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Abstract

Kannada is a widely spoken language of south India.
Character segmentation in Kannada text is a difficult
task since adjacent characters in a Kannada word
sometimes overlap in the vertical projection profile
due to the presence of bottom extension characters
(Vatthus). In such cases, the usual method of
character segmentation using projection profile is not
efficient. In this paper we present a segmentation
method in which the Vatthus of a Kannada word
are segmented first by using connected component
algorithm, and then the remaining characters of the
word are segmented by vertical projection profile
method. The segmentation method was tested on
a large data set of 25000 words and a segmentation
rate of 98.2% is achived.

Keywords: Kannada text, Projection profile,
Character segmentation, Connected components.

1 Introduction

Optical Character Recognition (OCR) systems have
been effectively developed for the recognition of
printed characters of non-Indian languages. Efforts
are on the way for the development of an efficient OCR
system for Indian languages, especially for Kannada,
a popular South Indian language, which is very rich
in alphabet. In OCR systems efficient character seg-
mentation is a crucial preprocessing step for reliable
character recognition. The overall success (recogni-
tion) rate of an OCR system depends heavily on the
proper segmentation of characters.

A typical OCR system consists of image captur-
ing, preprocessing, segmentation, feature extraction
and recognition stages. Segmentation refers to ex-
traction of objects of interest from rest of the image.
It is one of the decision stages in an OCR system,
because incorrectly segmented characters will not be

recognized properly. This reduces the recognition rate
of the OCR system.

The methods of segmentation are broadly classi-
fied into three strategies [4] , [11] as follows:

e The classical or dissection approach: In this ap-
proach, the segments are identified by extract-
ing the distinguishing attributes of the character
image.

e Recognition-based segmentation: The image as
a whole is searched for components that match
predefined classes.

e Holistic approach: The system tries to recognize
the word as a whole.

The classical segmentation approach uses several
methods of segmentation [4] such as White Space
and Pitch, Projection Analysis, Connected Compo-
nent Processing, etc. The most common approach is
to use Projection Profile Analysis since it is simple
and fast.

In Kannada text, for words having bottom exten-
sion characters (Vatthus), the space between two ad-
jacent characters does not have zero spaced valleys
in the vertical projection profile, which makes it diffi-
cult to extract individual characters from the word as
shown in Figure (8). In such situations the usual ap-
proach for segmentation is to use the connected com-
ponent method by treating each of the individual char-
acters in the text (both main and Vatthu characters)
as separate components of the image. This however is
both time consuming and computationally expensive
method.

In this paper we describe a two-stage method, in
which, only the Vatthus (which are usualy few in num-
ber) are segmented from the word using connected
component processing in the first stage. In the sec-
ond stage the remaining characters from word (with
Vatthus removed) are easily segmented using the tra-
ditional vertical projection profile method. As seg-
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mentation of characters by projection method is sim-
ple and fast, the proposed two-stage method for Kan-
nada character segmentation is faster than the con-
ventional method in which all the characters from the
text are segmented by connected component process-
ing only.

The major strengths of the proposed two-stage
method for segmenting Kannada characters which
combines connected component analysis and projec-
tion profile is that, it works faster than classical single-
stage method of segmenting characters using con-
nected component analysis only. Also, the proposed
method can be used without any modifications for seg-
menting the characters from documents for any other
language (for example- Telugu -another widely spoken
south Indian language) which have a word structure
consisting of 'main’ and "Vatthu’ like characters.

The rest of this paper is organized as follows:
Section(2) presents a survey of work done in Char-
acter segmentation. Section (3) describes the prop-
erties of Kannada language and introduces the Kan-
nada alphabets. Section (4) presents the segmentation
procedure adopted. Section (5) provides experimental
results. Conclusion is presented in section (6).

2 Literature Survey

Currently there are many OCR systems available
for handling printed /handwritten English documents
with reasonable levels of accuracy. Such systems are
also available for many European languages as well as
some of Asian languages such as Japanese, Chinese
etc. However, there are not many reported efforts at
developing OCR systems for Indian languages espe-
cially for a South Indian language like Kannada [7] ,
8]

Some of the previous works in Character segmen-
tation (a stage of OCR system) for different languages
is given below.

Amara and Noureddine [9] have described a
method for segmentation of printed Arabic characters
using a modified histogram as well as the number of
black segments in a line of pixels.

Veena and Mishra [3] have proposed a method for
segmentation of touching and fused Devanagari char-
acters in two stages. In the first stage the words are
segmented into easily separable characters or com-
posite characters. Statistical information about the
height and width of each separated box is used to hy-
pothesize whether a character box is composite. In
the second stage the hypothesized characters are fur-
ther segmented.

Pal and Sagarika [10] have proposed a method
of segmentation of unconstrained Bangla characters
based on piece-wise projection for the segmentation
of Lines, and Water reservoir principle for segmenting
characters inside a word.

In the Kannada OCR system proposed by Ashwin

and Sastry [2] a segmentation method is described in
which the words are first vertically segmented into
three zones. This segmentation is achieved by analyz-
ing the horizontal projection profile of a word. Later
the three zones are segmented horizontally to extract
the characters into their constituents, i.e. the base
consonant, the vowel modifier and the consonant con-
junct.

But, there are a few situations where the seg-
mented top zone may contain some of the base con-
sonant or the middle zone may contain a little bit of
the top vowel modifier. This reduces the recognition
rate of the OCR system. This particular problem is
solved in our segmentation method by extracting the
character as a whole instead of its constituents.

Kimura [5] proposes a bounding box method in
where, a word image is split into horizontally over-
lapping zones. A connected component analysis is
applied to detect the boxes enclosing each connected
component for segmentation of characters.

In the OCR system for Tamil, proposed by Aparna
and Ramakirshnan [1], horizontal and vertical projec-
tion profiles are employed for line and word segmen-
tation. Connected component analysis is performed
on the words to extract the individual characters.

Anniwear and Yoshinao [12] proposes a segemen-
tation technique for Uygur Scripts. Segmentation is
done by line separation and word separation done us-
ing projection profile. The characters from the word
are isolated using a two-step algorithm i.e, a topologi-
cal segmentation, and quasi-topological segmentation.
Topological segmentation is based on tracing the outer
contour of a given word. Quasi-topological segmenta-
tion is based on the decision to section a character
on a combination of feature-extraction and character-
width measurements.

3 Overview of Kannada lan-

guage

Kannada is one of the four popular Dravidian lan-
guages of South India. Kannada script is written hor-
izontally from left to right and the concept of lower
and upper case is absent. Kannada is a non-cursive
script i.e. a Kannada word is written without joining
the characters of the word. The characters are isolated
within a word. Kannada language has 16 vowels and
34 consonants as the basic alphabet of the language
as shown in Figure (1) and Figure (2), respectively.

Each vowel has a vowel sign (modifier) and each
consonant has a basic form (primitive). A basic conso-
nant can combine with the vowel sign to form another
set, of 16 Consonant-Vowel (CV) composite characters
called as gunithakshara. Such an example is shown in
Figure (3) for the first consonant (ka). Including the
basic form of the consonant, each consonant group is
a set of 17 characters.
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Figure 1: Kannada Vowels
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Figure 3: Consonant-Vowel composite characters of
basic consonant

In Kannada, all the 34 consonants have a
half/short form, which can be referred as half con-
sonant (Vatthu or Subscript) as shown in Figure (4).
Any half consonant can appear below any other conso-
nant or a CV character as a bottom extension charac-
ter to form a conjunct-consonant character. Examples
of three such characters are shown in Figure (5).
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Figure 4: Short forms/ Half Consonants (Vatthus)
=% FR™ TR
S . bl Sedw
L :.:I =
Figure 5: A few examples of conjunct-consonants

In the rest of the paper Vatthus are reffred as sub-
scripts and all other characters (vowels, consonants,

CV characters) other than the subscripts are referred
as main characters.

4 Segmentation Methodology

Our segmentation system uses the classical approach
in which the scanned image is dissected into individual
building blocks to be recognized as characters.

The proposed method starts by segmenting the
lines and then the words from the scanned document
image using horizontal and vertical projection profiles
respectively. Each segmented word is then examined
for the presence of subscript characters. If subscript
characters are present in the word, then all of them are
extracted using the connected component method. If
subscripts are not present (or when all the subscripts
are extracted) the main characters from the word are
segmented using vertical projection profile.

The details of the segmentation methodology
adopted for segmentation of lines, words and char-
acters are now described.

4.1 Line Segmentation

To separate the text lines, the horizontal projection
profile of the text document image is found. The hor-
izontal projection profile is the histogram of the num-
ber of ON pixels along every row of the image. White
space between text lines is used to segment the text
lines. Figure (6) shows a sample Kannada document
along with its horizontal projection. The projection
profile has valleys of zero height between the text lines.
Line segmentation is done at these points.

Figure 6: Text lines with Horizontal projection pro-
files and Line segmentation details for a sample Kan-
nada text document

4.2 'Word Segmentation

The spacing between the words is used for word seg-
mentation. For Kannada script, spacing between the
words is greater than the spacing between characters
in a word. The spacing between the words is found
by taking the vertical projection profile of an input
text line. Vertical projection profile is the sum of ON
pixels along every column of the image.

A sample input text line and its vertical projection
profile is shown in Figure (7). From the vertical pro-
jection profile it can be observed that, the width of
zero-valued valleys is more between the words in the
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line as compared to the width of zero-valued valleys
that exists between characters in a word. This infor-
mation is used to separate words from the input text
lines.

DTVTY By, D
RIVIEY WY T

Word segmentatio

Figure 7: Input text line and its vertical projection
profile indicating word segmentation for a sample doc-
ument

4.3 Character Segmentation

As Kannada is a non-cursive script, the individual
characters in a word are isolated. Spacing between
the characters can be used for segmentation. But,
sometimes in the vertical projection profile of a word,
there will not be any zero-valued valleys, due to the
presence of conjunct-consonant (subscripts) charac-
ters. The subscript character position overlaps with
the two adjacent main characters in vertical direction
as shown in Figure (8).

Hence in these cases the usual method of vertical
projection profile to separate characters is not possi-
ble. In these cases the following two-stage approach
is used:

Stage 1:

(a) Check for the presence of subscripts in a word.
(b) If subscripts are present, they are extracted first
from the word using connected component method.
Stage 2:

Remaining characters from the word are extracted us-
ing vertical projection profile.

If subscripts are not present in a word then the
characters from the word are extracted using vertical
projection profile in one stage itself.

Thus, for character segmentation it is first neces-
sary to check whether there are any subscripts in a
word. For this a Kannada word is divided into differ-
ent horizontal zones, as explained in section 4.3.1.

4.3.1 Zones in a Kannada word

A Kannada word can be divided into different horizon-
tal zones. Two different cases are considered. Case
(i) A word without subscripts as shown in Figure
(9) (pronounced as ramanu) and Case (ii) A word

Vattha

} R
ey

Figure 8: A sample Kannada word with subscripts
along with its vertical projection profile

with subscripts as show in Figure (10)(pronounced as
prashastavaagi).

Consider the sample word shown in Figure (9),
which does not have a subscript character. The imag-
inary horizontal line that passes through the topmost
pixel of the word is the top line. Similarly, the horizon-
tal line that is passing through the bottommost pixel
of the main character is the base line. The horizon-
tal line passing through the first peak in the profile is
the head line. The word can be divided into top and
middle zones. Top zone is the portion between the
top and head line and the middle zone is the portion
between the head line and the base line.

For the words with conjunct-consonant characters,
it is divided into three horizontal zones as shown in
Figure (10) for a sample word with subscripts. The
word is divided into top, middle and bottom zones.
The top and middle zones are chosen similar to that
of the word without subscripts. A bottom portion is
chosen between the base line and the bottom line. The
bottom line is the horizontal line passing through the
bottommost pixel of the word.

Before character segmentation it is first necessary
to find out whether the segmented word has a sub-
script or not. This can be detected as follows:

Close observation of Figure (9) and Figure (10)
reveals that,

e There are several peaks in the horizontal pro-
jection profile of the sample Kannada word in
Figure (9) and Figure (10).

e However there are only two peaks in horizontal
projection profile of approximately equal size in
Figure (9) and Figure (10).

e In the horizontal projection profile shown in Fig-
ure (10), there are two peaks of approximately
equal size in top and middle zones of the word.
Also there is an occurrence of third peak after
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Figure 9: Two horizontal zones in a sample word without conjunct-consonant character
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Figure 10: Three horizontal zones in a Kannada Word with subscripts

the second peak in the bottom zone of the word
which is due to the subscripts in the word.

e Where as, in horizontal projection profile shown
in Figure (9), there are only two peaks of ap-
proximately equal size in the top zone and mid-
dle zones of the word. The absence of the third
peak, after the second peak indicates that there
are no subscripts in the word.

Thus, by checking for the presence or absence of
the third peak (after the first two approximately equal
sized peaks) in the bottom zone of the horizontal pro-
jection profile of the segmented Kannada word, it is
possible to find out whether the segmented word has
a subscript or not.

4.3.2 Character Segmentation of a Word
without subscripts

Let us first consider a Kannada word which does not
have any subscripts. An example is shown in Figure
(11) (pronounced as deepavali) along with its vertical
projection profile.

In Fig (11), the presence of zero-valued valleys
in the vertical projection profile of the word can be
observed between all the characters of a word which
makes the character separation easier. The word is
examined row-wise. The portion of the image, which

lies between two successive zero-valued valleys of the
vertical projection profile is assumed to be as a sepa-
rate character and separated out.

QeTow?
ol

Ty

Charan:ter segmentati

Figure 11: Vertical projection profile of a word that
does not have any subscripts

4.3.3 Character Segmentation of a Word hav-
ing subscripts

Let us consider a sample Kannada word as shown in
Figure (12) (pronounced as prasanna)which contains
subscripts. If vertical projection of this word is consid-
ered, then there will be no zero-valued valleys between
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the first character = and its subscript character —# .
So also for the last character and its subscript. Hence,
just the zero-valued valleys of the vertical projection
merely do not indicate character separation. The in-
dividual characters in this case, are separated in two
stages as follows:

e In the first stage, the subscripts of the word are
separated out.

e In the second stage, from the plain word (in
which subscripts are now removed) the individ-
ual characters are extracted as explained in sec-
tion 4.3.2.

Stagel: subscript character segmentation

Consider a sample word as shown in Figure (12).
The total height of the word in terms of number of
rows is found. Let it be H.

e Columns of the word are scanned from left to
right. Every column is scanned from bottom
row to the top row to find the presence of an
ON pixel p. When such an ON pixel is found,
the number of rows that has gone up is counted.
Let it be L.

e If L is less than or equal to some threshold value
7, the pixel p is assumed to be one of the points
of the subscript character. Then, using p as
the initial point, the connected component al-
gorithm [6] is applied to extract the subscript
character at that position.

e The value for 7 is fixed by finding the position of
the valley (minimum value) between the second
peak and the third peak which will be just below
the base line in the bottom zone of the word.

In Figure (12) the sample word has three main
characters and two subscript characters. During ini-
tial scanning from leftmost column to right cloumn,
a ON pixel point m will be detected. Since it is at
height greater than 7 from bottom, it does not be-
long to a subscript character and hence it is discarded.
As scanning proceeds, at point p a valid point for a
subscript character is detected. Hence, the subscript

character = is extracted using connected component
algorithm. Similarly, the second subscript character
=, is extracted subsequently as the scanning proceeds
towards right.

Connected Component Analysis on an image is
done in order to extract a group of pixels connected
by 8-connectivity. By knowing one of the inside point
of a connected component in an image, it is possible to
extract all the pixels of the component in an iterative
manner using connected component algorithm.

The scanning process is repeated till the end of the
word (right most columns) to extract all the subscript
characters present in the word.

e

Foint 'm *
et S8
Femow r.'l Hext

Fenoeed First

T f’

Powil "p’

Figure 12: A sample word with subscripts and details
of First stage of Character segmentation

At the end of stage 1, after separating subscripts
what remains is a plain word without having any sub-
script characters as shown in Figure (13).

Stage 2: Main character segmentation

The output of the first stage converts the word
with subscripts into a plain word without any sub-
script characters. Hence, during the second stage, the
same method used for segmenting the characters (for
a word without subscripts) is followed for segmenting
the main characters as explained in section 4.3.2.

Figure 13: Plain word of Figure 12 after removal of
subscripts

5 Experimental Results and Dis-
cussion

The segmentation algorithm has been tested on many
printed Kannada documents for about 25000 words
which contained characters of different fonts and size
varying from 14 to 20 font sizes. We considered only
good quality of printed documents where there are no
touching or broken characters. Correct segmentation
obtained for 98.2% of the characters.

The time taken for segmenting a sample A4 page
of 300 Kannada words by the proposed method was
about 1.25 seconds.

The same sample page was segmented using the
conventional method in which all the characters of
the text are treated as individual components and all
of them are extracted using the method of connected
component. The time taken to segment was about 18
seconds.

This shows the proposed two-stage method is
about 15 times faster than conventional connected
component processing method.

Time complexity:

In single-stage connected component analysis

method, for the segmentation of the characters, the
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method is applied for both subscripts and main char-
acters. Where as, in the proposed two-stage method,
only subscripts are extracted using connected com-
ponent analysis. The main characters are segmented
using the simple projection profile method which does
not take much time.

Normally, the ratio of subscripts to main charac-
ters in a Kannada document is very small. Hence,
the time taken for segmentation by the proposed two-
stage method is much faster.

Let us consider a sample A4 page of Kannada doc-
ument consisting of about 300 words, comprising of
about 1400 main characters and 100 subscript char-
acters totaling 1500 characters or about 1500 compo-
nents.

If the time taken to extract a single connected com-
ponent is T, then,

(i) The time taken for segmentation by the pro-
posed two-stage method:

Time (two-stage) = 100 * T + t;

Where, 100 * T is time taken for extracting 100
subscripts, and t is time taken for finding the pres-
ence of subscripts in 300 words plus time taken for
segmentation of 1400 main characters using vertical
projection profile

(ii) The time taken for segmentation by the clas-
sical single stage method:

Time (single-stage) = 1500 * T; corresponding to
1500 components

Extracting a character using connected component
analysis is an iterative procedure compared to a single
step segmentation using valleys in a projection profile.
Hence, value of ’t’ is much less significant with the
magnitude of 100 * T .

Therefore, the segmentation time of the proposed
two-stage method is far less than conventional single-
stage method of connected component analysis only.
Failure Cases:

We observed two cases in which the direct adop-
tion of our two-stage algorithm fails.

Case (i)

In some cases we observed that the main charac-
ter itself descends down in the bottom zone. Such
an example is shown in Figure (14) (pronounced as
bhavya). At that time, the main character itself gets
extracted as a subscript character. But, by checking
the total height of the character extracted it can be
considered as a main or subscript character. subscript
character’s heights are approximately 1/37¢ of main
character’s height.

Case (ii)

For some Kannada words even without subscripts,
in the horizontal histogram, the third peak may be
present due to the extension of the vowel modifier
to the bottom zone as shown for a sample word
in Figure (15) (pronounced as phalavoo). In such
cases also the main characters itself get extracted
as subscript character in first stage of our two-stage

g I —

\

Foint “p’

Figure 14: Kannada word having a character with its
vowel modifier extended to bottom zone

process giving a wrong result. But, once again by
checking the total height of the character extracted,
it can be considered as a main or subscript character.

PO F—

Trord Peak
Figure 15: A sample word having characters with their
vowel modifier extended to bottom zone and its Hor-
izontal Projection Profile

Future work: In the proposed method only good
quality of printed document is considered without any
touching or broken characters. The proposed method
can be extended to include the touching or broken
characters in the document.

6 Conclusion

In this paper we have proposed a two-stage method
for segmentation of Kannada characters in the pres-
ence of Vatthu characters. Here the Vatthu characters
of a word are segmented first using connected compo-
nent algorithm and then the remaining characters are
segmented by usual vertical projection profile method.
The proposed method is faster than the conventional
connected component processing method. The pro-
posed method can be applied without any modifica-
tions for segmentation of characters from a Telugu
document (another South Indian language) which has
its alphabet set consisting of main and Vatthu char-
acters similar to Kannada language except for the
changes in the shape of the characters.
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