 

image, any one of a plurality of images obtained by imaging 10 

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 3,15 

wherein 

the distance image indicates disparity between the 

images, and 

the range information indicates a range of disparity 

of the monitoring region. 20 

5. The obstacle detection device according to claim 2,

wherein 

the candidate detector sets a standard plane in 

contact with an upper surface of the rail in the visible 25 

light image and detects, as a candidate of the obstacle, an 

object existing above the standard plane. 

6. The obstacle detection device according to any one of

claims 1 to 5, wherein 30 

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 
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included in the monitoring region in a predetermined 

section within a traveling section in which the railway 

vehicle travels. 

7. The obstacle detection device according to claim 6, 5 

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 

8. The obstacle detection device according to claim 6,

wherein 

the monitoring region setting unit receives, from an 

external device, positional information indicating the 

predetermined section and enlarges the monitoring region 15 

based on the positional information. 

9. The obstacle detection device according to claim 6,

further comprising: 

a position measuring unit that measures a traveling 20 

position of the railway vehicle; and 

a storage that stores positional information 

indicating the predetermined section, wherein 

the monitoring region setting unit enlarges the 

monitoring region in the predetermined section based on the 25 

traveling position measured by the position measuring unit 

and the positional information stored in the storage. 
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