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Abstract
In this paper we present a system towards the segmentation 
of Hindi Handwritten Devnagari Text. Segmentation of script is 
essential for handwritten script recognition. This system deals 
with segmentation of modifiers (matras) and fused characters 
in handwritten Devnagari word. Also describe carries out 
segmentation in hierarchical order .First the header line is 
identified and segmented. Segmentation of modifiers consists 
of segmentation of top as well as bottom modifiers. In the last 
step the fused characters are also a segmented.

Keywords
Segmentation, OCR, contour Tracing Algorithm, Erosion, 
Dilation, cropping.

I. Introduction
OCR is an acronym for Optical Character Recognition. OCR 
is the process of converting the scanned images of machine 
printed or handwritten text, symbols, numerals, letters in to 
the format which can be processed by the computer such as 
ASCII. OCR is the most important part of Electronic Document 
Analysis systems. An OCR has variety of commercial and 
physical applications. It can be used for automatic reading 
and processing of the forms, old degraded documents, bank 
cheques, postal codes, forms. It can prove as an aid for visually 
handicapped persons. There are many scripts and languages 
in India but not much research is done towards recognition of 
handwritten Indian characters.

A. Segmentation
Segmentation is a technique which partitions handwritten 
words into individual characters. Segmentation is the 
preliminary step of optical character recognition for any 
language. Word segmentation is one of the core problems 
of OCR of handwritten text, which has long been an active 
area of research. Since recognition heavily relies on isolated 
characters, segmentation is a critical step for character 
recognition because better is the segmentation, lesser is the 
ambiguity encountered in recognition of candidate characters 
of word pieces. Segmentation of handwritten Devnagari word is 
not trivial due to variability in shape and size of the constituent 
character units of the handwritten word which results due to 
different writing styles.

B. Devnagari Script
Devnagari is the script used by Sanskrit, Hindi, Marathi and 
Nepali. It is an alphabetic script .There is no concept of upper 
and lower case in Devnagari as in English. Hindi is the world’s 
third most commonly used language after Chinese and English. 
Due to large market potential research on Devnagari script is 
gaining importance. Since the beginning of 1980 there has 
been remarkable increase in the research in this field. Currently 
there are three main methods of segmentation.

Classical Approach1. 
Recognition Based Approach2. 
Holistic Approach3. 

1. The Classical Approach
in which segmentations are identified based on character-like 
properties. This process of cutting up the image into meaningful 
components is called dissection.

2. Recognition Based Segmentation
in which the system searches the image for components that 
match classes in alphabet.

3. Holistic Methods
in which the system seeks to recognize words as a whole, thus 
avoiding the need to segment into characters. There are many 
strategies for segmentation, which are combinations of one 
or more of above three pure ones. We can show these three 
strategies to occupy orthogonal axes.

Fig. 1: Three  D space representing the strategies of segmen-
tation

II. Materials and Methods

A. Approaches towards segmentation of Devnagari 
text 
Naresh Kumar Garg, Lakhawinder kour and M.K. jindal [10] 
proposed method for Line Segmentation of Handwritten Hindi 
text. The method is based on header line detection, base line 
detection and contour following technique. No preprocessing 
like skew correction, thinning or noise removal has been done 
on the data. The purpose of this paper is three fold. Firstly, 
we explained by experiments that this method is suitable for 
fluctuating lines or variable skew lines of text. Also, we confirm 
that this method is invariant of non uniform skew between words 
in a line (non uniform text line skew). Secondly, the contour 
following after header line detection correctly separates some 
of the overlapped lines of text. Thirdly, this paper provides a brief 
review of text line segmentation techniques for handwritten text 
which can be very useful for the beginners who want to work 
on text line segmentation.

Morphological Approach for Segmentation of Scanned 
Handwritten Devnagari Text
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Fig. 2: Header line and baseline.
 
Rajiv Kumar and Amardeep Singh [11] proposed an approach 
to segment the scanned document image. As per this approach, 
initially this considers the whole image as one large window. 
Then this large window is broken into less large windows giving 
lines, once the lines are identified then each window consisting 
of a line is used to find a word present in that line and finally to 
characters. For that purpose we used the concept of variable 
sized window, that is, the window whose size can be adjusted 
according to needs. 

Fig. 3: Line in the scanned document

Fig. 4:  Windows obtained after the processing the scanned 
file

Khedkar and Ramanaprasad [1] proposed text - image 
separation in Devnagari documents. They proposed a top-
down, projection-profile based algorithm to separate text blocks 
from image blocks in a Devnagari document. The algorithm 
uses a distinctive feature of Devnagari text, called Shirorekha 
(Header Line) to analyze the pattern produced by Devnagari 
text in the horizontal profile. The algorithm uses the features 
such as regularity in frequency, orientation and spatial cohesion 
to identify text blocks in a document image containing both 
text and graphics. Shaw, Parui and Sridhar [2] proposed 
Segmentation based approach to offline handwritten Devnagari 
word recognition. The approach is based on novel segmentation 
.Stroke based features are used as feature vectors. A hidden 
Markov model is used for recognition at pseudo character level. 
The word level recognition is done on the basis of a string  
distance.

B. Proposed Work
The proposed system deals with segmentation of modifiers in 
upper zone called top modifiers, segmentation of modifiers in 
lower zone called lower modifiers and fused characters. The 
system executes the following steps on scanned text.
1.Segmentation of header line
2.Segmenting the top modifiers
3..Segmenting the bottom modifiers
4.Segmentation of fused characters

1. Segmentation of Header Line
Header line is the most prominent part of the word image that 
glues all the characters in the image. Once the header line is 
separated, the word image gets divided into two parts. One 
comprising of the top strip and the other comprising of middle 
and the bottom strip. The top strip contains top modifiers, 
middle stream contains the characters some of which may be 
fused and the bottom strip contains the lower modifiers. For 
header line segmentation the proposed system deploys the 
morphological operations of image processing .For segmenting 
the header line the proposed system carries out the following 
steps:
Step 1 : Erosion
Step 2 : Dilation
Step 3 : Cropping 
Step 4 : Object recognition 
Step 5 : Header line detection
Step 6 : Accuracy correction

(i). Erosion  
The input word image is eroded with the following structuring 
element to obtain the processed image. The processed image 
obtained is sharper. The structuring element used to carry out 
the erosion is as follows. 
1 1 1 1

1 1 1 1
Fig. 5: Structuring Element for Erosion

Fig. 6: Original image                           

Fig. 7: Eroded image

(ii). Dilation 
The structuring element used to carry out the dilation is chosen 
in such a way that it is sensitive to the shape of header line in 
the word image. Processed image obtained as a result of the 
dilation contains the components that correspond to horizontal 
line. The structuring element designed for carrying out the 
dilation is as follows.

1 1 1 1
Fig. 8.: Structuring Element for Dilation

(iii). Object Detection
In this step the proposed system makes use of Contour Tracing 
algorithm which takes a point on the contour of an object and 
returns all the pixels in its neighborhood of that pixel which 
comprise the object. Multiple objects that are present in the 
dilated image are thus detected and pixels comprising these 
objects are stored. 
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(iv). Header line Detection
From the set of objects which are detected in step 4, the object 
having max size is detected, that object corresponds to the 
header line.

2. Segmenting the Top Modifiers
For segmentation of Top Modifiers the proposed system makes 
use of the Moore Neighbor tracing algorithm. The algorithm 
is as follows:
Input to the algorithm: Object T, containing a connected 
component P of black cells. 
Output from the algorithm:  
A sequence B (b1, b2, bk) of boundary pixels. 
N (a) be the neighborhood of pixel a.
p denotes the current boundary pixel. 
c denotes the current pixel under consideration. 
Begin 
Set B to be empty. 

From bottom to top and left to right scan the cells of T until • 
a black pixel, s, of P is found. 
Insert s in B. • 
Set the current boundary point p to s. • 
Move back to the pixel from which s was entered. • 
Set c to be the next clockwise pixel in N (p). • 

While c not equal to s do 
If c is black 

insert c in B • 
set p=c • 
backtrack (move the current pixel c to the pixel from which • 
p was entered) else 
advance the current pixel c to the next clockwise pixel in • 
N(p) is end While

End 

Fig. 9: Path traced around the current boundary pixel

3. Segmenting lower modifiers from characters
For segmenting the lower modifier the point where the lower 
modifier touches the character determined by the system. Once 
the segmentation point is determined, the character image is 
cropped below the segmentation point to separate the lower 
modifier from the character.

(i). Determining the segmentation point
For finding the segmentation point the proposed system uses 
Highlighted Point Detection, Vertical Line Detection and Bottom 
modifier identifier algorithms.

(a). Highlighted Point Detection Algorithm
This algorithm takes the character image as input, carries out 
erosion to get the eroded image. Structuring element used 
for carrying out the erosion is of dimension 8X1 .The eroded 
character image is further dilated to get the dilated image. The 
structuring element used to carry out dilation is of dimension 
8X4.The dilated image is furthur dilated, the structuring element 
used for carrying out the dilation is of dimension 2X2. Next, the 

object detection algorithm is used to extract the various object 
from the image .One of the object that may corresponds to the 
segmentation point is returned by the procedure.

(b). Vertical Line Detection Algorithm
This algorithm takes the character image as input, carries 
out erosion to get the eroded image. Structuring element 
used for carrying out the erosion is of dimension 1 X 8.The 
eroded element is further dilated to get the dilated image. 
The structuring element used for carrying out the dilation is 
of dimension 4X8.The dilated image is further eroded, the 
structuring element used for carrying out the erosion is of 
dimension 4X4.Next, the object detection algorithm is used 
to extract the various objects from the image. One of the objects 
that may correspond to the segmentation point is returned by 
the procedure.

(c). Bottom Modifier identifier
Highlighted Point Detection algorithm as well as Vertical 
Line Detection algorithm return the point, from which one of 
the point is the final segmentation point. For detecting the 
coordinates of final segmentation point, both the points are 
examined; the point where y coordinates maximizes the final 
segmentation point. 

            
 Fig.10: Flow chart for Bottom modifier identifier

(d). Separating the lower modifier
Once the segmentation point is determined the character 
image is trimmed from the segmentation point to separate 
the lower modifier from the character.

4. Segmentation of fused characters

(i). Extraction of left consonant 
Proposed system carries out segmentation of fused character in 
to left and right consonant .Left consonant is the half consonant 
and right consonant is the full consonant .The proposed system 
scans the character image vertically till a column with one 
pixel thick intensity is found. Keeping y constant the proposed 
system checks the consecutive columns till column with more 
than 3 pixels is found. System stores the start column and 
end column position. If the column width calculated as width 
between start and end column is more than 65% of the average 
width, the portion between the two columns is considered as 
the left consonant of the composite character. If the width 
between start and the end column is less than 65% of the 
average width the process is repeated till next three pixel thick 
column is found.

(ii). Extraction of right consonant
From the end column determined in the previous step to the end 
of the character image, entire part is enclosed in a rectangular 
box. The width of rectangular box is checked. If it is greater than 
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85% of the average width character enclosed in rectangular 
box is categorized as the right consonant.

III. Results
In the proposed method segmentation is done in the hierarchical 
order. First the header line is segmented. Next the word in 
the text line is identified. For segmentation of header line 
morphological operations of image processing erosion and 
dilation are used. The header line in the handwritten is not 
as strictly horizontal as in the printed words. For tilted header 
line also the approach gives promising results. In the literature 
techniques for segmentation of printed text is available. In some 
systems the method used for segmenting the header line is 
to find the row with maximum number of black pixels but this 
method fails for the handwritten words due to the tilt in the 
header line that may be encountered due to variability in writing 
styles. The approach fails to give the correct results in case of 
header line containing curves as shown in the fig. 11.

Fig. 11: Word image with tilted headerline

For segmentation of top modifiers Moore Neighbor Tracing 
algorithm is used after separating the zone containing top 
modifiers from the word image. It fails to give the correct results 
if the modifier contains closed loop of foreground pixels as 
shown in the fig. 12.

Fig. 12: Top modifiers containing loops

After this the characters below headerline are separated by 
finding consecutive columns containing all pixels with intensity 
corresponding to that of the foreground pixels.
After separating the characters segmentation point for the 
lower modifiers is determined by highlighted point detection, 
vertical line detection and bottom modifier identifier algorithms. 
Once the segmentation point is obtained the lower modifier is 
separated by trimming. One of the touching points is returned as 
the segmentation point. So lower modifier extraction algorithm 
gives incorrect results in case of the characters where lower 
modifier fails to touch the character as shown in the fig. 13.

Fig. 13: Word image with gap between lower modifier and 
character

Next the fused characters are identified by finding average width. 
Those characters having width greater than average width are 
categorized as fused characters. Left consonant is extracted 
by finding the position where pixel intensity changes. A width 
criterion is also taken in to consideration for categorization of 
left consonant. Rest part of the fused character is categorized 
as right consonant provided it satisfied the width criterion. 
Sometimes handwritten words may contain the characters 
with different widths, as shown in fig. 14, in such cases the 
algorithm fails. Some of the character having greater width 
may be categorized as fused characters even though they may 
be simple. When the word images shown in fig. 14, as given 

as inputs, characters are classified as fused characters even 
though they are simple characters. 

Fig. 14: Word image with characters of varying widths
The proposed approach is tested on the data set of 100 samples 
the results are tabulated as follows:

Table 1:Results for segmentation of top modifier

Total 
number
of samples

Total number 
of
top modifiers

Correctly 
segmented
top modifiers

Accuracy for 
segmentation
of top 
modifiers

100 110 63 57%

Table 2: Results for segmentation of bottom modifier
Total 
number 
of 
samples

Total number 
of bottom 
modifiers

Correctly 
segmented 
bottom 
modifiers

Accuracy for 
segmentation 
of bottom 
modifiers

100 58 32 55%

Table 3: Results for segmentation of characters in core zone

Total 
number of 
samples

Total number 
of characters 
in core zone

Correctly 
segmented 
characters 
in core zone

Accuracy for 
segmentation 
of characters 
in core 
zone(simple 
and fused)

100 320 166 52%

IV. Conclusion
In recent years, OCR (Optical Character Recognition) 
technology has been applied throughout the entire spectrum 
of industries, revolutionizing the document management 
process. Segmentation is the most important step before 
recognition. The accuracy of the recognition depends on the 
segmentation. Better is the segmentation less is the ambiguity 
encountered in recognition. Segmentation of handwritten text 
is very critical due to the irregularities in shape and size of the 
handwritten characters. Very little work is reported towards 
the segmentation of handwritten text. Proposed approach is 
suitable for segmentation of handwritten Devnagari (Hindi) text. 
Very little database is available online for Devnagari .So this 
filed is still one of the prominent filed for research. 
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