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Abstract: This paper introduces the problem of typeface
classification of Hangul characters and proposes features
for typeface classification among Serif and Sans-serif
classes. Serif classes have a small decorative stroke around
the beginning of vertical strokes, while Sans-serif classes
have no serif. Therefore, the serif part is first segmented
from the vertical strokes, and the direction of the serif is
computed as the feature for Hangul typeface identification.
To evaluate the performance of the proposed system, we
used 3,000 characters extracted from Korean documents —
1,500 from Serif fonts, other 1,500 from Sans-serif fonts.

1. Introduction

Today a lot of information has to be acquired from various
kinds of printed documents, such as newspapers, magazines,
books, forms, journals, technical reports, and so on. The
amount of these paper-based documents is increasing day
by day in spite of the omnipresence of electronic documents.
Therefore, there is a huge demand on document imaging
technologies for the storage, processing, indexing, retrieval,
and reproduction of large volumes of printed documents.
[3-19]

Two approaches for document indexing and retrieval
have been developed. One reads the document image by an
optical character recognition (OCR) system and converts it
into an adequate electronic format, and then applies both
indexing and retrieval with this format. The other approach
is based on keyword spotting where the document image is
first segmented into words, and the user keywords are
located in the image by a word-to-word matching. Although
some researchers have shown that the latter approach is
superior in document indexing and retrieval, the two
approaches actually complement to each other and a hybrid
approach is being developed as an alternative.

In this paper, we propose a system for optical font
recognition (OFR) that can be used to improve the
performance of OCR and keyword spotting technologies on
Korean documents. Assuming that the document image is

decomposed into characters, the system extracts some

typographical features from the character strokes and then
identifies two types of font typefaces — Serif and Sans-Serif
fonts. These two fonts are the most popular font classes in
Korean word processors, and further classifications can be
performed after a rough classification by the proposed
system. Figure 1| shows the overall diagram of proposed
approach.

Beside the improvement in document indexing and
retrieval technologies, optical font recognition has vaiuable
applications:

® Improvement of OCR perfoemance using the font
information of character (4, 5, 6, 7, 8, 9, 13]

@  Generation of text summarization in the field of
information retrieval using special attributes [3,
10, 11]

® Document structure analysis by the use of
contextual information {3, 12]

® Document reproduction [14]
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Figure 1. Overall structure of font recognition system

2. Proposed System

A remarkable distinction between Serif fonts (Myungjo,
Batang, Gungsuh typefaces) and Sans-Serif fonts(Gothic,
Gulim, Dotum typefaces) is in the serif. Serif is a kind of
decoration around the end of vertical strokes in a character.
Figure 2 illustrates some examples of serifs in Myung-jo
typeface.
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2.1 Serif Region Extraction

Serif fonts have a small decorative stroke at the beginning
of vertical strokes, but Sans-Serif fonts have no serif.
Therefore, the serif part is first segmented from the vertical
stroke, and the direction of the serif is computed as the
feature for typeface identification.
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Figure 2. Various serif type of Hangul

First a thinning operation using vertical and horizontal
run analysis is applied on the character image, and then
segments for vertical (or vertical) strokes are gained by
horizontal (or vertical) run analysis. Serif region exists
around the beginning part of a vertical stroke segment
which does not meet with any horizontal stroke segment.
Figure 3 shows the extraction of serif region, where the left
image is an input Hangul character and the right one is a
thinned version of the character. When we consider two
vertical segments s, s, in Figure 3, the beginning part of s,
meets with a horizontal segment, but that of s; does not
contacts any horizontal stroke. Therefore, we extract s; as a
serif region.
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Figure 3. Extraction image for Hangul in Serif region.

2.2 Direction Vector of Serif

Extraction of serif parts from a Korea character is
performed by an analysis of its skeleton - refer to Figure 4.
Let a segment be a sequence of connected skeletal pixels,
whose degree, defined as the number of neighboring

skeletal pixels, is two in every pixel except the starting and
ending ones. Then the serif is defined as a set of the first
five pixels in a vertical segment, Py, P;, P,, P; and P, in
which the degree of the starting pixel Py is one. Once a serif
is detected, the four line segments, PoP,, P;P, P,P; and P;P,
are formed and the direction of each line is computed. Here
the direction falls into one of the 36 sectors, and an average
direction of the four lines is determined as the feature of
serif.
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horizontal
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Figure 4. Extracted serif region of run

Direction vector v, defined as the vector from i-th run
to j-th run, is computed as following:
= (=% 3y~ (). Q
Assume that D is the position in which is direction vector
vy falls in within a 36 sector plane, the final feature D of the
serif region is computed as an average:

D= (X DN -1, =i+
i=0

where N is the number of runs in serif region.
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Figure 5. The direction of Serif and Sans-serif
fonts in a 36 sector plane

Figure 5 illustrates some examples of serifs in Myung-
jo and Gothic typefaces for Korean characters. As can be
seen from the figure, the presence of serif is quite different.
Here the direction falls into one of the 36 sectors, and an
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average direction of the four lines is determined as the
feature of serif. In fact, it is observed that the feature value
in a Serif font is greater than 27 and that of Sans-serif font
is less than or equal to 27. '

3. Experimental Result

To evaluate the performance of the proposed system, we
used 3,000 characters extracted from Korean documents —
1,500 from Serif fonts, other 1,500 from Sans-serif fonts.
Table 1 and Figure 6 show the distribution of serif strokes
for 6 different font typefaces — three of them are Serif fonts,
and the other three are Sans-serif fonts, respectively. It is
obvious from the figure that Serif and Sans-serif fonts have
quite different distributions in the feature space of stroke
directions. This fact proves that the proposed feature for
Serif and Sans-serif classification is effective and can be
used for a optical font recognition successfully.

Table 1. The direction vector distribution of Serif regions

D | Gulim | Dotum | Gothic | Batang G:nuf Myj‘;“ 8
0] 8 0 0 0 0 0
IE 0 0 0 0
2] 2 0 0 0 0 0
23] 40 | 75 3 0 0 0
241 0 ] 18 0 0 0
5] 0 0 [ 199 | 0 0 0
%] 447 | 424 | 275 | 0 0 4
271 0 0 5 0 0 | 19
%] 0 0 0 33 1 | 68
291 0 0 0 | 180 | 43 | 191
30] 0 0 0 | 120 | 263 | 174
311 0 0 0 | 118 | 81 | 44
2] 0 0 0 20 | 713 | 0
3] 0 0 0 29 | 38 | 0
3] 0 0 0 0 1 0
35| 0 0 0 0 0 0
freq Direction distribution of serif strokes

Figure 6. Distribution of Serif stroke direction

As can be seen from the diagram in Figure 6,
distribution of Serif (Batang, Gungsuh, Myungjo) fonts are
more sparse than that of Sans-serif ones. Most of the errors
has been observed from the characters which have no

vertical strokes (.2, ‘1, etc) .

4. Conclusion

This paper introduces the problem of typeface classification
of Hangul characters and proposes features for the
classification among Serif (Myungjo, Batang, Gungsuh)
and Sans-serif(Gothic, Gulim, Dotum). The proposed
method extracts serif regions around the beginning of the
vertical strokes and calculates the direction of the serif
strokes within a 36 sector plane. We have proved the
effectiveness of the proposed feature with 3,000 character
patterns from Korean documents.

One of further studies is to recognize various fonts
within each category of Serif and Sans-serif and to
construct a complete typeface classification system of
Hangul characters.
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