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Abstract

In Jopanese documents, o single fext lime of o page may
contain both Japanese and English serpis. For the Optical
Character Recognition of such o document page i (5 better to
felentifv Japanese and Englivh seript portions af firse. and then
oy e fndfvidual CCRs of these two serpts on their respect ive
felentified portions to get higher OCR accuracy. In this paper,
an automatic fechnigue for fdentiffcation of Jopanese and
English script portions from o single line of a printed
document page 15 proposed. To the best of our dnowledge this
ix the first work of is kind. Hereo ot firg, the document is
segmented  inte fines and then lines are segmented into
chargeters. fn the proposed scheme, individual seripls are
felentiffed wsing combination of different features obtained
Srom o structunal shape of  charocters,  piteh fnformation
topological properties, water reservoir concept eic. Based on
the experiment on D30 choracters, we obtained 98 79%
felentiffcation aecuracy from the proposed scheme.

1. Introduction

There are many Japanese documents where a single
document page contains both Japanese and English text.
An example of such document is shown in Fig.1. Japmese
OCR software has two reading modes, i.e. Japanese mode
and English mode. The English mode is aimed to
recognize characters used in English text (alphanumeric
characters and symbols), while the Japanese mode is
aimed to recognize all characters used in Japanese text
{alphanumerals as well as symbaols of Kanji, Hiragana and
Katakana scripts). Since the English mode s specialized
for segmentation and recognition of English characters, it
performs better in English region than Japanese mode.
However, the English mode is not available for Japanese-
English mixed text, thus the recognition accuracy of the
English region is relatively low. From the experiment we
notice that performance of existing commercial Japanese
OCR software reduces when the mput Japanese text
mcludes English words/sentences, computer programs
and commands, etc. In this paper, an automatic technigue
for identification of Japanese and English scripts is
proposed so that individual OCE systems can be run on
their respective modes in this identified portion to get
better OCR accuracy.

Among the pieces of earlier work Spitz [1] developed a
method to separate Han based or Latin based script
separation. He used optical density distribution  of
characters and frequently occurring  word  shape
characteristics for the purpose. Using cluster based
templates, an automatic script identification technigque has
been described by Hochberg et al [2]. Ding et al. [3]
proposed a method for separating two classes of scripts:
European (comprising Roman and Cyrillic scripts) and
Oriental  (comprising Chinese, Japanese and Korean
scripts). Using fractal-based texture features, Tan [4]
described an automatic method for identification of
Chinese, English, Greek, Russian, Malayalam and Persian
text. Pal et al. [5] proposed a line-wise script identification
scheme from tri-language documents of Indian scripts. Pan
et al. [8] discussed a method for script identification using
steerable Gabor filters. Dhanya et al. [9] used Linear
Support Vector Machine (LSVM), K-NN and Neural
MNetwork (WNN) classifiers on Gabor-based and zoning
features to classify Tamil and English scripts. Recently,
Jaeger et al. [11] used K-NN, SVM, weighted Euclidean
distance, and Gaussian mixture model to identify English
from Arabic, Chinese, Korean and Hindi texts.

In this paper, a scheme for identification of different
portions of Japanese and English scripts from a single text
line is discussed. Using different features obtamed from
structural shape, pitch information, topological properties,
water reservoir concept etc., the proposed scheme is
developed.
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Fig.1. Example of a document containing both
English and Japanese characters.
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2. Evaluation of OCR performance on
Japanese-English mixed text

Eight test sheets containing both lapanese and English
characters are used in the performance evaluation. Table |
shows the number of characters present in Japanese and
English regions of the respective test sheets.

Four typical Japanese OCR softwares A, B, C, D are
used in the evaluation test. Because of the non-discloser
agreement between the company and laboratory we cannot
provide the names of the four softwares used here. Table 2
shows the accuracy of character recognition obtained by
each of the four OCR softwares on the above test sheets.
This table shows that the character recognition error rates
in English region reduces 6.95% (18.10% to 11.15% on
average) by the use of the English mode mstead of
Iapanese mode. So, mitially if we identify the scripts and
then nn OCR of individual mode, better results can be
achieved and hence we propose a scheme for automatic
identification of Japanese and English scripts.

Table 1. Number of characters in each region of
Japanese-English mixed text sheets

Test sheet English | Japanese | Total
region region
Windows manual 215 528 743
Magazine (ASCII) 157 803 1050
Advertisement 263 972 1235
Magazine (Nikkei 643 1063 1708
Byte)
Magazine (Interface) 253 205 S48
Magazine (ASCIL) 98 1133 1231
Magazine (Interface)] 349 | 1317 1666
Magazine (Nikkei 190 To6 ORG
Byte)
Total 2466 BHIE 11304

Table 2. Accuracy of character recognition for
Japanese-English mixed text (%)

OCR | Japanese region English region
software | Japanese mode |lapanese mode | English mode
A 9288 TH.85 90.44
B 9123 80.20 9251
C 9589 2O .38 B84.73
D BEA41 79.19 87.73

Average 92.10 £1.90 BE.BS

3. Preprocessing and Features Extraction

The digitized images are in gray tone and we have used a
histogram based thresholding approach to convert them
mto two-tone images [1 and 0, where 1 represents
foregroumd pixel]. The digitized image may contam
spurious noise pixels and bregulariies on the boundary of
the characters, leading to undesired effects on the system.
For removing these noise pixels we have used a simple and
efficient method due to [7]. The lines are segmented from
the documents by finding the wvalleys of the projection
profile computed by counting the number of black pixels

in each row. The valley between two consecutive peaks m
this profile denotes the boundary between two text lines, A
text line can be found between two consecutive boundary
lines. After a text line is segmented., it is scanned
vertically. If in one vertical scan two or less black pixels
are encountered then the scan is denoted by 0. Else, the
scan is denoted by the number of black pixels. In this way
avertical scanning histogram is constructed. Now, if in the
histogram there exist a run of at least k: consecutive 0's
then the midpoint of that run is considered as the boundary
of a character. The value of ki is taken as statistical mode
of the horizontal and wertical black runs obtained by
scanning the characters of a line in row and column-wise.

We will now discuss some of the features used in our
script identification.

3.1 Character Pitch Feature

The height and width of printed Japanese characters are
correlated, and the characters are usually aligned in fixed
pitch {by pitch we mean the distance between the CGs of
two consecutive characters). This property can be utilized
to estimate the pitch of character alignment and to detect
the fixed pitch regions. Fix pitch region concept is not
present in English and this pitch feature helps us to identify
Japanese text from mixed Japanese-English text.

The pitch of character alignment in each line is
estimated by the following two procedures. (1) Given a
width of rectangular frame of a character, a ladder of
horizontally aligned frames is shifted from left to right (see
Fig.2). The width of the frame ranges from 80 to 125%, of
the height of characters, and the horizontal displacement of
the ladder ranges from 0 to 100% of the width. (2) The
width of the frame that minimizes the number of black
pixels on the edges of the ladder found in (1) is defined as
the estimated pitch. The number of black pixels on the
edges of the ladder is calculated using horizontal pixel
projection of the text line.
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Fig.2. Estimation of character pitch

Shifting the ladder with estimated frame width from left to
right on the text line, a region of characters enclosed m
five or more successive frames without intersecting any
black pixel is detected as a fixed pitch region (see Fig.3).
Also, at both ends of the text lme, a region of characters
enclosed in three or more successive frames is detected as
a fixed pitch region. In Fig.3 fix pitch regions of the first
line are detected and marked by rectangle in the second
line of this image. If in a text line we get fix pitch region
with five or more successive frames in the middle of the
text line we identify that portion as Japanese. If three or
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maore successive frames are achieved at both ends of a text
line then that portions are also identified as Japanese.
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Fig.3. Detection of fixed pitch region. Fix pitch
regions are marked by rectangle in the second
line of the image.

3.2 Water Reservoir Principle Based features:

The water reservoir principle is as follows. If water is
poured from one side of a component, the cavity regions of
the component where water will be stored are considered
as reservoirs [6]. This water reservoir concept helps us to
find some distinguishable features, which are very helpful
for Japanese and English script separation.

We will discuss now some properties of water reservoir,
Top (bottom) Reservoir: The reservoir obtamed when
water is poured from top (bottom) of the component is
called top (bottom) reservoir. (A bottom reservoir of a
component is visualized as top reservoir when water wall
be poured from top after rotating the component by 1 80°).
Left (Right) Reservoir: The reservoir obtamed by
pouring water from left (right) side of the component is
called top left (right) reservoir. For an illustration see
Fig.4. Here top, bottom, left and right reservoirs of some
English characters are shown.

Fig.4. Tap, Bottom, left and right reservoirs are
shown in different English characters.

Feanrvcin wrilik

Wlatwr M [l
Ragsranl MIEM'—F

Tap rasereni

[Feszreair base]
Fig.5. Reservoir base, flow-level, reservoir height
and width, are shown on a top reservoir of a

component. Here reservoir is marked by grey-
shades.

Water flow level: The level from which water overflows
from a reservoir is called as water flow level of the
reservoir (see Fig. 5).

Reservoir base-line: A line passing through the deepest
point of a reservoir and parallel to water flow level of the
reservoir is called as reservoir hase-line (see Fig.5).

Height of a reservoir: By height of a reservoir we memn
the depth of water in the reservoir. In other words, height
of a reservoir is the normal distance between reservoir
base-line and water flow level of the reservoir (see Fig.5).

Width of a reservoir: By width of a reservoir we mean
the maximum distince among the horizontal distances
obtained between two reservoir surface points at the flow
level (see Fig.5).

All reservoirs obtamed from a direction of a component
are not considered for future processing. The reservoirs
having heights greater than a threshold T, are only
considered. This threshold value is obtained from the
experiment and is considered as 20% of the respective text
line height on which the component lies.

Some of the features extracted from water reservoir
concept are (i) type of water reservoir obtained (top,
bottom, left or right) (i) water flow level (i) water
reservoir height (iv) reservoir width (v) structural shape of
water reservoir surface, etc.

33 Component overlapping feature:

Component overlapping feature is another distimet and
simple feature and it is used for the identification between
English and Japanese texts. In English text, wvertical
overlapping of two components is absent except the
characters “i" and °j° but in Japanese there are many
characters where one component overlaps vertically with
other component. For illustration see Figth where a
Japanese and an English line is shown. From this figure it
can be seen that component overlapping frequently ocours
in Japanese characters. To compute this feature, we draw
the bounding box of each component and check whether
this bounding box vertically overlaps or not. Although two
English characters 1" and °j° have vertical overlapping,
these two characters have distinct behaviors that separate
these two characters from Japanese. For these two English
characters a vertical line-like structure is present in the
position just bellow the upper component and difference of
the width of the two components (dot and main part of 1) is
less that stroke width (Ry) of the character. Here stroke
width By is the statistical mode of the black run lengths of
the character. For a character, B, is calculated as follows.
The character is, at first, scanned row-wise (horizontally)
and then column-wise (vertically). If n different runs of
lengths 1, ry,..1r, with frequencies f,, f,.....f, respectively
are obtained after these two scanning from the character,
then value of By will ber;if fi=max(f). j=1. 2....n
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Fig.6. Text lines with the bounding box of each
component (a) Japanese (b) English lines.

3.4 Crossing count feature:

MNumber of crossing obtained in wvertical as well as
horizontal divection is an important feature for Japanese
and English script. Thisis because of the presence of Kanji
characters in the Japanese text. Analyzing Kanji characters
we note that most of the Kanji characters have more than
three crossing count both i column-wise as well as row
wise. Some of the Kanji characters are shown in Fig. 7.
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Fig.7. Some examples of Kanji characters.

For the use of crossing count feature we, at first, find
maximum mumber of black mm obtained by row-wise
scanning. Also we find maximum number of black run
obtaned by column-wise scanning. [f the number of
maximum black run in both the scanning is = 3 we mark
the character as Japanese. Else, if the number of maximum
black run obtained only in row-wise is = 3 then most of the
cases it will be Japanese but there are some English
characters “M", “m", *WN", “w", *“W" etc., where this
property may satisfy. To identify these English characters
from Japanese we have used water reservoir concept based
features. It can be noted that in each of these English
characters there are two reservoirs with equal height and
shape. Also water flow level coincides with character
boundary for these characters. For illustration see Fig &
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Fig.8. Two similar reservoirs in each of the
characters are shown by different gray-shades.
Water flow levels are shown by arrows.
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Fig.9. llustrations of profile feature detection.

3.5 Profile feature:

We use profile-based method for resolving confusions
occur during script identification. Suppose each character
i5 located within a rectangular boundary, a frame. The
horizontal or vertical distances from any one side of the
frame to the character edge are a group of parallel lines,
which we call the prafile. We compute left profile and
right profile of a character and we observe the behavior of
the profiles. In some cases, we compute the number of
transitions (change of mode) in the profiles in a specific
region of the characters and use this wvalue n our
identification scheme. This profile also helps us to detect
whether vertical-line-like structure present in a character or
not. [fall left (or right) profiles of this region have unique
behavior (either all increasing or all decreasing mode) we
can say that a vertical line exists in that character. For
example see Fig.9, where left and right profile of the italics
character ‘P* is shown. Here all the left profiles in the
character are in decreasing mode from top to bottom.
Hence we assume vertical line exist in the character. Note
that even if a character is italics this method can also detect
vertical linedike structures. Sometimes we also compute
top and bottom profiles of a character for identification.

4. Script identification

Based on the above features, we use a binary tree classifier
for the script identification. The features are chosen at a
non-terminal node to get optimum tree [7]. In the tree
sometimes a script belongs to both the sub-groups of a
node. This is done to reduce the errors that may ocour
because of poor scanning, noise etc. Because of the page
limitation of this conference we could not accommodate
complete identification scheme here. However, a brief of
the identification technique is proposed as follows.

We use pitch feature at the beginnimg of the tree. At first
using character pitch features, lapanese text portion is
identified. After using pitch features, we check whether
left reservoir is present in a character or not If left
reservoir is present then the character will be identified as
Japanese if any one of the following properties satisfies.

(1) [If the position of water flow level of left reservoir

does not coincide with the left boundary of the

character.

If the position of water flow level of left reservoir

comcides with the characters left boundary, and right

reservoir exists and water flow level of the right
reservoir does not coincide with character right
boundary.

(i1} If left reservoir present but right reservorr is absent,
and maximum width of the left reservoir appears at the
position of the water flow level.

By the above conditions English (Japanese) characters

having left reservoir will be identified as English

{Japanese). For example see Fig. 10, where some English

and Japanese characters are shown to illustrate the above

properties.  Here English character *Z" will be identified
as English based on the above property (i) and the

character "a’ will be identified by property (i)

(i)
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Fig.10. Examples of English and Japanese
characters identification based on left reservairs.
{a) English characters (b) Japanese characters.

If we consider water reservoir from right side then in
some of the English characters like C, E.F, K, Q. R, 5, X,
Zoe £ g ks x 7 etc. we will get right reservoir. Also
there are some Japanese characters where water reservolr
from right can be obtained. But we can see there are
distinct differences in the properties of the reservoirs
obtained in these two scripts. For English characters the
water flow level of right reservoir and character right
boundary line are same. But m Japanese scripts this is
generally not true. For example see Fig.11.

There are very few Japanese characters where water
flow level of right reservoir comcides with the right
boundary of the character, and these Japanese characters
may wrongly be identified as English. For example see
Fig.12. To identify such Japanese characters we use profile
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feature at the upper part of the reservoir. We can notice
that the maximum column width of the character portion
between left and right profiles is similar to the stroke width
of the character. Based on this criterion such Japanese
characters are identified.
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Fig.11. Relation between character boundary and
water flow level of (a) Japanese (b) English
character.
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Fig.12. Water reservoir and profile feature are
shown in a Japanese character. Left and right
profile is shown only in the upper part of the
character.
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Fig.13. Top reservoirs are shown in some English
& Japanese characters. Arrow shows water flow
level.

Top reservoirs and their water flow levels also help us for
identification of English and Japanese scripts. If we
consider top reservoir then we can see that in most of the
English character water flow level passes through the top
of the characters. For example see Fig.13. But there are
some Japanese characters where water flow level of the top
reservoir may pass through the top of the character (Some
of them are shown in Fig. 13). To identify such English and
Japanese characters we check difference of character width
and reservoir width. If this difference is less than 2.5 times
of the stroke width then it is English, otherwise lapanese.
Sometimes in English we may get some characters
where top reservoir flow level may not coincide with top
boundary of the characters. See Fig.14 for illustration.
Here top reservoir on two English characters *s' and “¢’
and two Japanese characters are shown. To identify those
English characters from Japanese we check the portion
above the reservoir. In English characters upper portion of
the top reservoir is not open whereas it s open for
Japanese characters. Here upper part of reservoir is marked
by arrow to show whether upper part is open or not. We

use this distinct property for identification of such English
characters. Fora character we test this property as follows.
From every column of the reservoir’s top row, we move
upwards to check whether we can reach top boundary of
the character without hitting any black pixel or not. If at
least in 30% of the columns we can reach the top boundary
without hitting black pixel then we say upper part of the
character is open. English character ‘L’ may be identified
as Japanese by this property and its identification
techmique is discussed as follows.

In Fig.15 two similar characters are shown. Here left
character is English and right character is Japanese. To
identify these two characters we compute width of the top
reservoir obtained in this characters. We divide the
reservoir width into two parts of which length of left part is
#0% and that of right part is 20%. Respective character
component in these two portions are noted. We find
bottom profile of the left portion of the character and
profile distances are computed in this portion. [f the range
(maximum value minimum value) of such profile
distances is less than the stroke width of the character then
we identify that character as English. Otherwise, it is
Japanese.

To take care of minor differences between the characters
of Japanese and English scripts we use the above tree-base
classification scheme for the purpose.

LA €8
Fig.14. ldentification procedure of some of the

English and Japanese characters considering
upper part of top reservair.

Wodrr Bravai-walh

Tim

Fig.15. Identification of two similar shaped
characters.

5. Results and discussions

Dataset: For experiment 11304 printed characters (BE38
Japanese and 2466 English characters) were considered
from different mix-documents containing both Japanese
and English characters. These characters are collected from
advertisement, Windows manual, different magazine like
Magazime (ASCII), Magazine (Nikkei Byte). Magazine
{ Interface) etc.

Identification accuracy: We obtained 98 .84%
{98.62%,) wentification accuracy on Japanese (English)
text. Smee there is no ground truth of the data the results
are computed manually. Details results are given in Table
3. From the experiment we noticed that 1.16% cases
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Japanese characters mis-recognized as English, and 1.38%,

cases English characters mis-recognized as Japaese. An
example of a script identification results on a document
image is shown in Fig. 16, Here the portions marked by

deep horizontal lmes were identified as Japanese text by
the features based on pitch mformation. The portions

marked by light horzontal line were identified as Japanese
text by the other features used in the proposed scheme. Un-
marked portions were identified as English text.

Table.3. Script identification accuracy

Tdentification sccuracy
Seript Tapuamess Frglizh
(Data 3ize)
Tapanese (BE3E)] 8756 (V8B4 10T (1.16%:)
Englizh 124667 | 34 (1. 36%) | 2432 {95.62%)
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Fig.16. Identiflcation results of our proposed
system. (portions marked by horizontal line
segments are identified as Japanese text, and
rest are English).

Size invariance: The proposed scheme does not depend
on the size of characters in a text line. Also the propose
approach is font and case insensitive. The use of simple
features, which are easy to compute, makes our system
fast.

Table 4: Comparison of results

Method Script used Classifier | Accuracy

wed | obtained
Gllavata and ldeografic- i
Freisleben [10]  English K-NN - | R9.10%

Dhanya et al. Tamil-English | SVM | 96.03%

(9]
Arabic-English SVM 90.93%,
Jaeger etal. | Chinese-English]  SVM 93 .43%,
[11] Korean-English | K-NN 94.04%,
Hindi-English K-MNN 97.51%
Proposed Japanese- Tree- :
method English | classier FBI%

Error Analysis: Major emors of the system were
mcurred  mainly  because  of  improper  character
segmentation. This improper character segmentation was
due to touching of two or more consecutive characters or
splitting of one character mto two parts. For example, see
the numerals *800° marked by square boxes in the 57 line
of Fig.16. Here the English numeral string “200° is
identified as Japanese and this is because of touching of

there numerals *8" *0" *0" as a single string. To get an idea
about splitting errors see the Japanese character marked by
thick rectangular box in the last Ime of Fig. 16. Here the
Japanese character has been segmented nto  two
components and hence the error ocowrred. At present we
do not have any rejection criteria. In future we plan to
implement it.

Comparison of results: Since this is the first work on
Japanese-English script recognition from a smgle text line,
we cannot compare our results. However to get an idea about
the identification accuracy with other existing pieces of work
on script identification, some comparison results are given m
Table 4. From the Table it can be seen that ouwr proposed
method gives better results than that of other published
work.

6. Conclusion

Script separation 15 very useful for muolti-lingual OCR
development. In this paper, an automatic technique for
identification of Japanese and English scripts from a single
line of a document page is proposed. Based on 11304 data,
we obtaimed overall 9%.79%, accuracy from the experiment.
To the best of our knowledge the proposed work on the
identification of English/lapanese text from a single line is
the first work of its kind.
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