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Abstract. Character recognition is an important stage of any text recognition 
system. In Optical Character Recognition (OCR) system, the presence of half 
characters decreases the recognition rate. Due to touching of half character with 
full characters, the determination of presence of half character is very challeng-
ing task. In this paper, we have proposed new algorithm based on structural 
properties of text to segment the half characters in handwritten Hindi text. The 
results are shown for both handwritten Hindi text as well as for printed Hindi 
text. The proposed algorithm achieves the segmentation accuracy as 83.02% for 
half characters in handwritten text and 87.5% in printed text. 
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1   Introduction 

The simplest technique to segment the characters is to use inter-character gap  
between the characters. This technique cannot be applied on touching half charac-
ters. Also, the technique used to segment the printed characters cannot be applied to 
handwritten documents due to different writing styles, different sizes of characters 
and different shapes of characters in texts written by different people. The presence 
of half characters in handwritten text makes the problem of segmentation more  
complex. 

2   Related Work  

A good survey about OCR is given in [1]. Hindi is the official language of India. To 
the best of author’s knowledge, no commercial OCR for handwritten Hindi text is 
available, yet. Many algorithms have been developed for segmenting touching charac-
ters in Indian scripts, but most of them are on printed text. Bansal and Sinha [2] had 
segmented the conjuncts (type of touching characters) based on structural properties 
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of text in printed Devanagari script. They  segmented the conjuncts with an accuracy 
of 84%. Jindal et al. [3, 4] had segmented the touching characters in middle zone and 
upper zone of printed Gurmukhi script using structural properties of the script. 
Chaudhuri et al. [5] had used the principal of water overflow from a reservoir to seg-
ment touching characters in Oriya script. Garain and Chaudhuri [6, 7] had used a 
technique based on fuzzy multifactorial analysis to segment touching characters in 
printed Devnagari and Bangla scripts.  

Tripathi and Pal [8] had worked on segmentation of touching characters in hand-
written Oriya text using structural, topological and water reservoir features. But this 
technique cannot be directly applied to handwritten Hindi text due to presence of half 
characters touching the full characters(conjuncts). The work on line segmentation, 
consonant segmentation, upper modifier segmentation and lower modifier segmenta-
tion in Handwritten Hindi text were explained by us in [9, 10].  In this paper, we have 
explained a new method based on structural features for segmentation of half charac-
ters in handwritten Hindi text. 

3   Database 

All experiments were conducted on database constructed by taking handwritten data 
from 15 writers. The handwritten documents were reduced in size in paint to 35% to 
increase the speed of execution. The percentage of stretching of the document in hori-
zontal and vertical direction was same. In some documents, up to 2 degree skew cor-
rection was done in paint. This was done on whole document and not on particular 
lines.  

Figure 1 contain part of handwritten Hindi database. 

 

Fig. 1. Part of Database 
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4   Characteristics of Hindi Language 

Devanagari is the script for writing Hindi language. Hindi is written from left to right 
and there is no concept of upper or lower case. The half characters may touch with 
full characters to make the characters called conjuncts. 

 

Fig. 2. Conjuncts 

This paper deals with segmentation of these conjuncts. When two or more charac-
ters are combined to form a word, the horizontal lines touch each other and generate a 
header line called shirorekha. The vowels (modifiers) can be placed at the left, right 
(or both), top or bottom of the consonant. 

5   Segmentation of Half Characters 

For separation of Half characters (Conjuncts), the following algorithm has been  
developed. 

After separating the lower and upper modifiers, the consonant separation is done. 
We determine vertical projection profile of the word and pass the separated characters 
through this algorithm. Let m is the matrix storing the conjunct character. Let r is 
number of rows and c is number of columns. 

The determination of presence of half character is very challenging. The characters 
whose width is greater than 1.65 times the height of a character are assumed as con-
juncts or touching characters and treated separately. We also tried the algorithm with 
threshold value as 1.5 but the results are best with threshold value of 1.65 only. But, if 
the height of a character is very small i.e height of the character is less than 12 pixels 
(in printed text), it will not work. To handle this problem we choose the threshold 
value as 1.4 for characters with less than 12 pixels in height. 

The algorithm is as follows: 

Step 1: For each column (i), the number of pixels are determined from row (r/7) to  
rth row, and stored in an array say vpixels(i), i=1 to n, where n is the number of  
columns.  
Step 2: Starting from the left most pixel, we scan the character from left towards right 
upto first 70% part of the character i.e (c×0.7)th column of the character. If number of 
pixels vertically in two continuous columns is greater than one and column position is 
less than ceil(c/5), we set the flag flag_1 and continue to scan further till we get two 
continuous columns with single pixel. For printed text(r<12), the flag is set if number 
of pixels in any column is greater than one and column position is less than ceil(c/5).   
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Step 3: If we get two continuous columns with single pixel and column position is 
greater than (c/5)th column we set another flag flag_2 and continue to scan towards 
right till (c×0.7)th column.  
Step 4: If flag_1 and flag_2 are set and we get the column with more than one pixel 
again, and column is between (c/4)th and (c×0.7)th column, we store the column-1 
position in a variable say v1.   
Step 5: In this step following conditions are checked to avoid over segmentation of 
other characters that satisfy the condition that their width is greater than 1.65 times 
the height of a character like , , ,  etc., which are generally written longer 

in width while writing the text. 

i) The number of pixels in v1 column is less than half of the maximum no. 
of pixels in any column or there are more than three continuous columns 
with one pixel  

ii) The maximum height of remaining columns(v1+1 to c) is greater than or 
equal to maximum height of any of the columns from 1 to v1. 

iii) Presence of two continuous columns with pixels greater than two from 
v1 to v1+4 columns. 

If all the above three conditions are true, we store the value of v1 for half character 
separation otherwise it is set to zero. If v1 is zero, than it is a problem of second type 
i.e. two consonants are touching each other (Segmentation is done separately).   
Step 6: Starting from first left most pixel to the column v1, we copied the matrix to 
another matrix say m1 and copied the pixels from column v1 to end column, to matrix 
m2. 

The step 2 is further modified to solve the problem of pen width in the starting of 
character. Instead of scanning the character from left most pixels we scan from third 
pixel position.   

6   Results 

The proposed algorithm is tested on both handwritten as well as on printed Hindi text 
to segment the half characters and it gives very good results (Table 1 and Table 2, 
figure 3).  

Table 1. Accuracy of Segmentation of Handwritten Hindi Text 

Total 
Words 

Total Half 
Characters 

% of Half 
Characters  

Half Characters  
Correctly Segmented 

% Accuracy of Half 
Character Segmentation 

1294 106 8.18 88 83.02 

Table 2. Accuracy of Segmentation of printed Hindi text 

Total 
Words 

Total Half 
Characters 

% of Half 
Characters   

 Half   Characters   
 Correctly Segmented 

% Accuracy of Half 
Character Segmentation 

345 24 2.9 21 87.5 
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Fig. 3. Half Character Segmentation Results 

Further, for visual inspection, some of the correctly segmented conjuncts are 
shown in figure 4 and incorrectly segmented conjuncts in figure 5.  

 

Fig. 4. Correctly segmented conjuncts 

 

Fig. 5. Incorrectly segmented figures 

In figure 5(a), the half character is overlapped with consonant  and not attached 
with  during vertical separation of consonants. In figure 5(b), the half character  
and character  are very much overlapped and no vertical single pixel columns pre-
sent as required in step 3.  

The main problem in half character separation is the overlapping of half character 
with the full character. The determination of presence of half character is even more 
difficult task to handle.  
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Multiple conditions specified in step five are put on data to avoid the over segmen-
tation of other characters (like ) with width greater than 1.65 times the height of a 
character. The same technique is also tried on printed Hindi text. 

7   Discussion 

From the above results, it is clear that the proposed technique used to segment the 
conjuncts (half characters) in Handwritten Hindi text is very useful. The study may be 
carried out in future in the following direction: 

1. The above algorithm with some modification may be used to segment the 
touching characters in handwritten Hindi text. 

2. The above technique may be used to segment touching characters in other 
Indian scripts.   
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