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1. Topic:  

To develop an application for recognition of Devanagari Characters.  

2. Motivation:  

The aim of project is to develop software which can recognize Devanagari characters from 
scanned image of printed documents.  

India has a large population and its national language Hindi, the third most spoken 
language of the world after Mandarin (Chinese characters) and English, is represented in 
Devanagari script. Thus the aim is to support the enormous literature in Devanagari script 
with an ability to be easily digitized. It can be used to digitize books written in Devanagari. 
Digitizing of books can provide a large number of advantages such as searching through the 
book, cost reduction, and easy storage.  

The World Wide Web (WWW) is growing at an enormous rate. With the increase in 
popularity of internet, the number of websites hosted in Devanagari has been increasing 
exponentially. Most of these sites often use images to represent Devanagari text. There is a 
need of search engines which can search for sites/keywords provided in Devanagari script. 
For the efficient functioning of these search engines it becomes necessary for them to include 
some software to recognize Devanagari text from websites. This software will provide these 
search engines with added power and make it possible for them to search through Devanagari 
sites which use images to represent text. Recognition of Indian language text in image/digital 
documents will also allow the indexing of Internet images for web search. This can also be 
extended to recognition of Devanagari text from videos for proper indexing of such videos. 

Another important use of such software could be in recognizing Devanagari addresses 
on envelopes in post offices, thus automating the overall process. The use of this software in 
post offices would allow easy division of letters on the basis of the address even if the 
address is written in Hindi. 

Also, there are different languages spoken in India. This software, if added with the 
capability of transliteration/translation can prove quite useful for many persons who don’t 
understand Hindi but want to read some book written in Hindi. It would allow the books to be 
easily translated into other languages.  
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3. Problem Definition:  

The aim of the project is to develop a recognizer for Devanagari characters in printed 
documents. The goal is to produce characters which correspond to the characters in the 
image. The whole scope of the problem can be stated as: 

• Detection of characters from the scanned image of printed document written in 
Devanagari script.  The process of segmentation is to split the document image into 
lines, words and finally into individual characters. Lines are segmented by 
considering the histogram of black pixels taken on the y-axis. It is based on the 
observation that the number of black pixels between 2 lines is very small or zero. 
After the segmentation of the lines, the words need to be segmented by taking the 
histogram of black pixels on the x-axis. Again the segmentation of words into 
characters is achieved by taking the histogram of black pixels on the x-axis after 
removing the header line (shirorekha) from the words. 

 

Fig. 1: Horizontal and Vertical Projection 

 

Fig. 2: Separation of shirorekha from the word 

         

• The recognition of the characters is the next step which should be independent of the 
character size and font. Devanagari script has 33 consonants and 11 vowels. Thus the 
recognition of Devanagari text poses a lot of interesting problems. The words may be 
formed by consonants, combination of consonants and vowels (matra), or even 
combinations of more than 1 consonant. Thus the problem is to develop an efficient 
recognizer with acceptable accuracy of more than 85%. 
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We have chosen Kohonen Neural Network for the recognition process because: 

i).   They are relatively simple to construct. 

ii). They can be trained very rapidly. 

 

• Constraints/Assumptions: We have not addressed the following constraints in our 
project: 

a. Fused Characters: We do not segment characters that are joined/fused. E.g., 

.  . 

b. Vowels (Matra): We have assumed that the text presented to the software 
would be without any vowels (matras). 

c. Disjoint Characters: We will not be recognizing disjoint characters. E.g., ग. 

d. Pen Width: We have considered the pen width to be one pixel. Pen width 
denotes the width of the header line (shirorekha). 

e. We assume that the image presented to our software is not rotated at any 
angle.  

f. We assume that the background of image is white and the text is written in 
black (or shades of grey). 

4. Literature Survey:  

Character recognition is an active area for research in computer vision. The various methods 
adopted for this purpose are: 

a) Template Matching: In this approach a similarity measure between the input pattern 
and each stored template is computed. The template which has highest similarity 
measure is identified and if this similarity is above a threshold, then the character is 
assigned to that particular class.  

b) Statistical Approach: In this approach, each pattern is represented in terms of n-
dimensional feature vectors. The feature space is divided into mutually exclusive 
regions, with each region belonging to a specific pattern class. In the recognition 
process, it is determined in which region the particular sample falls and subsequently 
to which pattern class it belongs.  

c) Structural Approach: Structural classification methods utilize structural features and 
decision rules to classify characters.  For a character image input, the structural 
features are extracted and a rule based system is applied to classify the character.  

d) Artificial Neural Network: An artificial neural network is a large collection of very 
simple, massively interconnected cells (hence the term connectionist methods). These 
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cells can be arranged in such a way that each cell derives its input from one or more 
other cells, and is linked through weighted connection to one or other cells. In this 
way, input to the  

 

5. Progress of Work: 

These are the following steps involved in the recognition of Devanagari Characters: 

1. Segmentation : 

Segmentation of a document into lines and words and of words into individual characters and 
symbols constitute an important task in the optical reading of texts. Presently, most 
recognition errors are due to character segmentation errors. Very often, adjacent characters 
are touching, and may exist in an overlapped field. Therefore, it is a complex task to segment 
a given word correctly into its character components. 

Firstly, we define various terms which are used in the segmentation process [5]: 

 Vertical projection: For a binary image of size H*W, where H is the height of the 
image and W is the width of the image, the vertical projection is defined as  

 V P (k); k = 1, 2, W 

      This operation counts the total number of black pixels in each vertical column. 

 Horizontal Projection: For a binary image of size H * W where H is the height of 
the image and W is the width of the image, the horizontal projection is defined as 

 HP (j); j = 1, 2, H 

     This operation counts the total number of black pixels in each horizontal row. 

The preliminary segmentation consists of the following five steps [1]: 

Step i: Locate the text lines: A text line is separated from the previous and following text 
lines by white space. The line segmentation is based on horizontal histograms of the 
document. Those rows, for which HP[j] is zero; j = 1, 2, H serve as delimiters between 
successive text lines. 

Step ii: Locate the words: The segmentation of the text line into words is based on the 
vertical projection of the text line. A vertical histogram of the text line is made and white 
space is used as word delimiter. 

Step iii: Locate the header line: After extracting the sub images corresponding to words for a 
text line, we locate the position of the header line of each word. Coordinates of the top-left 
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corner are (0, 0) and bottom-right corner are (W, H) where H is the height and W is the width 
of the word image box. We compute the horizontal projection of the word image box. The 
row containing maximum number of black pixels is considered to be the header line. Let this 
position be denoted by hLinePos.  

 

 

First figure shows image of a word and the second figure shows its horizontal projection. The 
row that corresponds to the header line has been marked as hLinePos. 

 

Step iv: Separate character/symbol boxes of the image below the header line: To do this, we 
make vertical projection of the image starting from the hLinePos to the bottom row of the 
word image box. The columns that have no black pixels are treated as boundaries for 
extracting image boxes corresponding to characters.  

 

 

First figure shows the vertical projection. The columns corresponding to white space between 
successive characters have been marked. The extracted sub images have been shown in the 
second figure. 
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2. Down Sampling: 

The characters separated from the image may be of variable sizes. To make the 
recognition of characters size independent, we need to down sample the image. This can 
also be referred to as windowing [2]. 

For sampling, we use the following algorithm: 

a. Find the ratio of down sampled size to the original image size. 
Let the ratio be ratioX and ratioY for width and height respectively. 

b. Check for the presence of black pixels in a box of dimension 
ratioX x  ratioY in the image. 

c. If there is a black pixel then take the corresponding quadrant 
as black otherwise take it white.  

                  

      The down sampled character is given as input to the recognition module. We have 
considered the down sampling size to be 15 x 20. This size can be changed to check for 
accuracy for different sizes. 

3. Recognition: 

We have used Kohonen Neural Network for the recognition of characters. Kohonen Neural 
Network, sometimes called Self Organizing Map (SOM), contains no hidden layer. This 
network architecture is named after its creator, Tuevo Kohonen. It differs from other neural 
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networks in several important ways. Kohonen Neural Network does not use any sort of 
activation function. Further it does not use any sort of bias weight. Output from Kohonen 
network does not consists of output from several neurons. When a pattern is presented to 
Kohonen network one of the output neurons is selected as winner. This “winning” neuron is 
the output from Kohonen Network. 

The recognition process using a Kohonen Neural Network involves following steps [4]: 

a. Structure of Kohonen Network: Kohonen Network consists of an input layer of 
neurons and an output layer. The neurons in input layer are connected to the ones in 
output layer through different weights. Using these weights, we can examine which 
input set of neurons produces what output. For our project, the number of input 
neurons would be DOWNSAMPLEWIDTH * DOWNSAMPLEWIDTH = 300. 

b. Normalizing the input: The Kohonen Network requires that its input be normalized. 
To normalize the input, we must first calculate the “vector length” of the input data. 
This is done by summing the squares of the input vector. Using this length, we can 
identify the normalizing factor by taking the reciprocal of the square root of this 
length.  

c. Calculating each neuron’s output: To calculate the output, the input vector and neuron 
connection weights must both be considered. First the “dot product” of the input 
neurons and their connection weights must be calculated. To calculate the dot product 
between two vectors, we must multiply each of the elements in the two vectors. 

d. This output must be normalized by multiplying it by the normalization factor that was 
determined in the previous step. After this, output must be mapped to a bipolar 
number. 

e. To make the mapping of the output with bipolar number, we multiply number by 2 
and subtract 1. This value is the final output for a specific neuron. 

f. Choosing a Winner: For choosing a winner we calculate the final output value of each 
neuron and then to choose the winning neuron we choose the output that has the 
largest output value. 

g. This output neuron (winner) will then be looked up against a map which will provide 
the corresponding character that the input refers to. This map is prepared by recording 
the data of which neuron wins for each of the training data presented to the network. 

 The successful recognition of characters depends on the weights between the input 
neurons and the output neurons. These weights are decided using the training process. 
Overall, the process for training a Kohonen Neural network involves stepping through 
several epochs until error of a Kohonen neural network is below an acceptable level. For 
calculation of error, assume two values for NEURON_ON = 0.9 and NEURON_OFF = 
0.1. In Kohonen Neural Network, for each training set, an output neuron with maximum 
value of output will be declared as the winner. We say that the winner is activated. All the 
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other neurons are considered as in OFF state. To calculate the error, we just sum the 
square of all the differences of the actual values with the already decided values for a 
neuron that is in ON state and neuron that is in OFF state. 

This winning neuron for each training set will also have its weight adjusted so that it 
will react more strongly to the input next time. As different neurons win for different 
patterns, their ability to recognize that particular pattern will be increased.  

The important functions that we have implemented are as follows: 

• Segmentation Module 
a. makeDataSet() : Performs the segmentation of document image into lines, 

words and characters. This is done by finding lines, then words for every line 
and then characters for each word. 

b. findLines(): Performs segmentation of image into lines using horizontal 
projection.  

c. findWords():Performs segmentation of lines into words using vertical 
projection. 

d. Shirorekha(): Finds the header line (shirorekha) for each word. 
e. findCharacters():Performs segmentation of words into characters using 

horizontal projection. 
• Recognition Module 

a. downsample(): Down samples the input to a fixed size. 
b. learn(): Function to implement learning of neural network. 
c. initialize(): Function to initialize the weights of the network randomly. 
d. winner(): Function to find the winning neuron for a presented input. 
e. forceWin(): Function to force a neuron to win and adjust its weight 

accordingly. 
f. mapNeurons(): Function that maps the output neurons to the characters to be 

recognized. This is done using the training data. 

Distribution of Work: 

The project has been accomplished with the efforts of all three members. The work was 

collectively done in separate modules by the group members. In this project there are 3 main 

modules as given below: 

 Segmentation Module: It was done collectively by Pulkit Goyal and Sapan Diwakar. 
• Recognition Module: This module was further divided into three main parts: 

a. Down sampling: It was done by Sapan Diwakar. 
b. Trainng: It was done collectively by Pulkit Goyal and Sapan Diwakar. 
c. Recognition: It was done by Pulkit Goyal. 

• GUI : It was done collectively by Pulkit Goyal and Sapan Diwakar. 
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6. Implementation and Results  
 

 
Fig 6.1. The main GUI of the project 

 
Fig 6.2. Characters can be added using the drawing area. 

 

 
Fig 6.3. Handwritten characters can be recognized by drawing in the drawing area. 
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Fig 6.4. Letters can also be added to training set by using image. Image will 

automatically be segmented and processed character by character. 

 
Fig 6.5. Complete image can be recognized in one go using “>>” Button. 

 
7. Conclusions and Future Work 

We have not been able to achieve a high accuracy with our implementation of the Devanagari 
Character Recognition Project.  In the future we would be looking into eliminating the 
constraints that were mentioned earlier. i.e., we look forward to modify the project so as it 
can achieve the following: 

a. Greater accuracy 
b. Skew Detection 
c. Recognize fused characters 
d. Recognize disjoint characters 
e. Make it color independent. 

We are also looking forward to adding a transliteration capability to the software so that it 
can be used to convert images of documents from Hindi to other Indian languages. 
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