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DESCRIPTION 

IMAGING SYSTEM FOR RAILWAY VEHICLE 

FIELD 

[0001] Embodiments of the present invention relate to an 

imaging system for a railway vehicle. 

BACKGROUND 

[0002] Conventionally, various kinds of systems have 

been proposed, which include a stereo camera as an imaging 

device that captures images of an area in a traveling 

direction of a railway vehicle while running so as to 

inspect a railway track or detect an obstacle (a remarkable 

object) on the railway track.  Such a stereo camera has 

been mainly utilized as a system in railway vehicles on 

which the driver actually rides to operate, serving to 

improve the safety of a railway operation by secondarily 

detecting an obstacle and determining whether the obstacle 

will affect the railway operation, for example. 

CITATION LIST 

Patent Literature 

[0003] Patent Literature 1: Japanese Laid-open Patent 

Application Publication No. 2001-242521 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0004] Recently, autonomous train operation has been 

variously studied.  Thus, it is beneficial to provide an 

imaging system for a railway vehicle that can accurately 

detect obstacles in farther areas. 
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MEANS FOR SOLVING PROBLEM 

[0005] According to one embodiment, in general, an imaging 

system for a railway vehicle includes a first imaging module 

and a second imaging module.  The first imaging module is 

placed in a leading railway vehicle for capturing a stereo 5 

image of a first area in a traveling direction of the railway 

vehicle.  The second imaging module is placed in the leading 

railway vehicle, and is capable of capturing a second area 

including a farther area than at least the first area for 

capturing a high-resolution image with resolution higher than 10 

resolution of the first imaging module. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0006] FIG. 1 is an exemplary and schematic diagram 

illustrating a configuration of the forefront of a railway 15 

vehicle including an imaging system for a railway vehicle 

according to an embodiment; 

 FIG. 2 is an exemplary and schematic diagram 

illustrating the positional relationship between a first 

camera and a second camera serving as a first imaging module 20 

and a third camera serving as a second imaging module in an 

imaging unit of the imaging system for a railway vehicle of 

the embodiment; 

 FIG. 3 is an exemplary and schematic diagram 

illustrating the configuration of the imaging system for a 25 

railway vehicle of the embodiment; 

 FIG. 4 is an exemplary and schematic diagram 

illustrating the positional relationship between a first area 

imaged by the first imaging module and a second area imaged 

by the second imaging module in the imaging system for a 30 

railway vehicle of the embodiment; 

 FIG. 5 is an exemplary and schematic flowchart of an 
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obstacle detecting process of the imaging system for a 

railway vehicle of the embodiment; and 

FIG. 6 is an exemplary and schematic flowchart of 

stereo image processing in the flowchart of FIG. 5. 

DETAILED DESCRIPTION 

[0007] The following will describe embodiments with 

reference to the accompanying drawings.  Elements of an 

embodiment described below and actions and results 

(effects) attained by such elements are presented for 

illustrative purpose only, and are not limited to the 

disclosure below. 

[0008] FIG. 1 is an exemplary and schematic diagram 

illustrating a configuration of an imaging system for a 

railway vehicle 100 according to an embodiment.  As 

illustrated in FIG. 1, the imaging system 100 is mounted on 

a railway vehicle RV that travels on a railway track R 

including a pair of rails in a traveling direction D. 

[0009] As illustrated in FIG. 1, the imaging system 100 

includes an imaging unit 10, a camera controller 12, an 

image processor 14, and an output 16. 

[0010] The imaging unit 10 is installed at the front end 

of the railway vehicle RV (in a driver's cabin in a leading 

railway vehicle RV, for example), to capture images of an 

area (forward area) in the traveling direction D of the 

railway vehicle RV.  An image captured by the imaging unit 

10 contains the railway track R.  The imaging unit 10 of 

the embodiment includes a first imaging module 18 (a stereo 

camera) capable of capturing a stereo image of a first area 

in the traveling direction D of the railway vehicle RV and 

a second imaging module 20 (a monocular camera) capable of 

capturing images of a second area including at least a 

farther area than the first area. 
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[0011] FIG. 2 is an exemplary and schematic diagram 

illustrating a positional relationship between the first 

imaging module 18 and the second imaging module 20 in the 

imaging unit 10.  The first imaging module 18 and the 

second imaging module 20 are fixed to, for example, a 

support member 22 (a support plate or a storage box) so as 

not to change in mutual positional relationship due to 

vibration during travelling of the railway vehicle RV. 

[0012] In the embodiment, the first imaging module 18 

includes a first camera 10a and a second camera 10b that 

are placed with a given interval along the width of the 

railway vehicle RV, for example.  The first camera 10a and 

the second camera 10b are exemplified by digital cameras 

incorporating an image sensor such as a charge coupled 

device (CCD) or a CMOS image sensor (CIS), and can output 

high-definition (HD) video data (image data) at a given 

frame rate. 

[0013] The second imaging module 20 includes a third 

camera 10c.   The third camera 10c is located, for example, 

above the intermediate position between the first camera 

10a and the second camera 10b aligned along the vehicle 

width, and can capture high-resolution images with 

resolution higher than the resolution of the first imaging 

module 18 (the first camera 10a and the second camera 10b).  

The third camera 10c is exemplified by a digital camera 

incorporating an image sensor such as a CCD or a CIS, and 

is capable of outputting video data (image data) with 4K 

resolution image quality at a given frame rate. 

[0014] FIG. 3 is an exemplary and schematic block 

diagram illustrating the configuration of the imaging 

system 100.  The function modules including the camera 

controller 12 and the image processor 14 may be configured 

as a computer including hardware such as a processor and a 
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memory, for example.  Specifically, the processor of the 

imaging system 100 implements the respective function 

modules by loading and executing a computer program from a 

memory such as a storage.  The function modules such as the 

camera controller 12 and the image processor 14 may be 

implemented by dedicated hardware (circuitry). 

[0015] The first camera 10a, the second camera 10b, and 

the third camera 10c are controlled by the camera 

controller 12.  To capture an image, the camera controller 

12 supplies a synchronizing signal and control signals for 

exposure, a shutter speed, white balance, and else to the 

first camera 10a, the second camera 10b, and the third 

camera 10c. 

[0016] FIG. 4 is an exemplary and schematic diagram 

illustrating the positional relationship between a first 

area 24 captured by the first imaging module 18 (the first 

camera 10a, the second camera 10b) and a second area 26 

captured by the second imaging module 20 (the third camera 

10c).  FIG. 4 illustrates a situation that the railway 

vehicle RV (not illustrated) travels on the railway track R 

to a station platform 28 ahead.  As illustrated in FIG. 4, 

in the imaging system 100 of the embodiment, the 

orientations of the optical axes of the first imaging 

module 18 and the second imaging module 20 are set so that 

the second area 26 captured by the second imaging module 20 

partially overlaps the first area 24 captured by the first 

imaging module 18.  That is, the second area 26 includes, 

as an imaging area, a far area 26a (farther area) not 

included in the first area 24 and farther than the first 

area 24, and a near area 26b (nearer area) before the far 

area and overlapping the first area 24. 

[0017] The image processor 14 receives image data (image 

signal) from the first camera 10a, the second camera 10b, 
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and the third camera 10c and performs various kinds of 

image processing to the image data.  The image processor 14 

detects the railway track R from the first area 24, detects 

presence or absence of a remarkable object (such as an 

obstacle) on the railway track R or in a given area around 

the railway track R, and detects a distance to the 

remarkable object.  Similarly, the image processor 14 

detects the railway track R from the far area 26a of the 

second area 26, and performs object detection processing 

including detecting presence or absence of a remarkable 

object (such as an obstacle) on the railway track R or in a 

given area around the railway track R and estimating a 

distance to the remarkable object. 

[0018] As described above, the first camera 10a and the 

second camera 10b are spaced apart from each other along 

the width of the railway vehicle RV, to have the respective 

imaging areas set to the first area 24.  The first camera 

10a and the second camera 10b serve to capture images of 

the same first area 24 (same objects contained in the first 

area 24) at the same timing in accordance with a 

synchronizing signal.  As a result, the image processor 14 

can acquire a stereo image (first stereo image) of the same 

scene from the first camera 10a and the second camera 10b.  

Thus, the image processor 14 can calculate a distance to 

the object in the first area 24 from a parallax of the 

acquired first stereo image by known stereo matching or 

triangulation.  For the first camera 10a and the second 

camera 10b serving as HD cameras capable of capturing 

images with HD image quality, for example, the first area 

24 can be set to an area approximately 200 meters ahead of 

the railway vehicle RV, which is sufficient for practical 

distance measurement. 

[0019] The image processor 14 can detect the railway 
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track R from the image captured by the first camera 10a or 

the second camera 10b by a known detecting method of the 

railway track R.  The image processor 14 divides the image 

into a plurality of pixel groups (a detection area or a 

search area), for example, to detect the railway track R 

from each pixel group on the basis of a feature amount 

(feature as to brightness, for example).   The feature 

amount may be a criterion indicating a similarity to the 

railway track R based on a given standard.   The stationary 

positions of the first camera 10a and the second camera 10b 

in the railway vehicle RV are known and the railway vehicle 

RV travels on the railway track R.  That is, it is possible 

to estimate the position of the railway track R in the 

first area 24 to be captured by the first camera 10a and 

the second camera 10b.  Thus, setting the detection area to 

an area including the estimated position of the railway 

track R in the first area 24 makes it possible to 

efficiently detect the railway track R from the first area 

24 with a less load.   The image processor 14 may generate 

a distance image reflecting distance information, from the 

stereo image received from the first camera 10a and the 

second camera 10b.  The image processor 14 may set a 

detection area on the generated distance image to detect 

the railway track R. 

[0020] Meanwhile, the third camera 10c has the imaging 

area including the first area 24 and functions as a 

monocular camera, therefore, it cannot calculate a distance 

to a remarkable object in the far area 26a but can 

recognize the object, if there is one.  In the case of the 

third camera 10c being a 4K camera capable of capturing 

images with 4K image quality, for example, the third camera 

10c can detect a remarkable object (hereinafter, referred 

to as an obstacle) from the far area 26a of the second area 
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26 that is located approximately 400 meters ahead of the 

railway vehicle RV, for example. 

[0021] As described above, the image processor 14 can 

acquire accurate distance information from the first area 

24 imaged by the first camera 10a and the second camera 10b.  

The image processor 14 can accurately calculate a distance 

to an object M and the size of the object M located in a 

farthest part 30 of the first area 24.  In this case, an 

object N located in a nearest part 32 of the far area 26a 

adjacent to the farthest part 30 appears approximately the 

same in size as the object M.  The size of a remarkable 

object located in the far area 26a, such as an obstacle 

located around the railway track R, for example, is known.  

For example, the sizes of power-transmission poles 

installed along the railway track R and of structures 

around the railway track R are known.  Thus, the image 

processor 14 can calculate a length (size) corresponding to 

one pixel of the far area 26a.  That is, the image 

processor 14 calculates a first distance to a first 

position (the object M, for example) in the first area to 

be able to estimate a second distance to a second position 

(an object P) in the second area 26 (the far area 26a) from 

the first distance.  In this case, the third camera 10c 

captures the image data in 4K image quality, therefore, it 

can sufficiently ensure reliability of the distance 

estimation from the number of pixels. 

[0022] Moreover, the image processor 14 can detect a 

remarkable object (obstacle such as the object M or the 

object P) from the first area 24 and the second area 26 

(far area 26a) by known pattern matching of the detected 

railway track R and the surrounding area, for example. 

[0023] Thus, combining the image data captured by the 

first imaging module 18 with the image data captured by the 
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second imaging module 20 can expand a substantive detection 

area of an obstacle or obstacles.  At the initial braking 

speed of the railway vehicle RV being 100 km/h, for example, 

a braking distance is, for example, about 400 meters or 

below.  In this case, as the maximum speed of the railway 

vehicle RV increases, the braking force in a higher-speed 

range increases, therefore, the braking distance at the 

initial braking speed of 100 km/h is further shortened.  

That is, if it is possible to estimate the position of an 

obstacle located 400 meters ahead of the railway vehicle RV, 

the braking control over the railway vehicle RV can start 

from about 400 meters before the obstacle, for example.  

When the railway vehicle RV approaches an obstacle located 

in the near area 200 meters or less ahead, for example, the 

image processor can accurately measure a distance to the 

obstacle.  As a result, the railway vehicle RV can be 

stopped before contacting the obstacle detected at 400 

meters ahead of the railway vehicle RV, for example.  In 

addition, the railway vehicle RV can be smoothly 

decelerated in the area 200 meters or less ahead under 

detailed braking control, for example.  Consequently, the 

imaging system 100 is applicable to obstacle detection by 

the railway vehicle RV and automatic braking control over 

the railway vehicle RV that autonomously travels. 

[0024] In the example as above, the image processor 14 

receives the first stereo image from the first camera 10a 

and the second camera 10b to calculate a distance to the 

obstacle in the first area 24.  As described above, the 

second area 26, i.e., the imaging area of the third camera 

10c partially overlaps the first area 24, i.e., the imaging 

areas of the first camera 10a and the second camera 10b.  

Thus, the image processor 14 can receive a stereo image 

(second stereo image) of the same scene in the overlapping 



10 

area between the first area 24 and the second area 26 from 

the second camera 10b and the third camera 10c, for example.  

Similarly, the image processor 14 can receive a stereo 

image (third stereo image) of the same scene in the 

overlapping area between the first area 24 and the second 

area 26 from the third camera 10c and the first camera 10a, 

for example.  Thus, the image processor 14 can measure a 

distance to the obstacle in the overlapping area from the 

second stereo image and the third stereo image, as with the 

distance measurement from the first stereo image.  As a 

result, the image processor 14 can calculate an average of 

a result of the distance measurement based on the first 

stereo image, a result of the distance measurement based on 

the second stereo image, and a result of the distance 

measurement based on the third stereo image, for example, 

to be able to improve the accuracy of the distance to the 

obstacle in the overlapping area.  That is, the image 

processor 14 can improve the accuracy of distance 

measurement relative to the obstacle that the railway 

vehicle RV is approaching.  Moreover, the image processor 

14 can improve the accuracy of the distance estimation 

relative to the obstacle located in the far area 26a. 

[0025]  In this case, the first camera 10a and the 

second camera 10b being HD cameras differ in resolution 

from the third camera 10c being a 4K camera.  The image 

data captured by the third camera 10c is thus subjected to 

processing to match the resolution of the first camera 10a 

or the second camera 10b, to enable processing of a stereo 

image. 

[0026] Traditionally, to autonomously operate the 

railway vehicle RV on the basis of obstacle detection and 

distance measurement with a stereo camera, a malfunction 

(failure in a camera or wiring defect, for example) of one 
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of the cameras of the stereo camera makes distance 

measurement to an obstacle impossible.  This may result in 

stop of the autonomous travelling.  Meanwhile, in spite of 

a malfunction of either the first camera 10a or the second 

camera 10b, the imaging system 100 of the embodiment can 

continue to measure (detect) the distance to the obstacle 

using the third camera 10c as the stereo camera, in place 

of the first camera 10a or the second camera 10b with a 

failure.  That is, irrespective of occurrence of a 

malfunction of any of the first camera 10a, the second 

camera 10b, and the third camera 10c, the railway vehicle 

RV can continue to autonomously travel. 

[0027] The following will describe detecting a 

remarkable object (an obstacle, for example), that is, a 

series of stereo image processing by the imaging system 100 

as configured above, with reference to exemplary and 

schematic flowcharts illustrated in FIG. 5 and FIG. 6.   

The processing illustrated in the flowchart of FIG. 5 is 

repeated in a given processing cycle. 

[0028] In an operable state of the railway vehicle RV 

(for example, during power-on), the camera controller 12 of 

the imaging system 100 causes the first camera 10a and the 

second camera 10b to capture images of the first area 24, 

and the third camera 10c to capture an image of the second 

area 26 (S100).  The camera controller 12 supplies a 

synchronizing signal and control signals for exposure, a 

shutter speed, and a white balance to the first camera 10a, 

the second camera 10b, and the third camera 10c to capture 

the images of the same scene under the same condition.  The 

first camera 10a, the second camera 10b, and the third 

camera 10c are configured to individually receive control 

signals and power supply, for example.  Thus, a malfunction 

of any of the cameras, if it occurs, does not affect the 
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normally operating cameras from capturing images and 

outputting image data. 

[0029] After succeeding in acquiring image data 

successively from all the cameras (the first camera 10a, 

the second camera 10b, and the third camera 10c) (Yes at 

S102), the image processor 14 performs processing to a 

stereo image (S104).  The stereo image processing will be 

described in detail, referring to the flowchart of FIG. 6. 

[0030] First, after determining that the image (first 

stereo image) captured by the first camera 10a and the 

second camera 10b has not been processed (No at S200), the 

image processor 14 subjects the image captured by the first 

camera 10a and the second camera 10b to rectification 

conversion (S202).  That is, the image processor 14 

converts the first stereo image into the one from which 

parallax is detectable through stereo matching.  The image 

processor 14 then generates a first distance image 

containing distance information from the images (first 

stereo image) captured by the first camera 10a and the 

second camera 10b according to the detected parallax (S204). 

[0031] The image processor 14 detects the railway track 

R from the first distance image by a known detecting method 

of the railway track R using the feature as to brightness, 

for example (S206).  As described above, the location of 

the railway track R in the image is generally known.  Thus, 

the image processor 14 can decrease a processing load by 

setting the detection area of the railway track R to an 

estimated location.  Next, the image processor 14 sets a 

recognition area for the detected railway track R to detect 

an obstacle (S208).  The image processor 14 detects an 

obstacle from the set recognition area by a known detecting 

method (such as pattern matching) (S210).  The obstacle 

detection is mainly intended for ensuring safe operation of 
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the railway vehicle RV, therefore, setting the recognition 

area to a given limited area on or around the railway track R 

is basically sufficient for that purpose.  The image 

processor 14 can decrease a processing load in terms of the 

obstacle detection by setting the recognition area to a 5 

limited area. 

[0032] Upon incompletion of the obstacle detection with 

the combinations of the first camera 10a, the second camera 

10b, and the third camera 10c (No at S212), the image 

processor 14 returns to the operation at S200. 10 

[0033] After determining at S200 that the image (first 

stereo image) captured by the first camera 10a and the second 

camera 10b has been processed (Yes at S200) and the image 

(second stereo image) captured by the second camera 10b and 

the third camera 10c has not been processed (No at S214), the 15 

image processor 14 performs rectification conversion to the 

image captured by the second camera 10b and the third camera 

10c (S216).  That is, the image processor 14 converts the 

second stereo image into the one from which parallax is 

detectable through stereo matching.  The image processor 14 20 

then generates a second distance image containing distance 

information from the image (second stereo image) captured by 

the second camera 10b and the third camera 10c (S218) 

according to the detected parallax. 

[0034] As in the operation to the first distance image, 25 

the image processor 14 detects the railway track R from the 

second distance image (S206) to set a recognition area 

therefor (S208).  The image processor 14 performs an obstacle 

detection to the set recognition area of the second distance 

image (S210), and determines again at S212 whether the 30 

obstacle detection with the combinations of the cameras is 

completed (S212). 

[0035] After determining at S214 that the image (second 
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stereo image) captured by the second camera 10b and the 

third camera 10c has been processed (Yes at S214), the 

image processor 14 performs rectification conversion to the 

image captured by the third camera 10c and the first camera 

10a (S220).  That is, the image processor 14 converts the 

third stereo image into the one from which parallax is 

detectable through stereo matching.  The image processor 14 

then generates a third distance image containing distance 

information from the image (third stereo image) captured by 

the third camera 10c and the first camera 10a according to 

the detected parallax (S222). 

[0036] As in the operation to the first distance image 

and the second distance image, the image processor 14 

detects the railway track R from the third distance image 

(S206) to set a recognition area therefor (S208).  The 

image processor 14 detects an obstacle from the set 

recognition area of the third distance image (S210), and 

determines again at S212 whether the obstacle detection 

with the combinations of the cameras is completed (S212). 

[0037] After determining completion of the obstacle 

detection with the combinations of the first camera 10a, 

the second camera 10b, and the third camera 10c (detection 

from the first distance image, the second distance image, 

and the third distance image) at S212 (Yes at S212), the 

image processor 14 corrects a distance to the obstacle 

being a remarkable object and corrects an obstacle detected 

position (improvement in accuracy of distance) on the basis 

of results of the detection (S224).  The image processor 14 

temporarily stores the detected obstacle and the distance 

to the obstacle in the storage as a result of the detection 

from the near area (the first area 24 or the overlapping 

area between the first area 24 and the second area 26) 

(S226). 
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[0038] Thus, the three stereo cameras of combinations of 

the first camera 10a, the second camera 10b, and the third 

camera 10c individually measure the distance to the 

obstacle and reflect the measurements in the obstacle 

detected position, which can improve the accuracy of 

distance measurement to the obstacle in the overlapping 

area between the first area 24 and the second area 26.   

According to another embodiment, in the normal operation of 

the first camera 10a, the second camera 10b, and the third 

camera 10c (i.e., outputting image data normally), the 

generation of the second distance image and the third 

distance image may be omissible.  In this case, the image 

processor 14 can implement the distance measurement to the 

obstacle in the near area from the stereo image with a 

reduced load. 

[0039] After completion of the obstacle detection in the 

near area, the image processor 14 returns to the flowchart 

of FIG. 5, and adds the far area 26a captured by the third 

camera 10c to the near area to expand the detection area of 

the railway track R (setting of an expanded recognition 

area) (S106).  Then, the image processor 14 detects an 

obstacle from the expanded recognition area (S108).   Prior 

to the obstacle detection from the expanded recognition 

area, the image processor 14 may detect the railway track R 

to set the detection area of an obstacle by a known 

detecting method of the railway track R using the feature 

as to brightness, similarly to the first area 24.  Moreover, 

according to another embodiment, the image processor 14 may 

focus on continuity of the railway track R over the first 

area 24 and the far area 26a, regard the railway track R 

detected in the first area 24 as extending to the far area 

26a, and detect an obstacle from the area extended from the 

first area 24. 
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[0040] Subsequently, the image processor 14 estimates a 

distance to the obstacle in the expanded area (far area 26a) 

(S110).  As described above, the object M in the farthest 

part 30 of the near area (first area 24) substantially 

matches in size with the object N in the nearest part 32 of 5 

the far area 26a.  The image processor 14 can calculate the 

distance to the object M accurately by processing the stereo 

image of the first area 24.  Thus, the image processor 14 can 

estimate the position of the obstacle (distance to the 

obstacle) detected in the far area 26a from the distance to 10 

the obstacle M (obstacle N) through comparison of the sizes 

between the obstacle N in the far area 26a and an obstacle 

located farther than the obstacle N.  In view of ensuring 

safe travelling of the railway vehicle RV, detecting an 

obstacle and a location thereof in the first area 24 and 15 

detecting an obstacle in the far area 26a can help the 

railway vehicle RV travel safely.  According to another 

embodiment, thus, the image processor 14 may omit the 

operation of S110.  Thereby, the image processor 14 can 

reduce a processing load as to the far area 26a. 20 

[0041] The image processor 14 outputs results of the 

detection of the obstacle to the output 16 (S112), 

temporarily ending this processing.  That is, after detecting 

an obstacle from the first area 24 (or the overlapping area 

between the first area 24 and the second area 26) through the 25 

stereo image processing at S104, the image processor 14 

provides, through the output 16, the detected obstacle and 

the position thereof (distance thereto) to the operation 

system of the railway vehicle RV and an external system that 

serves to manage and monitor the travelling of the railway 30 

vehicle RV, to reflect them in the control of the railway 

vehicle RV.   
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Similarly, after detecting an obstacle from the far area 

26a, the image processor 14 provides, through the output 16, 

information indicating detection of the obstacle to the 

operation system of the railway vehicle RV and the external 

system, and reflects the information in the control of the 

railway vehicle RV.  After detecting an obstacle from the 

far area 26a and estimating the position (distance) thereof, 

the image processor 14 may output such information as well 

through the output 16.  The image processor 14 may add 

emphatic signals for highlighting the obstacle and alarm 

signals to the detected obstacle at the time of providing 

the information to the external system (security center) 

through the output 16, for example. 

[0042] After determining a failure in successively 

receiving image data from all the cameras (first camera 10a, 

second camera 10b, and third camera 10c) at S102 (No at 

S102), the image processor 14 checks the number of the 

cameras normally operating (S114).  If two of the first 

camera 10a, the second camera 10b, and the third camera 10c 

are normally outputting image data to the image processor 

14 (Yes at S114), the image processor 14 acquires the 

stereo image captured by the two cameras (S116).  That is, 

the image processor 14 acquires any of the first stereo 

image, the second stereo image, and the third stereo image.  

The image processor 14 subjects the acquired stereo image 

to rectification conversion (S118).  That is, the image 

processor 14 converts the acquired stereo image into the 

one from which parallax is detectable through stereo 

matching.  The image processor 14 generates the distance 

image from the stereo image in accordance with the detected 

parallax (S120). 

[0043] The image processor 14 detects the railway track 

R from the generated distance image by a known detecting 
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method of the railway track R using the feature as to 

brightness (S122).  Next, the image processor 14 sets, for 

the detected railway track R, a recognition area in which an 

obstacle is to be detected (S124).  The image processor 14 

detects an obstacle from the set recognition area by a known 5 

detecting method (pattern matching, for example) (S126).  The 

image processor 14 outputs a result of the detection of an 

obstacle in the near area through the output 16 (S128), 

temporarily ending this processing.  That is, the image 

processor 14 performs obstacle detection processing, using 10 

the two cameras capable of outputting normal image data at 

the moment.  In the case of a malfunction of the third camera 

10c, the image processor 14 performs obstacle detection in a 

limited area, that is, the first area 24 which the first 

camera 10a and the second camera 10b can normally capture.  15 

Meanwhile, irrespective of a malfunction of either the first 

camera 10a or the second camera 10b, the image processor 14 

can detect presence or absence of an obstacle and the 

position thereof from the overlapping area between the first 

area 24 and the second area 26, and can detect an obstacle 20 

from the far area 26a, if any. 

[0044]  When there are no two cameras capable of normally 

outputting image data at S114 (No at S114), the image 

processor 14 determines that detection of an obstacle, if any, 

and the position thereof (distance thereto) is unfeasible, 25 

and performs error processing (S130).  That is, the image 

processor 14 provides error information to the operation 

system of the railway vehicle RV or the external system 

through the output 16, to reflect the error information in 

the control of travelling of the railway vehicle RV.  For 30 

example, the operation system or the external system causes 

the railway vehicle RV to 
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temporarily stop travelling. 

[0045] As described above, the imaging system 100 can 

enlarge the detection area for the remarkable object, such 

as an obstacle, by capturing the stereo image of the same 

scene from the images captured by the first camera 10a, the 

second camera 10b, and the third camera 10c.  Typically, it 

is unlikely that two or more cameras malfunction at the 

same time.  The imaging system 100 can acquire a stereo 

image with at least two cameras.  Thus, the imaging system 

100 can avoid occurrence of the situation that a 

malfunction of one of the cameras directly causes the 

railway vehicle RV to become unable to autonomously operate. 

[0046]  The present embodiment has described one example 

of the imaging unit 10 that the first imaging module 18 

includes two HD cameras (first camera 10a and second camera 

10b) and the second imaging module 20 includes one 4K 

camera (third camera 10c).  In this case, the imaging 

system 100 including a minimum number of elements can 

expand the obstacle detection area and deal with a 

malfunction of a camera.  According to another embodiment, 

the imaging unit 10 may include four or more cameras, which 

can exert the same effects. 

[0047] Moreover, the embodiment has described the 

example that the imaging system 100 is applied to the 

railway vehicle RV that is autonomously operable.  

According to another embodiment, the imaging system 100 may 

be applied to a railway vehicle where a driver can ride 

(regardless of whether the driver operates the vehicle), 

which can exert the same effects.  In this case, the output 

16 may display the image, as illustrated in FIG. 4, on a 

display installed at a driver's seat, for example, and 

display a result of detection of an obstacle or output an 

audio message or alarm sound corresponding to the result. 
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[0048] While certain embodiments have been described, 

these embodiments and modifications have been presented by 

way of example only, and are not intended to limit the 

scope of the inventions.  Indeed, the novel embodiments 

described herein may be embodied in a variety of other 

forms; furthermore, various omissions, substitutions and 

changes in the form of the embodiments described herein may 

be made without departing from the spirit of the inventions. 

The accompanying claims and their equivalents are intended 

to cover such forms or modifications as would fall within 

the scope and spirit of the inventions. 
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CLAIMS 

1. An imaging system for a railway vehicle, comprising:

a first imaging module, placed at a front end in a

leading railway vehicle, for capturing a stereo image of a 5 

first area in a traveling direction of the railway vehicle;  

a second imaging module, placed in the leading railway 

vehicle and capable of capturing a second area including a 

farther area than at least the first area, for capturing a 

high-resolution image with resolution higher than resolution 10 

of the first imaging module; and 

an image processor configured to: 

calculate a first distance to a first position in 

the first area from the stereo image captured by the 

first imaging module, and  15 

estimate a second distance to a second position in 

the second area from the first distance. 

2. The imaging system according to claim 1, wherein

the second area captured by the second imaging module20 

partially overlaps the first area before the farther area. 

3. The imaging system according to claim 1 or 2, wherein

the first imaging module includes a first camera and a

second camera, and 25 

the second imaging module includes a third camera, the 

system further comprising: 

a camera controller configured to: 

cause the first camera and the second camera to 

capture a first stereo image of the first area,  30 

cause the second camera and the third camera to 

capture a second stereo image containing at least part 

of the first area, and  
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cause the third camera and the first camera to 

capture a third stereo image containing at least part of 

the first area, and 

an image processor configured to perform object 

detection processing with respect to the first area based on 5 

the first stereo image, the second stereo image, and the 

third stereo image. 

4. The imaging system according to claim 3, wherein

the image processor causes two of the first camera, the10 

second camera, and the third camera to continuously capture 

the stereo image.
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