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1. Introduction

The risk that PWR guide tube support pins will crack
has increased the necessity for the development of
inspection methods and equipment.[1] A special
remote-controlled manipulator has been widely used to
inspect the guide tube support pins. We presented a
matched filter algorithm for detecting the existence and
estimating the position of the guide tube support
pins.[2][3] But, the matched filter algorithm requires
numbers of complex floating point calculations for the
2-D FFT and therefore it can not be fitted in to the
small-sized embedded processors. We proposed a new
simplified method for estimating the position of the
guide tube support pins. It uses most of the operations
with integers. We ported the proposed method in intel’s
xscale processor running at 400mhz. We used gnu C
language in embedded linux operating system. We can
calculate the algorithm at a rate of 20frames/sec. in a
160*120 image size.

2. Method and Result
There are many researches for controlling a robot

with camera images.[4][5][6] We have depicted a
flowchart of our method in figure 1.
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Figure 1. Guide tube and support pin position tracking
algorithm

2.1 Edge detection

We use a USB camera and take the image size of
160*120 at the rate of 20 frames/sec. We used the
famous sobel’s operator for an edge detection. And then,
we applied the appropriate threshold to the original
image and converted it to a binary valued image as in
figure 2 (b).
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Figure 2. Control rod support pin (a) Original image
(b) Binary valued edge image

2.2 Find Guide tube’s center point and support pin’s
center point

Figure 3 shows the variables and coordinates for the
guide tube’s and support pin’s center point detection in
a binary valued image. First, we searched the U, D, L,
R.

Figure 3. U, D, L, R point search in 320¥240 edge image

We treat the 2-D image as 1-D sequential data for a
fast evaluation of the searching algorithm. We can find
the coordinates of x, y as (1).

U(xy,yu) -> xg=U%width , yy=U/width
D(xp,yp) > xp=D%width , yp=D/width

L(xp,yL) -=> x;=L%width , y;=L/width

R(xg,yr) -> xg=R%width , yg=R/width )



Where, U is the index of that corresponding to U at the
1-D sequential image data and D,R,L are those
corresponding to D,R,LL respectively. And ‘%’ means
the modulo operation, ‘/> means the integer division and
width is the width of the image.

Next, the center coordinate of the guide tube is obtained
as follows.

Xrm= (XLTXR)/2,
yrm=(yutyp)/2 (@)

There are two support pins per each guide tube
therefore we define their center coordinates as follows.

PMI(XPMI,YPMI), PMZ(XPMz,Ysz)

And we discriminate the two support pins as follows.

If((xk - X) > (yu- ¥p))
PM1(x;+1,yL), PM2(XR-1,¥R)
else
PM1(xy,yy-1), PM2(Xp,yptr) 3)

Where, 1 is the radius of the support pin. And upper is
the case for two support pins horizontally aligned and
lower is the case for two support pins vertically aligned.
We can obtain the center coordinates of a guide tube
and the two support pins by (1)(2)(3).

We applied the proposed method to the guide tube
support pin’s inspection robot.

Figure 4. Experience in our lab.

3. Conclusion

We used a video image for a control of the support pin’s
inspection robot. We proposed a simple integer based guide
tube and a support pin search algorithm that could be ported
into a small-sized embedded processor. Our method is
efficient and operated on a real-time for today’s high-end
embedded processor. But there are some problems such as its
too sensitive at the light noise and an undetermined result in
the case of two support pins aligned vertical.
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