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Abstract

Numeric characters are printed at the end part of nuclear fuel rod containing nuclear pellets.
Fuel rods are discriminated and managed systematically by these characters in the process of
producing fuel assembly. The characters are also used to examine manufacturing process of
fuel rods in the survey of bumup efficiency as well as in inspection of irradiated fuel rod.
Therefore automatic character recognition is one of the most important technologies in auto-
matic manufacture of fuel assembly. In this study, character recognition system is developed.
In the developed system, mesh feature extracted from each character written in the fuel rod
has been compared with reference feature value stored in database, and the character is thus
identified. In the result of experiment, 95.83 percent recognition rate is achievable.

2 of
g 27t BAE L el 23] T YRt 4749 HAREE THAFE DR £3)
7 laslo] et AR s Akl AE R A 248 WAZEL H Tl 2o T3 A
Aoz aels 2 g on obge MAR A ol 44l A Y AEF AR 74| Foboll 4 o
ARG AEHNY S0 o] §3 T glek BARE 2 FFQAL AAT YA A 25hG el 2}
532 Sl A4 Agolch £ ATNAE AARE TN A28 L A oted, o B Lol
ARY A AL 4o FFE A SAEE oleol 2o A3 FB T4 525 D



Development of Automatic Nuclear Fuel Rod Character Recognition System---W.K. Kim, et al

b5

o)
ol

shod A-50 2 Bl 4E

ek

1. Introduction

When the characters are read and recorded by
a man in the process of recognizing characters
in fuel rod, it is difficult to manage data promptly
and systematically. In order to manage data effi-
ciently, to reduce the job quantity of workers, and
to increase productivity, it is necessary to de-
velop automatic recognition system for identifying
fuel rod characters(1]. In this study, the characters
in the fuel rod are acquired by CCD camera, and
the acquired data are processed by image proces-
sing technique. After mesh features of a character
are extracted, the character can be recognized.

2. Construction of Fuel Rod Character
Recognition System

The schematic diagram of fuel rod character
recognition system is shown in Fig. 1. The fuel
rod image is relayed to image processing
board(AT-100) by CCD camera, and the input
image is processed by host computer. Then, the
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Fig. 1. Block Diagram of Fuel Rod Character Recogni-
tion System
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input image as well as the processed result is
displayed on RGB monitor.

3. Algorithm of Character Recognition

There are two regions, character region and the
remaining region, in the acquired image from
CCD camera. In order to extract character region
only, the first order differential operator is used.
The character region is divided into three areas
and binarized in each area. Then feature vector is
extracted by making use of mesh feature. The
character is recognized by comparing the ex-
tracted feature vector with reference feature vec-
tors stored in database. Fig. 2 shows the proce-
dure for recognizing characters in fuel rod.
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Fig. 2. Flow Chart of Character Recognition
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3.1. Segmentation

Fuel rod image is composed of eight numbers
and two hyphens as shown in Fig. 3. Image seg-
mentation is divided into horizontal and vertical
direction. In this study, the one—dimensional first
order differential operator is used to segment im-
age as shown in Fig. 4[2-4].

Fig. 3. Original Image of Fuel Rod

Fig. 4. The First Order Differential Operator

3.1.1. Horizontal Segmentation

The first order differential operator is adopted
for detecting the boundary region in the horizontal
direction, and then the absolute value is projected
to each horizontal line. The projected value is
smoothed by an average filter of size 5. Here,
the values of character region are larger than
those of the other region. The character region is
horizontally segmented out by these different
levels. The procedure is shown in Fig. 5.

3.1.2. Vertical Segmentation

The first order differential operator as well as an
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Fig. 5. (a) The First Order Differential Operation Proce-
dure for Horizontal Image Data
(b) Projection Values Smoothed After Average
Filtering

average filter is used vertically for image seg-
mentation in the same way. The procedure is
shown in Fig. 6. Rod characters are composed of
eight numbers and two hyphens, so ten peaks are
represented in the result. The choice of eight
peaks from ten peaks are needed for segmenta-
tion. After the threshold level is found, vertical
segmentation is completed.
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Fig. 6. (a) The First Order Differential Operation Proce-
dure for Vertical Image Data
(b) Projection Values Smoothed After Average
Filtering

Fig. 7. Segmented Image

3.1.3. Binarization using variable threshold

Real images are affected by not only irradiation
conditions but camera characteristics. Since fuel
rod is round, brightness level is not uniform in the
locations of character region. In order to over-
come this restriction, character region is divided
into three areas as shown in Fig. 8. The threshold
level is defined in each area. Fig. 9 shows the
resultant binarized image. Note that the brightness
level of character and boundary are reversed for
darity of display.

Region 1

Region 2

Region 3

Fig. 8. Character Area Divided Into Three Regions to
be Binarized

Fig. 9. Binarized Image

3.1.4. Recognition

Mesh features are used to recognize characters.
Mesh feature means the number of white pixels in
each defined mesh. In this experiment, the charac-
ter region is divided into 8 X5(=40) meshes. Each
mesh contains about 5X5(=25) pixels. Nearest
neighbor classifier is used as recognizer. The dis-
tance between feature vector and reference fea-
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ture vector is computed. When the distance is
smaller than any other distances, we define that
the class of feature vector equals that of reference
feature vector. The Euclidean distance in Eq.(1) is
used for our case nearest neighbor classifier as
shown in the following equation (1) [5,6].
Distance= | X (f()—rfi)? M
Here, f(i) and rf(i) are i-th components of the
input feature vector and the reference feature vec-
tor, respectively, and N is the dimension of the

vector and N equals 40 in this case. The recogni-
tion result is shown in Fig. 10.

Fig. 10. Recognized Characters

4. Experiment

In this study, six fuel rods are tested. The speci-

Table 1. Specifications of Fuel Rods

ITEMS SPECIFICATIONS
Manufacturer Westinghouse
Material Zircaloy—4

8.2mm( £ 0.04mm)
9.5mm{+0.05mm)
384.7mm
(+0.2mm, —0.6mm)
2mm(+0.5mm)
3mm(+0.5mm)
NO N1 N2-N3 N4
—N5 N6 N7

Inner diameter
Quter diameter

Length

Width of character
Hight of character
Construction of character
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Table 2. Results of Experiments

INPUT IMAGE RESULT

836—15—-708 836—15-708
818—28-244 818-28-244
833-10-002 893—18-002
827-13-281 827-13-281
837-24-163 837-24-163
837-24-073 837—24—-073

fications of fuel rods are shown in Table 1. The

results of experiments are represented in Table 2.
As can be seen in Table 2, forty—six characters

out of forty—eight characters are recognized cor-
rectly. Therefore, the recognition rate reaches
95.83 percent. Some of characters, like “3”, and
“0” are recognized incorrectly. Due to the similar-
ity in feature vector, “3” is regarded as “9”, and
“0” as “8", respectively.

5. Conclusion

In this study, image processing and recognition
technique for recognizing characters written in fuel
rod are suggested. Fuel rod image is segmented
by horizontal and vertical segmentations using the
first order differential operator. Each character is
segmented and binarized in its region. Mesh fea-
tures are extracted from each character. Nearest
neighbor classifier is introduced to recognize fea-
ture vectors. In this study, 95.83 percent recogni-
tion rate is obtained. In the future, not only new
binarization technique considering nonlinearity of
fuel rod surface but the enhancement of reference
feature data will improve recognition rate to some
degree. It is also expected that complete recogni-
tion will be able to be achieved by adapting neu-
ral network to noise affected or damaged charac-
ters.
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