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ABSTRACT

In this paper, we describe the line, word, character and top
character segmentation for printed Hindi text in Devanagari
script. And also describe the line and word segmentation for
printed text in Gurmukhi script. A performance of 100% at line
level, approximately 100% at word level, 99% at character
level, and 97% at top character level for Devanagari script and
performance of 100% at line level and 99% at word level for
Gurmukhi script is obtained. Here we have observed the
performance of segmentation with the help of five documents in
devanagari script and five document in gurmukhi script.

Categories and Subject Descriptors
1.7.5 [Document and text processing]: Document Capture —
Document analysis, Graphics recognition and interpretation,
Optical character recognition (OCR), Scanning.

General Terms

Segmentation, Algorithms, Performance, accuracy and pixel
classification.

Keywords

Optical character recognition, Character Segmentation,
Middle Zone, Upper Zone, Lower Zone, line, word,
character, top character.

1. INTRODUCTION

In optical character recognition (OCR), a perfect segmentation
of characters is required before individual characters are
recognized. A lot of research work has been investigated for
character recognition of Indian scripts. For an OCR system,
segmentation phase is an important phase and accuracy of any
OCR heavily depends upon segmentation phase. Segmentation
subdivides an image into its constituent regions or objects.
Basically in segmentation, we try to extract basic constituent of
the script, which are certainly characters. This is needed because
the classifier recognizes these characters only [14].
Segmentation phase is also crucial in contributing to this error
due to touching characters, which the classifier cannot properly
tackle. Even in good quality documents, some adjacent characters
touch each other due to inappropriate scanning resolution. So
Incorrect segmentation leads to incorrect recognition.
Segmentation phase includes line, word and character
segmentation. Before word and character segmentation, line
segmentation is performed to find the number of lines and
boundaries of each line in any input document image. Incorrect
line segmentation may result in decrease in recognition
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accuracy. In this paper, our work is related with segmentation of
Devanagari and Gurumukhi script. And we obtained the better
accuracy at line, word, character and top character level from
previous result.

2. BACKGROUND

A survey on segmentation techniques, for machine printed text,
can be found in references [1, 2]. Many works on Indian scripts
OCR have been reported [3, 4, 5, 6, 7 and 11]. However, none of
these works have considered real-life printed Hindi text in
Devanagari consisting of character fusions and noisy
environment. But very little work has been carried out for Indian
scripts like Devnagari, Bengali, and Gurmukhi etc. Current
research lags in the field of segmentation of machine printed.
Devnagari [8, 9] and machine printed Gurmukhi [10-11] scripts.

3. CHARACTERISTICS

3.1 Characteristics of Devanagari Script

Devanagari is used in many Indian languages like Hindi, Nepali,
Marathi, Sindhi etc. More than 300 million people around the
world use Devanagari script. This script forms the foundation of
Indian languages. So Devanagari script plays a very major role in
the development of literature and manuscripts. Devanagari script
has about 11 vowels and 33 consonants. We have illustrate the
Characters and symbols of Devanagari script in Figure 2. And
Devanagari word is written into the three strips namely: a core
strip, a top strip, and a bottom strip as shown in figure 1. The
core strip and top strip are differentiated by the header, while the
lower modifier is attached to the core character.

Top strip

= Header Line

~=—(ore slrip

-

Bottom strip

Figure 1: Three strips of Devanagari word

OCR for Devnagari script becomes even more difficult when
compound character and modifier characteristics are combined in
'noisy’ situations. The image below in Figure 3. lllustrates a
Devanagari document with background noise. We can clearly see
that compound characters and modifiers are difficult to detect in
this image because the image background is not uniform in color,
and marks are present that must be distinguished from
characters.
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(a) Vowels
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[b) Modifier Symbols corresponding to the above vowels
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(¢) The modifier symbols have been attached to the first consonant &
to indicate their placing
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(d) Consonants
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(f) Same sample Conjuncts
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(g) Consonants with Rakar Madifier

vy v ¥y 39y

T 9 ¥ 7%

i Y T 9 7

r g

Figure 2: Characters and symbols of Devanagari script.
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Figure 3: Images with background noise

3.2 Characteristics of Gurmukhi Script

Gurmukhi script alphabet consists of 41 consonants and 12
vowels [12].Some characters in the form of half characters
are present in the feet of characters.
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Writing style is from left to right. In Gurmukhi, There is no
concept of upper or lowercase characters. A line of Gurmukhi
script can be partitioned into three horizontal zones namely,
upper zone, middle zone and lower zone. Consonants are
generally present in the middle zone. These zones are shown in
Figure 4. The upper and lower zones may contain parts of vowel
modifiers and diacritical markers. [13]

Figure 4: a) Upper zone from line number 1 to 2, b)
Middle Zone from line number 3 to 4, c) lower zone
from line number 4 to 5.
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e WON -

In Gurmukhi Script, most of the characters, as shown in Figure 6,
contain a horizontal line at the upper of the middle zone. This
line is called the headline. The vowel and vowel diacritics,
consonants and other symbols illustrate in Figure 5, 6, 7
respectively. The characters in a word are connected through the
headline along with some symbols. The headline helps in the
recognition of script line positions and character segmentation.
The segmentation problem for Gurmukhi script is entirely
different from scripts of other common languages such as
English, Chinese, and Urdu etc. In Gurmukhi script, as shown in
Figure 4, two or more characters/symbols of same word may
share the same pixel values in horizontal direction. This adds to
the complication of segmentation problem in Gurmukhi script.
Because of these differences in the physical structure of
Gurmukhi characters from those of Roman, Chinese, Japanese
and Arabic scripts, the existing algorithms for character
segmentation of these scripts does not work efficiently for
printed Gurmukhi script.

Vowels and VVowel diacritics (Laga Matra)
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ks ] ki il kil k7 - i il k31l

Figure 5: Vowels and Vowel diacritics (Laga Matra)
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Consonants (Vyanjan)
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Figure 6: Consonants (Vyanjan)

Other symbols
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Figure 7: Other symbols

4. IMAGE CATEGORIES AND PRE-
PROCESSING

The various categories of the images that could be fed as an input
which is in three categories. Binary level images, pseudo color
and true color images. For a binary level image, the
preprocessing required is minimal. There are two colors, a
foreground and a background color. The text is usually
represented in the foreground. So we would need to look for the
foreground components and perform the analysis.

The next category of images is the pseudo color images. The best
example of the pseudo color images are GIFs. It makes use of
only 256 different colors. The True color images make use of
16M colors. In this paper we use GIF images, TIFF image, JPEG
image and JPG images.
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5. SEGMENTATION FOR DEVANAGARI
SCRIPT AND GURMUKHI SCRIPT

Segmentation is a classifier which helps to fragment each
character from a word present in a given image / page. The
objective of the segmentation is to extract each character from
the text present in the image. While this algorithm is proposed
by Veena Bansal [8] but we have done some modification in
algorithm of Preliminary segmentation of words. Hence we
obtained better result for segmentation of Devanagari script and
Gurmukhi script. Here we have considered bottom strip with
core strip. The process of segmentation mainly follows the
following pattern:

. First, it identifies the page layout,

. After that, it identifies the line from the page,
. ldentifies the word from that line, and

. Finally, identifies the character from that word.

5.1 Proposed Algorithm for Segmentation of
Devanagari Script and Gurmukhi Script

Step 1: Line Segmentation

The global horizontal projection method computes sum of all
black pixels on every row and constructs corresponding
histogram. Based on the peak/valley points of the histogram,
individual lines are separated. In line segmentation our aim is to
draw of one upper horizontal line and one lower horizontal line
for each line of text image. The steps for line segmentation are
as follow:

. Construct the Horizontal Histogram for the image

. Using the Histogram, find the points from which the line starts
and ends.

. For a line of text, upper line is drawn at a point where we start
finding black pixels and lower line is drawn where we start
finding absence of black pixels. And the process continues for
next line and so on.

Step 2: Word Segmentation
. Construct the vertical histogram for each segmented line

. Using the vertical Histogram, find the points from which the
word starts and ends.

Vertical lines are drawn at starting and ending points for each
word.

Step 3: Character Segmentation
. Draw the horizontal histogram for each segmented line

. From the horizontal histogram, find the row which consists of
maximum value.

. The row which consists of maximum value of black pixel for
each line is actually the row which consists of Header line.

. Draw the vertical histogram for each segmented word in below
of header line.
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. Draw the vertical histogram for each segmented word in above
of header line

. Using the histogram, find the points from which the character
starts and ends.

. Draw line according these coordinate.

Step 4: Maintain the data structure to feed the line, word and
character boundaries such that the character boundary could be
sufficiently extracted from the image which is required for the
further training and recognition portion of the system.

6. EXPERIMENTAL RESULTS AND
DISCUSSIONS

We have collected 10 printed documents, which is document-1 to
document-5 in Devanagari Script and from document-6 to
document-10 in Gurmukhi Script. We have show document-3 in
figure-8 and we illustrate the number of lines and each line
contains the number of  words, characters and top characters
with the help of Table-1.

TH B o e |,
BHBHI Fgd I & |
HET Wl SIRI 87
oo gaH frer e |

WA BTI AaT=
1 <Pl BT ST TR |
HET T T U '

=T & # glsierda & |

TI=H,

Figure 8: Document-3 in Devanagari Script.

We have prepared the Table-1, which is show the accuracy of
word, character and top character segmentation for document-3
in devanagari script by Figure 8. Which is also illustrate the
recognize words, characters, and top characters with respect of
original words, original characters and original top characters
respectively for each line of document-3.
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Table 1. Result of word, Character and top character
Segmentation of Document-3 in Devanagri script

Line | No. of words No. of char. No. of top char

no. Origi | recog | Orig | Recog | Origi | Recog top
nal words | inal | char nal char
word char top
S char

0 5 5 13 12 5 5

1 5 5 13 13 4 4

2 5 5 12 12 5 5

3 6 6 12 12 6 5

4 4 4 13 13 2 2

5 6 6 15 15 4 4

6 5 5 11 11 4 4

7 6 6 13 13 5 5

Total | 42 42 102 101 35 34

Accur 100% 99% 97%
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Figure 9: Document-6 in Gurmukhi Script
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Table 2. Result of Line Segmentation by Proposed

Document - —

Q@ - ©

Sl g8 g £ g

S| 23 c 2 =

°l £t @ s Ec 3

S| 8° Eg° | &
Document 1 13 | 13 0 100%
Document 2 9 9 0 100%
Document 3 0 100%
Document 4 15 | 15 0 100%
Document 5 12 | 12 0 100%
Document 6 22 | 22 0 100%
Document 7 24 | 24 0 100%
Document 8 20 | 20 0 100%
Document 9 17 | 17 0 100%
Document 10 16 | 16 0 100%

Table 3. Result of Word Segmentation by Proposed

Document - - S -
58| 88 S5 s 3
;9 £ 8 S E S =
22138 |8 |&
= <
Document 1 68 68 0 100%
Document 2 118 117 2 99%
Document 3 42 42 0 100%
Document 4 90 90 0 100%
Document 5 87 87 0 100%
Document 6 120 120 0 100%
Document 7 104 104 0 100%
Document 8 98 97 1 99%
Document 9 56 56 0 100%
Document 10 | 103 102 1 99%

We have show the document-6 in Gurmukhi script by figure-9
and also we have illustrate the result of line segmentation and
word segmentation for different document by Table-2 and Table-
3 respectively for both Devanagari script and Gurmukhi script.
And for Devanagari script we have illustrate the result of word,
Characters and Top Characters Segmentation for five documents
by Table-4. And obtained the accuracy 99.75% at word
segmentation level, 98.89% at character segmentation level and
97.40% at top character segmentation level. This is better than
previous results.

International Journal of Computer Applications (0975 — 8887)

Volume 3 — No.8, June 2010

Table 4. Result of word, Characters and Top

Characters Segmentation for Devanagari Script
Document
Document No. of | No. of Top
No. of | Characters | Characters
words
— (] —_ () — b}
4= @ 4= N = © N Y= @© w— N
SE S8 S5 25258558
2|28 25 28| 2 2gF
o e o 8 o 8
Document-1 | 68 68 182 | 180 59 58
Document-2 | 118 | 117 | 262 | 259 102 99
Document-3 | 42 42 102 | 101 35 34
Document-4 | 90 90 215 | 213 79 77
Document-5 | 87 87 228 | 225 72 70
Total 405 | 404 | 989 | 978 347 338
Accuracy 99.75% 98.89% 97.40%

7. CONCLUSIONS AND FUTURE WORK

In this paper, we have presented a modified algorithm for
segmentation of line, word, character, top character for
Devanagari Script and Segmentation of line, word for Gurmukhi
Script. The overall successful segmentation achieved through the
proposed algorithm is better than previous result. Since at few
point segmentation was good but at few point it was not up to the
expectations. This may be because of the shape of characters. All
these issues can be dealt in the future for printed documents in
Devanagari and Gurumukhi script by making few changes to
proposed work.
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