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Abstract—A character level script identification method to
identify Korean, Chinese and English scripts using PCA is
proposed in this paper. First, the space of eigenvectors was
constructed by using PCA, and the segmented character was
reconstructed by projecting the character into the space. Second,
relative entropy between original and reconstructed image is
computed for vertical and horizontal histogram. Finally, the
written language was identified according to Euclidean distance
and relative entropy between original and reconstructed image.
The experiment results show that proposed method achieved
99.78% high accuracy for correct segmentation which effectively
solved the script identification problem for multi-language text
image contains Korean, Chinese and English.
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L INTRODUCTION

In human society linguistic nature is something about
defining population, that is to say each language defines a
population, and character, which is viewed as visual
manifestation, is one of significant bases for population
identity recognition. Script identification plays an important
role in international polylingual information service and
indexing etc. area, and is meaningful to extend existent OCR
system and develop multilingual OCR system as well[1].

Texture characteristic varies from different types of
character and thus which can be used as characteristic for
script identification[2,3], and the method for extracting
texture characteristic may be divided into two broad
categories—structured-based  and  visual-contour-based
methods[4]. In previous work, several methods of automatic
script identification have been developed so far, such as,
steerable pyramid[2,5], multi-wavelet transform[7], Gabor
filters[11,13] etc. feature extracting methods combine with
SVM[7,8,9,11], decision tree[10], K-NN[11,12], neural
network([7,14] etc. classifiers. In general, there are two
problems in given methods:

e  Most of the methods are combination of feature and
classifier, but training classifier is time-consuming,
and slight deviation in coefficients may cause a big
influence on results.
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The methods identify script at the level of page-wise,
paragraph, text-block, textline-wise and therefore
limit the flexibility to adapt to different forms of
script.

To overcome above problems, we proposed a PCA
(principal component analysis)-based method at character
level for multi-script which includes Korean, Chinese,
English characters. Based on the structure characteristics of
the three kinds of character mentioned above, firstly, the
space of eigenvectors was constructed by using PCA for
each set of characters, and furthermore, the reconstructed
character was obtained by segmenting and followed by
mapping which onto the space, and finally, script
identification was accomplished according to the Euclidean
distance and relative entropy between original and
reconstructed character.

Section 2 presents pre-processing for script identification.
Section 3 describes the proposed method in details. Section 4
is devoted to experimental results and error analysis, and
Section 5 concludes this paper.

II.  PRE-PROCESSING OF SCRIPT IDENTIFICATION

A. Pre-processing and flowchart of script identification

There are skew and noise etc. phenomena during scan
and thus it is necessary to employ skew correcting and noise
removing before script identification. Egozi et al. [14]
achieved high performance in correcting skew using
combination of statistic multi-model and EM algorithm. BI
Xiao-jun et al. [15] proposed higher-order cumulant-based
denoising method which is ideal for removal of additive
Gaussian noise in text images.

Fig.1 shows the procedure of script identification and
the steps are as follows:

e The space of eigenvectors was constructed for each
kind of character set, and pre-processing and
character segmentation were done for the text image.
Reconstructed character is obtained by mapping a
character onto the English space, and the horizontal
and vertical histogram of reconstructed image and
original image were computed.

Computing the Euclidean distance and relative
entropy between reconstructed image and original
image. If the Euclidean distance and relative entropy
satisfy the restricted condition then the character is
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identified as English or re-mapping the original
image onto the Korean and Chinese space in
sequence.

e The rest can be done in the same manner, if the
image does not satisfy the restricted condition then it

will be rejected to identify.

mapping onto the space
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Figure 1. Procedure of script identification

B.  Character segmentation

The proposed method is at character level, and therefore
character segmentation step is necessary that is greatly
related to identification accuracy. Most prevailing
segmentation method is valley-position-based method, but
different character structures make it impossible to
segment correctly only using valley information. To
improve the segmentation accuracy, according to the
structure characteristic of three kinds of character (i.e.
Korean, Chinese and English), we use width and centroid
of character and valley position of vertical histogram as
segmentation criteria.
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Figure 2. Two different segmentation methods
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Fig.2 (a) shows vertical histogram of the text image, and the
result segmented by valley position-based method as shown
in (b), in which Chinese character ‘fJ” and Korean character
¢’ were separated into two parts, but the proposed method
segmented correctly as shown in (c).

III.  PCA-BASED SCRIPT IDENTIFICATION

A. Constructing the space of eigenvectors

Each set of characters has their own structure
characteristics and thus in one set of characters they have
some common features, based on this idea we can use less
data to describe the set of characters. Principal component
analysis (PCA) is a mathematical procedure that uses an
orthogonal transformation to convert a set of observations of
possibly correlated variables into a set of values of linearly
uncorrelated variables called principal components [17]. By
using only a few largest principal components we can attain
the lower-dimensional data that best explain the structure
characteristics of the specific characters. Let N by M image
I(x, y) becomes a vector P;ER (k=NxM), and then the
average image is given by

1 n
avg=—> P, ()
n -
and covariance matrix of the image is
1 i=n T
C=—> 00, 2)
n—173

where @, =P, —avge R (k=NxM), and n indicates the

total number of characters. The space of eigenvectors can be
constructed by using eigenvectors which corresponding to
the largest associated eigenvalues.

Korean characters can be divided into 12 kinds of
structures according to the statistic characteristic [18, 19],
based on this idea we can obtain 5, 2 and 1 spaces of
eigenvectors for Korean, English and Chinese separately.
The eigenvector of capital letters, small letters, Korean,
Chinese are as shown in Fig.3, in which the eigenvectors are
presented in two-dimensional image. It may be noted from
Fig.3 that English letters are mainly concentrated in the
center, less dense and the distribution area are small, and
Korean letters are more regularly arranged compare to
Chinese, and the components of Chinese characters are
relatively dense and complex.

Figure 3. Eigenvectors of three kinds of characters

B.  Character reconstruction and script identification

Reconstructed image is attained by projecting the
original image onto the space of eigenvectors using (3).



=(P-avg)' V (3-2)

P=wV+ avg (3-b)

where VeR' (l=NxM) is the eigenvectors of covariance
matrix C mentioned in (2).

There is structure correlation in each set of characters, so
when the character is projected onto the corresponding
feature space the reconstructed image resembles the original
image in appearance, and while projected onto the other
feature space the reconstructed image appears quite different
from the original image. Fig. 4 illustrates two cases
mentioned above.
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Figure 4. Original image and reconstructed image

As seen in Fig.4, Korean character (a) does not change
radically when projected into the corresponding space, and
the reconstructed image is as shown in (b), while the
Chinese character (d) which is reconstructed in Korean
space appears so different from original image (c) that it is
impossible to identify whether it is Chinese character.

C. Script identification algorithm

Euclidean distance | p — p | between original image

and reconstructed image can be adopted to describe the
difference between the two images, and, in addition, the
relative entropy of horizontal and vertical histograms
between two images is also important to measure the

difference. After the histogram normalization, relative
entropy can be computed by
n
A 0.
Erel(P’P) :zQi logZQTl 4)
i=1 ;

where Q; and Q, denote the i-th value in horizontal or

vertical histogram of original image and reconstructed

image respectively, and » means the width or height of the

character. The smaller value of relative entropy indicates the
more similar in appearance of histograms.
The script algorithm involves following steps:

Step 1: Compute the average images according to (1) for
Korean, Chinese and English character.

Step 2: Compute the covariance matrix of the three types of
characters according to (2), and find the eigenvectors of
the matrix; establish 2, 5, 1 feature spaces for English,
Korean, Chinese respectively using eigenvectors
corresponding to the top 30, 80, 150 largest eigenvalues
as orthogonal vectors of the feature space.

Step 3: By (3), reconstruct image that projected into the
English space.

Step 4: Compute Euclidean distance between the two
images and relative entropy by (4); if the restricted
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condition is not satisfied then project the original image

into the Korean space or identified as English character.
Step 5: After the same procedure for Korean and Chinese

space in sequence, if the restricted condition is not
satisfied in all cases then the character is rejected to be
identified.

In above steps the restricted conditions for English and
Korean denote that Euclidean distance between two images
and horizontal and vertical relative entropy are less than the
given thresholds D, EH, EV respectively, and for Chinese it
means horizontal and vertical relative entropy are less than
the given threshold E. Fig.5 illustrates the script
identification result of multi-script image which includes
Korean, Chinese and English, where the mark circle, cross
and plus indicate the identified result of Korean, Chinese

and English character respectively.
\
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Figure 5.

D. Experimental result

Experiments are performed on the dataset that include
two parts, to make sure total characters of Korean, Chinese
and English can be tested; the first part is obtained by
computer system, and the other part is consists of scanned
images. It is founded that top 30, 80, 150 largest
eigenvalues corresponding to English, Korean, Chinese
account for 75.89%, 67.80%, 84.45% of the sum of
eigenvalues respectively, and the thresholds D, EH, EV and
E mentioned in algorithm take the value of 250, 0.1, 0.2 and
0.15 respectively.

It is noted from TABLE I that the proposed method
achieved high performance and is flexible, since it is at
character level so there is no limitation for script image.
Where IER, SER and RER stand for the rate of
misidentification, and rejection, and IER means without
mis-segmentation (Error No.=Character No.x(IER+SER)).
There are certain reasons bring out the misidentification:

e  Structure simplicity. For example, when Chinese’—’
is projected to Korean space it also get the similar
image.

e Overlap between two characters in special font style.
For example, English words ‘face’.

TABLE I SCRIPT IDENTIFICATION RESULTS
Seript Character ~ Error  IER SER RER
Type Num. Num. (%) (%) (%)
Korean 8000 19 0.1 0.13 0
Chinese 15000 45 0.2 0.1 0.28
English 1000 14 0.4 1 0

IV. CONCLUSIONS

It is essential to know the type of script used in writing a
text before an appropriate character recognition method and



document analysis algorithm can be chosen. In view of this,
we proposed PCA-based method in combination with
Euclidean distance and relative entropy, which achieved
high accuracy. The previous work focused on script
identification at page-wise, paragraph, text-block and
textline-wise, and combination of features and classifier.
The proposed method addressed the problem of time-
consuming caused by training classier and the limitation to
adapt to different forms of script.

The future work includes that generalize the proposed
method, in order to adapt to the other characters and to
improve the performance of identification by adopting
character-recognition-based post-processing.
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