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estimation method, when an evaluation function to be used 

to search for the corresponding pixel is a primary function 

such as the sum of absolute difference (SAD), equiangular 

linear fitting is used. In the subpixel estimation method, 

when the evaluation function to be used to search for the 

corresponding pixel is a secondary function such as the sum 

of squared difference (SSD), parabola fitting is used. 

[0029] When it is not necessary to calculate the 

disparity with decimal precision or when a processing time 

for acquiring the disparity is to be reduced, the disparity 

may be calculated without using the subpixel estimation 

method. In addition, when an evaluation value of the 

coordinates of the corresponding pixel that is based on the 

evaluation function used in the subpixel estimation method 

is larger than a predetermined threshold, and a difference 

between characteristic amounts (for example, changes in 

gradations) of the target pixel and the corresponding pixel 

is small, the calculated disparity may be invalidated. 

[0030] By executing the foregoing processes, the image 

acquiring unit 201 calculates disparity between pixels of 

the reference image and all pixels of the standard image or 

pixels in a valid region of a part of the standard image. 

Then, the image acquiring unit 201 uses the following 

Equation (1) to calculate, as the distance image, a 

distance Z to an object indicated by pixels of the standard 

image. In the following Equation (1), f indicates a focal 

distance of the two imaging units included in the sensor 10, 

B indicates a distance between the two imaging units 

included in the sensor 10, and D indicates disparity D 

between a pixel of the standard image and a pixel of the 

reference image. 
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Next, the rail recognizing unit 202 detects 
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candidate rails that are candidates of the rail R on which 

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

present embodiment, the rail recognizing unit 202 converts 

the standard image into an edge-highlighted image. Next, 

the rail recognizing unit 202 detects, as the candidate 

rails, pixel groups forming continuous lines extending in 

the traveling direction of the railway vehicle RV from 

pixel groups obtained by grouping certain pixels having 

certain edge intensities larger than the predetermined edge 

intensity and pixels existing around the certain pixels and 

having edge intensities equal to or nearly equal to the 

certain edge intensities in the edge-highlighted image. 

Then, the rail recognizing unit 202 detects, as the rail R, 

a candidate rail satisfying the evaluation condition set in 

advance from the detected candidate rails (in step S506). 

[0032] The monitoring area recognizing unit 203 uses the 

rail R detected by the rail recognizing unit 202 as a 

standard and sets a three-dimensional monitoring region in 

the standard image (in step S507). 

FIG. 6 is a schematic diagram illustrating an example 

of a method for setting the monitoring region in the 

railway vehicle according to the first embodiment. As 

illustrated in FIG. 6, the monitoring area recognizing unit 

203 sets, for any arbitrary position P on the rail R 

detected by the rail recognizing unit 202, a horizontal 

line connecting left and right segments of the rail R and 

existing at the position P. The line has a length of L 

pixels in the standard image. Then, when pitch angles, yaw 

angles, and roll angles of the imaging units included in 

the sensor 10 are all 0°, and the rail R on which the 

railway vehicle RV travels has a narrow gauge, resolution 

per pixel in the horizontal direction is 1067/L millimeters. 

[0033] Alternatively, the monitoring area recognizing 


































