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ABSTRACT: 
 

Segmentation is the important step of analytical approaches employed to handwritten word recognition. This paper 
presents a unique approach for segmenting the handwritten Devanagari scripts. The Devanagari scripts are segmented 
separately as lines, words and characters using Projection-profiles based approach. The vertical projection profile is 
obtained by calculating pixel values along the horizontal axis for each y value. The horizontal projection profile is 
obtained by calculating pixel values along the vertical axis for each x value. This method can be applied to printed 
documents as well as for handwritten documents.  
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[1] INTRODUCTION  

Recognition of handwritten text is important for electronic conversion of historical and genealogical 
information including letters, diaries, wills and other manuscripts. Other applications involve cheque and 
invoice processing, tabular form recognition, postal mail sorting etc. The problem is challenging because 
of human handwriting variability, uneven skew and orientation as well as noise and distortion such as 
smudges, smears, faded print, bleed-through and insect-perforation in the document.  

However, remarkable progress has been made on this problem in recent times.  The preprocessing task for 
any OCR engine is to identify the text region, isolate individual lines and words as well as segment the 
characters. 

Character Segmentation is a crucial phase for recognition process, successful segmentation of characters 
brings better recognition. Segmentation of Offline Handwritten content is more entangled because of 
varieties in writing styles of distinctive users, furthermore the complex structure of Devanagari characters.
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Presence of touching, overlapping, broken, half characters and uneven header line makes this process all 
the more difficult. A considerable measure of research has been performed on these issues yet more 
proficiency is still needed. 

Recognition results for unconstrained handwriting is still low due to the poorly segmented words. 
Segmentation errors mislead classifier during character recognition. Higher the segmentation accuracy, the 
more beneficial it is to the recognition rates. Hence the segmentation is the backbone of the recognition 
process and is still active research topic. Segmentation play an important role in handwriting recognition 
process. 

[1.1] PROPERTIES OF DEVANAGARI SCRIPT  

Devanagari Script is considered as principal script in India, it is utilized inside Hindi, Sindhi, Nepali, Konkani, 
Marathi, and Sanskrit languages. Devanagari is the most noticeable language in India and third most well known in 
the world, so loads of research work might be performed recognition of Devanagari text.  

There are 34 Consonants, 13 vowels and 14 modifiers or the "Matras" in Hindi language, a single word or character 
could be vertically differentiated into three sections: The Upper area, the center area and the lower area. Center area 
holds vowels, consonants or synthesis of both and upper & lower areas hold vowels, modifiers and their parts.   

Vowels could be formed as free or by using different diacritical imprints, i.e. modifiers or ‘matras’, which are 
created above, below, before or after the consonant or vowel. Every now and again two or more consonants join 
together to structure an alternate shape this is called as compound character.  

One exceptional feature of Devanagari is level flat line on top of all characters, called Header line or ‘Shirorekha’. 
Header line of one character joins the header line of previous and next character to structure a whole word. 

[1.2] BINARIZATION  

Binarization, can be performed by global or local thresholding. Global thresholding algorithms are not generally 
applicable to historical documents, due to inhomogeneous background. Thus, global thresholding results in severe 
deterioration in the quality of the segmented document image. So local thresholding methods are preferred.  

These local methods determine the threshold values based on the local properties of an image, e.g. pixel-by-pixel or 
region-by region, and yield relatively better binarization results when compared with global thresholding methods. 
 

[2] STATE OF THE ART 

A direct approach for word and character segmentation in run-length compressed documents with an application to 
word spotting [1] paper proposes a method for text segmentation directly in run-length compressed, printed  

English text documents. Line segmentation is done using the projection profile technique. Further segmentation into 
words and characters is accomplished by tracing the white runs along the base region of the text line. The given 
method uses the Vertical Projection Profile to segment the words and characters of the document. 
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A combined method of segmentation for connected handwritten on palm leaf manuscripts [2] paper proposes a 
combined method for the handling of connected handwritten segmentation of Thai-Noi script on palm leaf 
manuscripts. This combined process of handwritten segmentation estimates points of connected positions from two 
methods:  

(1) Points of foreground detection: foreground skeleton is established first, the path and junction are then detected 
using Hough transform and histogram of projection profile; and (2) Points of background detection: background 
skeleton is extracted, the top and bottom paths are then detected by using Hough transform. The given method uses 
the Horizontal Projection Profile to segment line of the document. This technique can also be adapted to handwritten 
Devanagari documents with little overlap. 
 

 

[3] PROBLEM STATEMENT 

 

The proposed model of “Automated segmentation of handwritten Devanagari scripts” as shown in Fig 1.  

 

 

Segmented Individual Characters 
 
 

Figure 1: Proposed architectural model 

 

In Image acquisition, the system acquires a scanned image as an input image. The image is acquired through a 
scanner, digital camera or any other suitable digital input device. The input image is converted to Grey scale image. 
Then image is pre-processed. The purpose of preprocessing is to improve the quality of the image being processed

Pre-Processing 

Line Level Segmentation 

Input document Image 

Word Level Segmentation 

Character level Segmentation 
 

Grey Image 
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We must preprocess the image to reduce useless data and to keep the valuable information that we need. 
Binarization is a process of converting a grayscale input image to two levels of intensity i.e. either 0 or 1 using an 
optimal threshold. Then segmentation methods used to separate lines, words and characters of Devanagari scripts in 
the image. 

 

[4] THE METHOD USED   

[4.1] PROJECTION–BASED SEGMENTATION METHOD   
Projection-profiles are commonly used for printed document segmentation. This technique can also be adapted to 
handwritten documents with little overlap.  
 
The vertical projection profile is obtained by summing pixel values along the horizontal axis for each y value. From 
the vertical profile, the gaps between the text lines in the vertical direction can be observed. 

 
Profile(y) = ∑ f(x,y) 

1≤x≤M 
 
The vertical profile is not sensitive to writing fragmentation. Variants for obtaining a profile curve may consist in 
projecting black/white transitions or the number of connected components, rather than pixels. The profile curve can 
be smoothed, e.g. by a Gaussian or median filter to eliminate local maxima. The profile curve is then analyzed to 
find its maxima and minima.  
 
There are two drawbacks: short lines will provide low peaks, and very narrow lines, as well as those including many 
overlapping components will not produce significant peaks. In case of skew or moderate fluctuations of the text 
lines, the image may be divided into vertical strips and profiles sought inside each strip. These piecewise projections 
are thus a means of adapting to local fluctuations within a more global scheme.    
 
Thresholds are necessary to derive inter-line or inter-block distances. This method can be applied to printed 
documents or well separated handwritten lines. So segmentation technique Based on projection profile, where the 
minima between two prominent peaks indicate the line separators. 
 
ALGORITHM 
 
Step 1. Take word image from database.  
Step 2. Perform pre-processing.  
Step 3.  The vertical projection profile is obtained by summing pixel values along the horizontal axis for each y 
value. 
Step 4.  From the vertical profile, the gaps between the text lines in the vertical direction identified and considered 
as segmentation points. 
 
The advantages of the vertical profiling are that, it is a Simple segmentation technique and it also suits well for 
printed and handwritten documents with less overlap.  
 
The disadvantages of the vertical profiling are that, the short lines will provide low peaks, and very narrow lines. 
The documents with many overlapping components will not produce significant peaks. 
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[5] EXPERIMENTAL RESULTS  
 
[5.1] THRESHOLDING 
Thresholding is the process of creating black and white image out of a gray scale image by setting exactly those 
pixels to white whose value is above a given threshold, setting other pixels to black. Grayscale image by 
thresholding can be used to create binary images. 

 

The simple thresholding methods involves replacing each pixel in an image with a black pixel if the image intensity 
src(x,y) less than some fixed constant T (that is, src(x,y) <T), or a white pixel if the image intensity is greater than 
that constant. 

 

[5.1.1] NIBLACK THRESHOLDING  
Formula: 
 

pixel = (pixel > mean + k * standard_deviation - c) ? object : background 
Parameter 1: is the k value. The default value is 0.2 for bright objects and -0.2 for dark objects. Any other number 
than 0 will change the default value. 
 
Parameter 2: is the C value. This is an offset with a default value of 0. Any other number than 0 will change its 
value. This parameter was added and is not part of the original implementation of the algorithm. The original 
algorithm is applied when C = 0. The output is as shown below in Fig 2: 
 
 
 

 

Figure 2:(a) Initial image 
 

  (b) After thresholding 

 

 

 

 [6] CONCLUSION 

This paper presents a novel design approach for segmenting the lines, words and characters of Devanagari scripts. 
For this we separate the lines of Devanagari scripts. Binarization is used to remove the redundant data in the 
handwritten document image. Segmentation of Devanagari text is complex task due to variations in handwritings, 
structural properties of language and presence of upper, lower modifiers. Segmentation is the important step of 
analytical approaches employed to handwritten word recognition. Hence it is the base of most modern approaches 
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and intelligent segmentation method can directly locate character location accurately. The Devanagari scripts are 
segmented separately by lines, words and characters using this approach. 
 
 

 

 

 

 

 

 

 

 

 

 

REFERENCES  

[1] Mohammed Javed, P. Nagabushan, B.B Chaudhari, “A Direct Approach for Word and Character Segmentation in Run-
Length Compressed Documents with an Application to Word Spotting”. 978-1-4799-1805-8©2015 IEEE. 

[2] Rapeeporn Chamchong, Chun Che Fung, “A Combined Method of Segmentation for Connected Handwritten on Palm Leaf 
Manuscripts”. 978-1-4799-3840-7©2014 IEEE. 

[3] Faraz Khan, Ahmed Bauridane, Fouad  Khelifi, Rasheed Almotaeryi and Sumaya Almaadeed, “Efficient Segmentation of 
Sub-Words within Handwritten Arabic Words”. 978-1-479-6773-5©2014 IEEE. 

[4] Anmol J Bhattad, Bidyut B. Chaudhuri, “An Approach for Character Segmentation of Handwritten Bangla and Devanagari 
Script”. 978-1-4799-8047-5©2015 IEEE. 

[5] Shanjana C, Ajay James, “Character Segmentation in Malayalam Handwritten Documents”. 978-1-4799-6393-5©2014 
IEEE. 

[6] Binny Thakral, Manoj Kumar, “Devanagari Handwritten Text Segmentation for Overlapping and Conjunct Characters- A 
Proficient Technique”. 978-1-4799-6896-1,IEEE 2014. 

[7] Veena Bansal, R. M. K. Sinha. “Segmentation of Touching Characters in Devanagari”, year of publication 

[8] Laurence Likforman-Sulem, Abderrazak Zahour, Bruno Taconet,” Text Line Segmentation of Historical Documents: a 
Survey”, Analysis of Historical Documents, International Journal on Document Analysis and Recognition, Springer, 2006. 

[9] Amjad Rehman Khan, Dzulkilfli Muhammad, “A Simple Segmentation Approach for Unconstrained Cursive Handwritten 
Words in Conjunction with the Neural Network”, International Journal of Image Processing, volume (2) issue (3) 2003 

 [10]Mehmet Sezgin, Bulent Sankur, "Survey over image thresholding techniques and quantitative performance evaluation", 
Journal of Electronic Imaging 13(1), 146–165 (January 2004)



 
International Journal of Computer Engineering and Applications, ICCSTAR-2016, Special Issue, May.16 

Prathima Guruprasad, Sanjay Shankar, Shreyas S, Tilak J and Vyshak S Kumar  197 

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Author[s] brief Introduction 
 

 

Mrs Prathima Guruprasad has over 17 years of rich teaching, practical and learning experience. 
Prathima Guruprasad received her B.E in Computer Science and Engineering from NMAM Institute of 
Technology, Nitte in 1997. She received her M.Tech in Computer science and Engineering from BMS 
college of Engineering, Bangalore in 2005. She is currently doing her Ph.D research work in the area 
of Document Image Processing at Mysore University under the Guidance of Dr. Jharna Majumdar, 
former Scientist–G, Dean (R & D), Prof. and Head, Department of CSE (P.G), NMIT, Bangalore. The 
topics dealt under Document image processing include recognition of textual content in Handwritten 
Ancient Manuscript scanned documents, understanding of Devanagari and Nandinagari scripts and 
their processing.  

Mr. Sanjay Shankar is pursuing his B.E in 8th Semester, Computer Science and Engineering from 
Vivekananda Institute of Technology. Currently working on VGST funded project on the topic 
“Automated Segmentation of Handwritten Devanagari Scripts”.  
 
 
 
 
Mr. Shreyas S is pursuing his B.E in 8th Semester, Computer Science and Engineering from Vivekananda 
Institute of Technology. Currently working on VGST funded project on the topic “Automated 
Segmentation of Handwritten Devanagari Scripts”.  
 
 
 
 
Mr. Tilak J is pursuing his B.E in 8th Semester, Computer Science and Engineering from Vivekananda 
Institute of Technology. Currently working on VGST funded project on the topic “Automated 
Segmentation of Handwritten Devanagari Scripts”.  



 
AUTOMATED SEGMENTATION OF HANDWRITTEN DEVANAGARI SCRIPTS 

 198 

 
 

 
Mr. Vyshak S Kumar is pursuing his B.E in 8th Semester, Computer Science and Engineering from 
Vivekananda Institute of Technology. Currently working on VGST funded project on the topic 
“Automated Segmentation of Handwritten Devanagari Scripts”.  

 

 

 
  
 
Corresponding Address-  
Mrs. Prathima Guruprasad  
Associate Professor, Dept. of CSE,  
Vivekananda Institute of Technology,  
Gudimavu, Kengeri Hobli, Kumbalagodu Post,  
Bangalore-560074.  
Mobile: 09449153569 




