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Abstract 

We present a method to recognize a complicated 
curved object from an image contour. We are devel- 
oping a system that automatically measures train 
wheel abrasion from its contour image. Because a 
train wheel consists of a curved surface, the trans- 
formation of the image contour due to position vari- 
ation affects the measurement accuracy. The 3D 
shape model of the train wheel is analyzed to com- 
pute on image contour model represented with a nu- 
merical equation. The system corrects the measured 
value using the relation between position variation 
and contour model. Experimental result shows that 
the system can measure train wheel abrasion with 
an objective accuracy. 

1 Introduction 

We are developing a train maintenance system 
that automatically takes images of the wheels of a 
running train, and measures wheel abrasion from the 
deformation of wheel image contours. 

Because a train wheel is worn down due to friction 
against the rail, some maintenance work to reshape 
the train wheel is needed when the abrasion becomes 
larger than a predetermined threshold value. 

A method to measure wheel shape using sheet 
light has been proposed[l] previously. A system us- 
ing sheet light has difficulty in determining the light- 
ing conditions, because a wheel surface has specu- 
lar reflection. Our method, using image contours, 
can easily determine the lighting conditions and has 
the following advantage compa&l to this previous 
method. The use of image taken under normal light- 
ing conditions in our system allows an operator to 
observe the wheel surfaces directly, and hence other 
defects on wheels are detectable. 

The problem in our system is that the measure- 
ment accuracy of the system is affected by the po- 
sition variation of the train wheel. Because a train 
wheel consists of a smooth curved surface, the image 
contour changes due to both the position variation 
and abrasion. 
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The positional error of a train wheel is corrected 
using the method proposed here. The wheel posi- 
tion is estimated from the image contour, and the 
abrasion value is corrected using the estimated wheel 
position. 

2 Equation of wheel contour 

Fig.1 shows a cross section of a train wheel. A 
train wheel is a solid of revolution and so consists of a 
cross section rotating around an axis. The right flat 
region of the flange in a Train wheel section makes 
contact with the rail and abrades due to friction. 
But, the left region of the flange in the wheel sec- 
tion does not abrade, as the region is not in contact 
with anything. Consequently, the wheel position is 
estimated from the image contour of the left region 
of the flange. 

Figure 1: Cross section of a train wheel. 

In our system, a 3D shape model of train wheel is 
represented by truncated cones piece-wise along the 
axis of rotation. 

Ponce et.al. [2] proposed a position recognition 
method for parallel projected torus shapes, but, 
many objects in industrial applications have a com- 
plicated shape, and a piecewise object representa- 
tion is more appropriate. Suppose point p = (x, y) 
on the image contour of a train wheel is the pro- 
jection of a 3D point P = (x3, y3, z3) on the wheel 
surface. These points p and P must satisfy all of the 
following conditions; 



1. 3D coordinate P is on the surface of a trun- 
cated cone represented by some parameters( 
such as center coordinate and shape of the 
truncated cone). 

Assume the center of a truncated cone is 
(xo, yo, zO), and the rotation axis is parallel to 
the xaxis. A 3D coordinate P on the surface of 
the truncated cone satisfies the following equa- 
tion. 

where a and b are parameters representing the 
radius and the slope of the truncated cone, re- 
spectively 

2. The normal vector to the surface of the trun- 
cated cone at P and the viewing vector from 
the camera to the coordinate at P are perpen- 
dicular. 

The outer product of the tangent vectors on 
the surface result in the following normal vec- 
tor to the surface. 

Suppose the camera is at  the origin. Then 
(x3, Y3, z ~ ) ~  is the viewing vector from the 
camera to the coordinate. Consequently, con- 
dition 2 can be represented by the following 
equation. 

3. p is the perspective projection of P onto the 
camera image plane. 

Fig.2 shows the camera coordinate system. 
The camera is at  the origin 0, and the view 
direction is aligned with the z axis of the 3D co- 
ordinate. A 3D point P is projected onto point 
p in the image plane by a camera with focal 
length f .  On this coordinate, p and P satisfy 
the following perspective projection equations. 

The projection to the image of a truncated cone 
satisfies the simultaneous equations(l), (3), (4), (5). 
Therefore, the following equation(6) representing an 
image contour of a truncated cone is derived by sim- 
plifying and eliminating 23, yj, z3 from the previous 
equations using symbolic calculation software. 

The solution to this equation gives two values of 
x for each y, but only one value will be in the field 
of view define by the image. 

Figure 2: Camera coordinate system. 

As mentioned before, the train wheel is repre- 
sented by truncated cones piece-wise along the axis 
of rotation, and so the image contour model of the 
train wheel consists of piece-wise curve. Therefore, 
equation(6) shows the contour of each truncated 
cone for some ranges of x. 

Because the rotation axis of the truncated cone 
is parallel to the X axis, the three dimensional sur- 
face of the truncated cone exists in certain range 
of X. Therefore, the following equation(7), repre- 
senting the relation of the x coordinate of the image 
contour to the X coordinate on the surface of the 
truncated cone, can be derived by simplifying and 
eliminating y3,z3 from the simultaneous equations 
(1),(3),(4)- 

The derivative of the image contour described by 
the projection of piece-wise constant cones is not 
continuous at the contact point of the truncated 
cones. 



If the discontinuity is convex, there is a ridge be- 
tween the truncated cones. The ridge between the 
truncated cones is represented with a circle, and the 
projection of circle onto the image is represented 
with the following equation. 

&f2 + y2) - 2xxo(yyo + f to)  = 
x2(r2 - Yi - t i )  (8) 

The image contour of the train wheel is represented 
with the contours of the truncated cones and ridges. 

3 Measurement method -. 

X z 

In manual measurement of abrasion, the train 
wheel abrasion is measured at  a reference point 
shown with black circle in Fig.1 with a measuring 
tool. This system measures the train wheel abra- 
sion directly from the image. The problem in this 
system is that the position of the reference point in 
the image changes by the position variation of the 
wheel. Because a train wheel consists of a smooth 
curved surface, the image contour changes due to 
the position variation. 

Fig.3 shows a model of the image taken with the 
Maintenance system. The image is taken by the 
camera set under the rail. k shows the horizontal 
position of the crossing point of the wheel contour 
and predetermined raster line, k + c shows the x 
position of the reference point in the image, and h 
shows the vertical distance between the top of the 
flange and the reference point. The difference of 
measured h value from the standard h value shows 
the abrasion of the train wheel. A problem that we 
solve is that the x position of the reference point 
changes by the position variation of the wheel. Be- 
cause a train wheel consists of curved surface, the 
parameter c changes by the position variation of the 
wheel. 

The position variation of the train wheel has three 
rotational components and three translational com- 
ponents. But the rotational components are ne- 
glectable. Also,the system can correct the two trans- 
lational components along Y and Z axis of Fig.3 
from an image taken from another direction. Conse- 
quently, the train wheel position variation along X 
axis of the image is the only uncertain parameter. 

Because the values of the other parameters such 
as shape parameter a, b,focal length f and a position 
on the image contour (3, y) are known in advance, 
we can solve the image contour equation(6) for Xo. 
Then, the x position of the reference point c can be 
found using the Xo value and the equation(7). 

Hence, the position of the reference point in the 
image is estimated and the train wheel abrasion can 
be measured a t  the estimated reference point. 

This method can be easily applied to a different 
shaped wheel by changing the parameters to repre- 
sent the new wheel shape. 

Figure 3: parameters measured from the image. 

4 Experimental Result 

Fig.4 shows a computer generated train wheel im- 
age with the estimated contour superimposed on top 
of it. The generated contour accurately overlays the 
graphics contour at  the left region of the flange. The 
cross section of the top region of the flange consists 
of a circle, and this region can't represented with 
truncated cones. 

Fig.5 shows the relation between parameter k in 
Fig.3 and the X position variation of the wheelXo 
in this system. The relation of Xo and k can be ap- 
proximated with a one dimensional linear equation 
Ic = 7 . 1 0 ~ ~  + 229.42. This equation says that , the 
system correct the Xo with 0.15mm accuracy if the 
measurement error of k is less than 1 pixel. 

Our method can easily generate such a graph from 
the analyzed equation. 

Table 4 shows the accuracy of our method com- 
pared to the ordinary method over 18 experiments. 
In each experiment, the 3D wheel position var- 
ied from the standard position within the range of 
f 5mm. 

The row entitled measurement tool shows the re- 
sult using the ordinary measurement tool. In the 
before correction, the wheel is assumed on the stan- 
dard position,and the system used fixed c value. In 
the after correction,the wheel position is estimated 
and the system used c value calculated by presented 
method. 

The table shows the maximum value of the er- 
ror from the value measured with this system and 
the mean value measured with the measurement tool 
and the standard deviation of the error. 

The presented method can improve measurement 
accuracy, and the system can satisfy an objective 
accuracy of 0.5mm. 



5 Conclusion 

We have presented a method to recognize a com- 
plicated curved object from an image contour. The 

Table 1: experimental result train wheel, which is the object in our system, is rep- 
resented with truncated cones piece-wise along the 

method axis of rotation. Equations that represent the pro- 
jection of the truncated cone onto the image are an- 
alyzed to an equation that represent the image con- 

after correction 0.32 0.19 tour. The system estimates the train position from 
measurement tool 0.15 this equation, and corrects the measured abrasion 

value. Experimental result shows that the system 
can satisfy an objective accuracy. 
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Figure 5: relation of wheel position and k 
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