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Abstract—The desire to edit scanned text document forces
the researchers to think about the optical character recognition
(OCR). OCR is the process of recognizing a segmented part of
the scanned image as a character. OCR process consists of
three major sub processes - pre processing, segmentation and
then recognition. Out of these three, the segmentation process
is the most important phase of the overall OCR process. It is
the most significant process because if the output of
segmentation phase is incorrect then we can not expect the
correct results; it is just like garbage in and garbage out. But
on the same time, segmentation is complex too. If the document
is handwritten then the situation becomes more cumbersome,
because in that case only few points are there which can be
used to make segmentation. In this paper, we formulate an
algorithm to segment the scanned document image as a
character. As per our earlier published work, the information
about the lines and words within each line is written in a data
file. According to proposed algorithm, one part is extracted
from the word present in the line. This extracted part is
checked whether it has some meaningful symbol (as per
Gurumukhi script). If it has then the extracted part is marked
and written in the file, otherwise the extracted part is
readjusted to find the symbol. For classification, we have used
hybrid approach which consists of water reservoir and feature
extraction approach. This concept was implemented and got
good reasonable results.

Index Terms—OCR, Segmentation, gurumukhi, handwritten,
feature, water reservoir.

L INTRODUCTION

The subject of optical character recognition has received
considerable attention in recent years. In case of character,
computer aided character extraction and classification, is
held back by both the scope of useful solution and the
computational power of the time. For the past 35 years, the
research community shows huge interest in language
recognition problem. The subject has attracted immense
research interest not only because of the challenging nature
of the problem, but also because it provides a commercial
angle to the final end product, that is, the final product can
be used for automatic processing of large volumes of data
such as postal codes, automatic cheque amount reading in
banking environments and for office automation. The basic
problem is to assign the digitized character into its symbolic
class. Written language recognition is the task of
transforming language represented in its spatial form of
graphical marks into its symbolic representation. After
capturing the text image, it is passed through various phases.
One can name them as pre processing, segmentation, and
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then recognition to have a lexical meaning.
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Fig. 1. Flow chart showing different phases.

In optical character recognition (OCR), a perfect
segmentation of characters is required before the recognition
of individual characters i.e. recognition is possible only if
segmentation is correct. Character segmentation can be
defined as a technique, which partitions images of lines or
words into individual characters. It is an operation that seeks
to decompose an image of a sequence of character into sub-
images of individual symbols. Its decision, that a pattern
isolated from the image is that of character (or other
identifiable unit), can be right or wrong. It is a critical step
because incorrectly segmented characters are not likely to be
correctly recognised. According to a survey of vast literature
done by Casey et. al. and Sridhar et. al., [1] & [2] there are
three pure strategies for segmentation, and plus numerous
hybrid approaches that are weighted combination of these
three pure ones. The elementary strategies are The
Classical Approach, Recognition Based Segmentation,
and Holistic Methods. In Classical approach, the
segmentations points are identified based upon character-
like properties. This method is also called as dissection
method. In Recognition Based Segmentation, the system
searches the image for components that match classes in
alphabet. As per Holistic Methods, the system seeks to
recognize words as a whole, thus avoiding the need to
segment into characters.

These three strategies are shown to occupy orthogonal
axes. Hybrid methods can be represented as weighted
combinations of these lying at points in the intervening
space.

Recognition Based

Dissection

Holistic

Fig. 2. A 3 D space representing the strategies of segmentation.

1I. GURUMUKHI SCRIPT AND ITS CHARACTERISTICS

Our work is related with the segmentation of handwritten
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text written in Gurumukhi script which is one of the popular
scripts used to write Punjabi , a popular spoken language of
northern India. Gurumukhi script alphabet consists of 41
consonants and 12 vowels [3]. Besides these, some
characters in the form of half characters are present in the
feet of characters. Writing style is from left to right. In
Gurumukhi, there is no concept of upper or lowercase
characters. A line of Gurumukhi 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 the following figure.
The upper and lower zones may contain parts of vowel

modifiers and diacritical markers.
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Fig. 3. a) Upper zone from line number 1 to 2, b) Middle Zone from line
number 3 to 4, ¢) lower zone from line number 4 to 5

I11. PRE REQUISITE PROCESSING

The quality of scanned image depends upon the scanner
type too and it plays an important role in segmentation. We
are using higher end scanner for the scanning purposes. In
the file, the image consists of the shapes / symbols of
handwritten characters in Gurumukhi script. Between any
two lines and any two words there is a definite gap of
minimum width. A line is supposed to have different words
and the words are made up of one or more characters. As per
processing requirements, only two types of information is
sufficient, which is either zero or one. But the image file is
in grey scale. So first of all it is important to convert image
file information to zero or one. The simplest and commonly
accepted criterion is that, first the average of intensities of
all the pixels present in the document image file is
calculated. Then the intensity of each pixel is set as per the
following rule:

If pixel intensity is less than Average intensity then

set pixel intensity = 0
else
set pixel intensity = 1

The lines consisting of words are generally straight in

nature. If there is any skew then present work may not work

properly.

IV. HYBRID CHARACTER SEGMENTATION ALGORITHM

The whole image is considered as a large window. This
can be achieved by the trapping the values while reading the
BMP file. This information is always available itself in the
BMP file and is independent of any language used to
process the BMP file. From this large window, next is to
find a window (smaller than the earlier found larger window)
consisting of a line. This is done by finding minimum and
maximum of X coordinates and minimum and maximum of
Y coordinates for two no pixel zones. No pixel zone is the
zone having no pixels. The Lines and words have been
detected by flexible windowing, [4] & [5].
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Fig. 4. Window with coordinates (a, b) and (c, d)

The coordinates of each line and words are written in a
file. The data in the file is in the following format.
L1, W1, W2, W3; endl
L2, W1, W2, W3, W4; endl

Ln, W1, W2, W3; endl
Following is the proposed algorithm:

Hybrid_Chararter_Segmentation(Data File as Input File)
{

{Read Window coordinate to Liveswindow of firstline fromdata file.
Get Linearimdowr from Data File
While (Linewindw < = HULL)
{ WRead window coordinates of word present in cwrert live to Wordwindow
Gat Wordawindowr
While( Werdwrindewr < =NTULL)
i Wit Whrd . window to Data Ot File
Fpix . X = Word, wirdow . 2
Whale (FPIE X = Word windowr, (2 +2])
{
Call Find_Crtting Point ( WOR Dowindcer, FEIE )
Call Class fler (FPLL, SPIE, FLAG)
[f(FLAG) tlen
{
FRIEE=SHLI 41
Write FRIZ . X o Data Out File
P E=0

Else

SPIX. K= §FIX.E 41
}

H
ii Feead Meut Weed Windowr
Get Wordwrindow fiom ourrert live,

1
J1Change to rext hne
Get Linewindow coordinates from date fils

Find_Cuiting_Point( WORDwimdow, FPIX )
{POINTTRCINT
1t Prev_Min, Min FostFlag=0
Wklovg bead Line, wove from left to right fom poation FPLE L 2.
IFind sininorvn rvhey of pixe] present in vertical cobunen, Setit bo STIE.
1145 the movberof purel presert i the bead live of the word.
Prev Min= TROINT. X = FEIL X
I TPOINT.Z » = Wond , window, MAXE thenratum HULL
Hse
{ Whle (TPOINT. £ « Word window, MAZT )
{
TROINT. X=TROINT, £+ 1
Gret musther of Pivels present inthe TPOIVT, Z and set fo vaniable COUNT
[f(Fustflag==1)
{ PevMm=COUNT
Fistflag = |
)
Flie

Min=COUNT

}
I6( M- ey, Mime =4
{

!

renm TROINT
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The work related with The Classifier Module [6], called
in the above algorithm, is already published. So it would not
be appropriate to discuss the whole concept again. Results
obtained are summarized in the following table.

TABLE 1: ACCURACY FOR CHARACTER SEGMENTATION

Document No of Correctly | Inaccurate Accuracy
Characters Detected | segmentation
Docl 89 84 5 94.38%
Doc2 148 138 10 93.24%
Doc3 223 209 14 93.72%
Doc4 278 255 23 91.72%
V. CONCLUSION

The approach developed consists of two parts - first is to
get segmented area (say) SA, second is to check whether SA
has meaningful symbol or not. The role of Classifier Module
comes to picture in second part. Classifier Module returns
True if SA has something meaningful (as per classification
scheme) or otherwise returns False. On True, the area SA is
marked and is written in the Data file. On False, the area in
SA is readjusted. Here, to some extent, a recognition based
approach is used but exactly recognition is not done. Further
it is to be clarified that, to get correct recognition is not the
motive of the present work but it is used to confirm
segmentation as per the classes and indirectly correct
segmentation. It is a reverse approach to ensure correct
segmentation.

There was some wrong segmentation for characters too.
Certain Gurumukhi characters are combined in nature as
shown in the following figure.

1
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Fig. 5. Gurumukhi Combined Character

The present work results it as a segmentation of one
character, but ideally it should be segmented as two
characters — one character as between the lines 2 and 4 and
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the other as between the lines 4 and 5. The shape of some of
Gurumukhi characters (few in numbers) plays an important
role. But overall the concept is working,. We can conclude
that it was good for the character segmentation.
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