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With a surge of interest in OCR in 1990s, a large number of handwriting or hand-
printing databases have been built one after another around the world. One prob-
lem that researches encounter today is that all the databases differ in various ways
including the script qualities. This paper proposes a method for measuring hand-
writing qualities that can be used for comparison of databases and objective test
for character recognizers. The key idea involved is classifying character samples
into a number of groups each characterizing a set of qualities. In order to evaluate
the proposed method, we carried out experiments on KU-1 database. The result
we achieve is meaningful and the method is helpful for the target tasks.

1. Introduction

There are several handwritten character databases?!, covering a variety
of writing styles and shape distortions, which have been frequently used to
test the performance of various recognition systems. In order to evaluate and
compare objectively the performance of those systems, it is necessary to carry
out the task on common databases. However, this is often not possible, be-
cause of the unique properties of character databases each of which is used
for and adapted to training and testing each specific recognition method. It
is, therefore, desirable to estimate the level of recognition difficulty of a given
database by some automatic quality measurement which is independent of the
characteristics of recognition methods 2.

In this paper, we propose an extended average entropy(EAE) measure
which has been stemmed from the average entropy(AE)?:? in binary-scale, to
directly measure the handwriting variations in gray-scale databases without
adopting any error-causing binarization. Then, we use the EAE measure to
evaluate the quality ** 5 of handwriting and to classify all samples within a
class into several groups according to their handwriting qualities.

In order to verify the performance of the proposed method, experiments
have been conducted on a large-set off-line handwritten Hangul character

" This research was supported by Creative Research Initiatives of the Korean Ministry of
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database, KU-1, developed by Korea University !. From the various exper-
iments, it was found that the proposed method evaluated the qualities of
handwritten Hangul characters objectively and automatically.

2. Extended Average Entropy

In this section, we extend the average entropy(AE) measure to gray-
scale, call it the extended average entropy(EAE) and use it to measure the
handwriting qualities of each group.

Given M images of size X x Y with L gray levels, let the gray level of a
pixel (z,y) be denoted by I(z,y). Then, we define several terms at position
(z,y) as follows:

e Frequency : F(z,y;l) = Eﬁm/lzl Cn(z,y;1),
where Cp,(z,y;1) = 1 when I(z,y) = [, i.e., the gray level at posi-
tion (z,y) is equal to I. Therefore, the frequency has a value of 0 <
F(Il]',y,l) SMa:E: 152a"'aX; y:1527"'7Y; l:()a]-a"'aL_]-'

e Probability : P(z,y;l) = W ,
with the following stochastic constraint:
0< Pleysl) <1, Y5, Pla,yl) =1.

o Entropy : H(z,y) = — >~ P(z,y;1)log, P(z,y;1).

Finally, we define the extended average entropy (EAE) in gray-scale, E4,
based on the above definition of entropy, as follows:

" 1 X Y

z=1y=1

where the EAE has a value of 0 < E4 < 1 with the equalities in order when
all images of a class are the same and when the probabilities P(z,y;!) for all
[ at each position are the same.

3. Handwriting Quality Measurement

The proposed method is composed of three steps: initialization, evaluation
and group construction and no preprocessing and feature extraction is used
because our intention is to measure the handwriting variation of original data
only.
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3.1. Initialization step

There are many types of variations in handwritten characters, including
different writing styles, obviously it is helpful to start with a good reference
group for a successful grouping or clustering of character samples.

In this step, for making the n-th group G,, the temporary reference
group is set and all data are sorted according to the results of initial quality
evaluation.

¢ Initialize a reference group, R, : Select a set of M arbitrary samples
from the ungrouped set, and assign it to the temporary reference group
R,,. Then, the corresponding reference template is created by the average
behavior of the samples in the reference group.

¢ Evaluate initial quality : The qualities of all samples in the ungrouped
set are evaluated and sorted according to their distance from the reference
template.

3.2. Evaluation step

Since the initialization of the the reference group by the previous method
is too simple, there may be unnecessary computation and the good reference
group might not be set. Therefore, the proposed method examines the vari-
ation within the reference group, to confirm its suitability. In this step, the
reference group is modified, the quality of each sample is evaluated and the
variation measure of the group is examined to guarantee that the reference
group is properly set.

e Modify reference group, R, : The reference group R, is replaced
by the first M samples of the sorted data, and a reference template is
modified by the average image.

e Evaluate qualities : The quality of each sample is evaluated and sorted
according to its distance from the reference template, the same as in the
initialization step.

e Measure variation, V,, : In order to ensure that the reference group is
good, the extended average entropy(EAE) in gray-scale defined by Eq.(1)
is measured, i.e., V,, = EA. If the variation is less than the previous
variation value, V,,_1, the reference group is regarded as of good and is
still able to be improved by the reference group modification.
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3.8. Grouping step

Each group is constructed by assigning a different number of samples
according to its EAE measure, i.e. the greater the EAE, the smaller the
number of samples in the group; the smaller the EAE, the larger the number of
samples. Based on this concept, we construct the group G,, using the following
procedure:

while (V, < Vr) {
t=1+1
add the next similar image I; to the current group, G,
calculate the handwriting variation, V,,

}

remove the used data from the ungrouped data

By applying this procedure, we expect that the handwriting samples are
grouped with a different number of data according to their handwriting vari-
ations.

igure 1  n example sequence of constructing the fourth group of character

Figure 1 shows an example sequence of constructing the th group of
sample data within Hangul character . In the figure, upper images are the
reference templates made by averaging samples of the reference group, and
lower images are some samples of constructed to the th group G4, while n
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denotes the iteration count and V,, denotes the variation value. As the iteration
count increases, the reference template has better shape and the variation
values is reduced and both converge after times of iteration.

. Experimental Results and Analysis
1. he 1 data ase

As detailed in previous research®, KU-1 is a large-set off-line handwritten
Hangul character database. It consists of 1,000 sets of the 1, 00 most frequently
used Hangul hand-written characters among the KS 2, 0 Hangul character
set. They were generated by more than 1,000 different writers of different social
environments, occupations, and geographical distributions. Each character,
written in a X box, has been scanned with a resolution of 00 1.

.2. Experimental results

In order to verify the performance of the proposed method, the test set
has been divided into several quality groups, and then variation have been
analyzed.

igure xtended average entropy and size of each quality group

Figure 2 shows the results of each quality group, where (a) shows the size of
samples grouped into each quality group and (b) illustrates the variation value
measured by extended average entropy of each quality group. As we can see
from these graphs, the number of quality groups and the the number of samples
divided into each quality group are different according to their distribution of
handwriting qualities. The results show that the variation increases at linearly
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from the first group, G1 and that the proposed method classifies samples into
several groups properly and the measurement of quality is done correctly, by
using the extended average entropy(EAE).

Figure shows the first 20 samples of each data group classified through
the proposed handwriting quality measurement. From this figure, we can con-
clude that the connectivity among strokes and the variety of strokes are more
conspicuous, and the separation of phonemes is weaker, as the data differ more
from the first group. Thus, it is evident that the proposed method measures
the handwriting qualities in accordance with the human criteria.

igure irst 0 samples of each data group
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