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We propose an active handwritten Hangul segmentation method. A manageable
structure based on Run-length code is defined in order to apply to preprocessing
and segmentation. Also three fundamental candidate estimation functions are in-
troduced to detect the clues on touching points, and the classification of touching
types is attempted depending on the structural peculiarity of Hangul. Our ex-
periments show segmentation performance of 88.2% on touching characters with
minimal over-segmentation.

1 Introduction

Conventional Hangul segmentation methodologies generally separate charac-
ters by observing the minimal vertical profile of a string. However, there is
sufficient possibility of improper segmentation, and this convincingly leads the
segmented patterns with defective artifacts to be recognized incorrectly.

An example of 3 separable syllables is shown in Fig.1. The syllables in
bounding boxes after the conventional segmentation are almost similar to dif-
ferent Hangul characters, and it is well known that to find exact segmentation
points without recognition is very difficult. Therefore, this paper intends to
trade off between the reality and the ideal by inducing over-segmentation based
on the structural attributes of Hangul.

We need to define several terms to avoid confusion about Hangul for-
mation. Since each Hangul represents a syllable, there is at least one vowel
and one consonant in a Hangul syllable. Each Hangul syllable is made of
2-6 phonemes. These phonemes in a Hangul syllable are classified as pre-
consonant(s), vowel(s), and post-consonant(s) depending on their relative lo-
cations.! Our goal is to segment exact Hangul syllables.

Hangul phonemes were originally designed by conjugating vertical and hor-
izontal lines with simple dots, and touching of two syllables usually forms small
horizontal contacts after strong vertical strokes. In consequence, it is persua-
sive to focus on strong vertical components within run streams. For a system-
atic approach, here we define a section based on the run-length code. Fig.2(a)
illustrates the 3 types of sections according to the vertical run-length(Vrun)
data structure. Branch runs indicated as dark ones are the runs which have
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Figure 1: Comparison between conventional

and ideal segmentation Figure 2: Definition of a section

Figure : Definition of the angle of a section Figure : Distribution of angles based on the
sectioning scheme

more than two adjacent runs on its one side. First, we define a close section
as a set of runs between two branch runs. Secondly, if a branch run bounds
one side of run stream, it is called hal opene section. Finally, when both sides
open, it is also defined as an opene section. Same definition applies to the
horizontal run-length( run) structure(see Fig.2(b)).

reprocessing - slant correction

We can easily obtain the average slant angle with the angles of a section shown
in Fig.3(a). An angle of a section is defined as the angle of the links between
the centers of the begin run and the end run in a section, when the section has
more than two runs inside.

Fig. shows the distribution of the angles based on the sectioning method.
Statistically, it is clear that Hangul has more diagonal inclinations in this
graph. In fact, handwritten Hangul strings generally have a strong tendency
to be diagonal strokes. It constantly affects the average of angles from the
strokes to be positive-biased unlike English.

From these properties obtained empirically, we can make Eq.(2) in order
to integrate the angles weighted by  which is newly defined in Eq.(1) and
Fig.3(b) by inducing a modified aussian pdf(probability density function)
fitted to the angle occurrence(Fig. ).
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Figure : he results of slant correction

Figure : llustrations of the three fundamental functions
et ,and , 1, .., m bethe height and the angle of the th section
respectively, and then the real length, is denoted as

1

where, m is the number of sections in the string. Thus the expected slant of a
string, is generally obtained by

where, the modified aussian pdfis ( ) , and are some
given constants, and are an average of the angles. Two examples of slant
correction are compared in Fig. .

Segmentation

y divide-and-merge strategy, the touching problem in English has been suc-
cessfully solved.  From another perspective, our problem can be regarded as
a similar issue of it, if the connected components are prepared properly from
segmentation. evertheless, We will focus on the divide process in this paper
because the research for merging is still in progress.

Touching of characters usually leave several clues on a ligature. First
of all, we may observe an abrupt change of stroke width or direction at the
touching point when the two strokes are touched each other with an acute
angle. Secondly, the tail of a character tend to bring out the declination of
stroke width. Finally, the minimum contact occurs with a slight touching.

These three distinctions are considered as the key clues which represent the
three un amental unctions to capture a specific condition. The combination
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Figure : llustrations of the four touching types

Figure 8: rocedures for three touching types

of the functions is used as an intellectual candidates detector. The functions are
illustrated in Fig.6 and these functions return specific value from the following
methodology

Discreteness: his function measures how ad acent runs are abruptly changed. he

function d in Fig. b is defined as
1 2 2 2
Di erence: et be the height of -th run. hedi erence of the heights between

a pair of runs is returned as a function value. f same heights are given for another
case, the function value is same shown in Fig. c , either.

Overlap:  he function returns the proportion of the to the overlapped portion

of . When we assume that the upper-left corner is the origin of the image, the
overlap function in Fig. d is given as
2 2 1 1

ishiwaki and amada have classified touchings in digits into six types. These
touchin types have been revised by inducing the fundamental functions hier-
archically in order to fit the Hangul. Each type-verification procedure traces
suitable clues through every section.  ultiple touchings are not considered as a
specific type because we assume that the maximum number of touching points
within a section is one. We shall refer to Fig. and Fig. as the ow charts
of the procedures and the corresponding examples in detail, respectively. The
cores of concept for the touching types are as follows
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Figure : xamples of segmentation results from our system: a successful segmentation
b failures

Destination: he procedure is for detecting the -type touching points. A -type
touching can be found as the run whose height is the smallest among the runs
having the maximal di erence.

Wea ridge: Declination of the stro e width is common on the bridge between the
touched syllables. he measure of overlapping may discover the wea est points on
a ligature.

Constriction: When round or vertical stro es are deeply touched, we can separate
them by applying the discreteness feature. he main condition is simple. he begin
and the end runs of a section should be taller than the candidate run.

Concavity: he concavity chec does not have to trace through a section. he can-
didates are given as the Hruns which have more than two upper neighbor Hruns.

perimental Results and Conclusion

Our tests are performed with the 6 address images collected from students.
The numbers of the stings and syllables are counted visually only if the seg-
ments after segmentation have no defects for recognition. The average number
of syllables per address string are 1 . , though the average number of connected
components are 2 . . This is due to the formation of Hangul syllable.

Table 1 shows the numbers of connected components before and after
segmentation is applied. The average number of connected components per
Hangul syllable is substantially increased to 3. 2, nevertheless, it is acceptable
when we notice a Hangul syllable is made of 2-6 phonemes. The performance of
segmentation is also estimated based on Hangul syllables and strings. The test
images contain 1 2 (13. ) single touchings and 16 (1.6 ) multiple touchings
out of 1 syllables. The successful segmentation rate, based on the number
of touchings, are shown in Table 2. Almost of the single touching syllables
are segmented without artifacts in our experiment.

Finally, we counted the number of the strings which have at least one
touching syllables. .  of these 6 images, which have only single touch-
ings, are successfully segmented. The same experiment is applied to the images
with multiple touchings and the result is shown in Table 3. ote that about
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able 1: umber of connected components

1 1 1 111

able 2: egmentation performance for Hangul syllables

1 1 T 1
1 T1 1
able : egmentation performance for Hangul strings
1
of the strings include at least one touching points, and the segmen-

tation performance for the overall string images is quite encouraging. Fig. (a)
and (b) show several examples of segmentation results from our system. We
can observe that most of errors occurs on the touching syllables that are un-
recoverable.

In this paper, we have focused on reducing error in segmentation of hand-
written Hangul.  epending on the structural peculiarity, the several algo-
rithms and functions were introduced in order to overcome the drawbacks of
conventional Hangul segmentation methods. y introducing this approach,

.2 segmentation accuracy is achieved on Hangul syllables with touchings.
Further studies should be on the development of merging schemes in order to
reduce the number of segments after segmentation. Also the classification of
touching types need to be extended to consider confusing touching cases.
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