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Abstract-Recognition of devanagri characters poses challenges to the researchers due to their complex structure. This paper 
presents a methodology for recognition of unconstrained handwritten Marathi characters. The recognition is carried out 
using array based feature extraction and artificial neural network classifier. Fifty handwritten characters from 10 people 
resulting 500 characters are used for experimentation. The handwritten characters are scanned, preprocessed and on every 
individual character feature extraction is applied. The feature vectors are given as an input for training to back propagation 
neural network. Testing is carried out using individual characters as well as sentences.  The accuracy obtained for 
recognition of 50 individual handwritten characters is 92%.  For handwritten sentences, recognition accuracy obtained is 
88.25%.  
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I.  INTRODUCTION  
  
In India there are many different  regional languages 
like Marathi,  Bangla,  Hindi,  Gurumukhi,  Tamil,  
Sanskrit, Mallyalam,  Nepali,  Sindhi,  Manipuri,  
Dongri,  Gujarati, Kannada,  Kokani  &  Urdu etc.  
Marathi  is the  fourth most spoken language in India 
and fifteenth most spoken language in the world. It is 
an official language of Maharashtra [1].  
Devanagri Script is introduced by ‘Aryas’  in    India. 
The ‘Aryas’  were light skinned and radiant than 
“Dravidi” peoples. Due to this reason they were 
called as “Devas”. Aryas lived in cities/ towns called 
as “Nagar”. Due to this they were called “Nagri” and 
there script named as “Devanagri script”.  It has Aa  (

 ) to Aau  (  ) as vowels those are 12  in 
numbers  as shown in figure 1,  amm  ( )  and  
Aah( )  as vowels/“swaradi”  along  with ka (

 ) to dnya        (  )  as  consonants  those are  
36  in numbers  as shown in figure 2. The total 
characters in this script are 50 and number of 
modifiers as shown in figure 3. Devanagri script is 
formed by vertical, horizontal, cross, circular, semi-
circular lines and curves. It is written from the left to 
right. Characters are attached in forward sequence or 
one below the other.   
Handwritten character recognition can be done in two 
ways: Online and Offline. Online character 
recognition involves the identification of character in 
the process of writing and dealing with pen up and 
down movement. Offline character recognition  
recognizes already written character pattern in a 
scanned digital image. It uses static representation of 
a digitized document such as check, form, mail, or 
technical document.  OCR  (Optical Character 
Recognition)  is a process of automated reading of the 
text line from scanned  image  [2]. Handwritten 
character recognition  is more complex compared to 
machine printed document because different people 

have different writing styles  in the basic shape of the 
characters since the pen ink, pen width, accuracy of 
acquisition device, the stroke size and location in the 
character  is different. Physical and mental situation 
of the writer affects the writing style and in turn the 
recognition accuracy to a considerable extent[1]. We  
have  proposed  a technique for recognition of 
handwritten devanagri  character. Major difficulty in 
this proposed work is the nonexistence of any 
standardized database.  The recognition is carried 
using  artificial neural network.  
The paper is organized as follows. In section II  an 
insight is provided into the earlier work done by 
experts in recognition of handwritten devanagri 
characters. Section III covers our proposed scheme.  
Recognition is discussed  in section IV. Results are 
obtained and presented in section V. Section VI 
concludes the proposed work.       
 

 
Fig 1 .Vowels of the Devanagri script 

  

 
Fig 2. Consonants of the Devanagri script 

 

 
Fig 3. Modiefiers of the Devanagri script 

  
 II.  LITERATURE  SURVEY  
  
According to the research articles major work has 
been done in offline character recognition rather than 
online.  
As devanagri script is complex it  has been always 
remained open and popular area of research. Balaji R. 
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Bombade et.  al.[3] proposed    feature extraction 
method which is based on positional properties of 
each pixel present in character image. They achieved  
82.89 percent and 85.62 percent accuracies on 
Devnagari and Kannada character databases 
respectively.  
Apte et. al.[1,5] proposed  wavelet-based  kernel 
recognition for handwritten marathi compound 
character and given to classifier. Wavelet transforms 
are used to obtain wavelet kernels. Accuracy obtained 
was 95.89 percent  (for 16*16 resize factor) and 96 
percent (for 32*32 resize factor). Sandhya  Arora,  et.  
al.[4,6] proposed  a method to recognize handwritten  
numerals and obtained 91.28 percent accuracy with 
MLP classifier.  
P.  Bhaskara Rao  et.  al.[7] proposed  Zernike 
moments as a feature extraction scheme for Telugu 
script.  Hamid Reza Boveiri et. al.[8] proposed a 
method for feature extraction  statistical moments 
seem to be so promising, whereas theoretical 
comparison of the moments is too complicated.  
Hanmandlu et.  al.  [9] proposed  recognition of  
handwritten Hindi numerals and characters by fuzzy 
technique and  obtained 92.67 percent  accuracy for 
handwritten Devnagari numerals and 90.65 percent  
accuracy for handwritten Devnagri  characters.  
Yogesh H. Dandawate et.al.[10] proposed a method 
to extract the shirorekha line for printed devanagri 
script. They used the morphological operation to 
extract the shirorekha from the devanagri word.  They 
proposed some  
morphological operations to locate and extract the 
Shirorekha.  
Yogesh Dandawate et. al.[11] proposed a method in 
which  the  handwritten characters are  scanned,  
preprocessed and on every individual characters 
wavelet transform is applied so as to get decomposed 
images of characters. The accuracy obtained is 
around 70 percent. Kumar  et al. [12] proposed a 
Zernike moment based  
feature extraction and applied artificial neural 
network classifier.   
U.Bhattacharya  et.  al.[13]  implemented two 
classifiers ANN and SVM for the classification. 
Accuracy for these  methods were  99.62 percent and 
98.24 percent respectively.  
N.sharma  et al.[14] proposed    feature    extraction 
scheme that is  directional chain code features 
quadratic classifier and obtained 80.36 percent  for 
Devanagri handwritten characters and 98.86 percent  
for devanagri handwritten numerals.  
Bikash Shaw et.  al.[15] proposed a Hidden Markov 
Model (HMM) for offline  Devanagri handwritten 
character  
recognition. They constructed continuous density 
HMM for each word. For test word,  conditional  
probability is calculated. The class having highest 
probability  is selected. Accuracy was 80.2 percent.  
Holambe  et al.[16] proposed a nearest-neighbor 
classifier for devanagri character  recognition. 

Gradient and curvatures based features  are  extracted 
and used for classification. Results were analyzed for  
different types of  
classifiers-Nearest  Neighbor,  K-Nearest  Neighbor 
and Euclidean distance Neighbor based Kohonen 
Neural Network. Maximum accuracy was 94.98 
percent.   
We proposed computation of array  based  feature 
extraction technique,  and these features are given to  
back propagation based neural networks for 
classification. It should classify appropriate character 
in one of 50 classes with higher resize factor to 
accommodate entire character.  
  
III.  PROPOSED METHODLOGY  
  
The  system proposed  is  designed to recognize 50 
simple devanagri characters.  Figure 4  shows  the  
block diagram of proposed methodology. The process 
includes data collection,  preprocessing, 
segmentation, array formation  and classification.  
The handwritten database  of 50  characters  is 
created and stored in 64*64  sizes, from various 10  
subjects. Characters are written using black 0.5 mm  
to 1.0 mm  lead pen. The dataset is created with style 
and shape variations as shown in figure 5&  7.  Also 
we have taken 10 handwritten sentences for testing.   
  

 
Fig 4.Block Diagram of Proposed methodology 

  
The first step is preprocessing, during the 
preprocessing phase images are filtered for salt and 
pepper noise present in scanned documents. This is 
followed by binarization of the image. The second 
step is segmentation in which exclusion of  
shirorekha line is done. Find the sum of all pixels in a 
row and perform this for all rows so as to get a 
column vector. The row containing maximum 
number belongs to ‘shirorekha’ line.  Delete that 
'shirorekha' line by replacing its pixels with 
background pixels.Bounding box is applied to the 
characters in which the character and kana, matra, 
velanti etc. are separated. The segmented image is 
bounded to a size of 64*64 pixels. These are writen 
as separate images, shown in figure 6 and 8. Images 
are resized to 35*35 pixels and further converted to 
an array of 1225 elements. This array is given as 
input to the neural network. Training matrix consist 
of 1225 rows and 10 columns for the 10 subjects of 
the first alphabet. Similarly for the rest of 50 
characters “swaras” and “vyanjanas” are trained.   
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Fig.5 Printed  Original Image 

  

 
Fig.6 Segmented image for printed characters. 

   

 
Fig. 7  Handwritten   Original Image. 

  

 
Fig. 8 Segmented image for Handwritten characters. 

  
 
IV. ARTIFICIAL NEURAL NETWORK  
 
Artificial neural network models the brain and 
nervous system. It processes information in parallel. 
There are various architectures of neural network out 
of which multilayer perceptron (MLP) is widely used. 
The MLP architecture consists of one hidden layer 
with 20 neurons in hidden layer. The algorithm which 
we have used for training is back propagation.  
     
1) Back Propagation Algorithm  
Following steps indicates the back propagation 
algorithm [17].  

a) Initialize the weights and biases with small 
random values.  

b) Present a continuous valued input vector X0, 
X1,....XN-1 and specify the desired outputs 
d0,d1,....dM-1.  

c) Compute actual outputs Y0,Y1,.....YM-1.  
d) Adapt weights:  Use a  recursive algorithm 

starting at the output nodes and working 
back to the first hidden layer.  

Adjust weights by,   

Where Wi,j(t) is the weight from hidden node  I  or 
from an input to node j at time t , xi ' is either the 
output of node i or is an input , η is a gain term and δ 

j is an error term for node j . If node j is an output 
node then   

   
Where dj  is the desired output of node  j and Yj  is 
the actual output.   

e) If node j is an internal hidden node then  

 
Where k is over all the nodes in the layers above node 
j.   
f) Internal node thresholds are adapted in a 
similar manner by assuming they are connection 
weights on links from auxiliary constant valued 
inputs (called as biases). Convergence is faster if a 
momentum term is added and weight changes are 
smoothed by 

Where 0<α <1  
Here  we have used  log  sigmoid functions at the 
output of each neuron. It is given by the following 
equation:  

  
If the mean square error (MSE) is not acceptable 
then, go back to step b[17].  
 
RESULTS  
  
We have implemented array based feature extraction 
technique and artificial neural network based back 
propogation algorithm for classification of 
handwritten devanagri characters.    
The handwritten devanagri character samples have 
been collected from 10 people. The scope is limited 
to 50 characters. It means total 500 characters have 
been considered.  We have taken 10 handwritten lines 
from different peoples and calculated the accuracy.   
  

TABLE I.  RECOGNITION RESULTS 

 
 
CONCLUSION AND FUTURE SCOPE  
  
Using the neural network we have achieved better 
accuracy than the traditional method.  The proposed 
system gives maximum accuracy for individual 
handwritten characters that is  92%  and the 
handwritten line recognition rate is 88.25%. This 
accuracy can be further improved  by increasing the 
database with more subjects and more styles of 
handwritten lines and   using different  classification 
methods like support vector machine.    
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