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Abstract— Handwritten character recognition in Indian 

script  is a challenging task specially Devanagari, for several 

reason like complex structure of character with their 

modifiers and present of compound character. Devanagari 

character recognition will prove beneficial to 18% of 

world‟s population. Devanagari character recognition is 

applicable to various application areas where the aim is 

automation and to reduce the human efforts for form filling, 

job application, bank cheque processing system and postal 

automation etc. Devanagari character recognition system 

can be used as a reading aid to blind and it also has 

application in forensic science. It can thus contribute 

immensely to the advancement of automation processes and 

can improve the interface between man and machine in 

many applications. Artificial Neural networks have good 

learning and generalization abilities which are necessary for 

dealing with imprecision in input patterns and perform 

satisfactorily in the presence of incomplete or noisy data. 

Artificial Neural Network is one of the most widely used 

and popular techniques for character recognition problem. 

This paper discusses the classification and recognition of 

handwritten Devanagari character recognition using 

Artificial Neural Networks in four stages - 1) Scanning, 2) 

Preprocessing, 3) Feature Extraction and, 4) Recognition. 

When a test character is given, appropriate neural network is 

invoked to recognize the character in that group, based on 

the features in that character. The accuracy of the network is 

analyzed by giving various test patterns to the system. The 

average accuracy of recognition of the system is 94.43%. 
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I. INTRODUCTION 

Devanagari 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 Devanagari as in English. Hindi is 

the world‟s third most commonly used language after 

Chinese and English. India is a multi-lingual and multi-

script country comprising of eighteen official languages. 

One of the defining aspects of Indian script is the repertoire 

of sounds it has to support. There is typically a letter for 

each of the phonemes in Indian languages because of which 

the alphabet set tends to be quite large. Most of the Indian 

languages originated from Bramhi script. These scripts are 

used for two distinct major linguistic groups, Indo-European 

languages in the north, and Dravidian languages in the 

south. Devanagari is the most popular script in India. It has 

13 vowels and 34 consonants. Sometimes two or more 

consonants can combine and take new shapes. These new 

shape clusters are known as compound characters. These 

types of characters namely basic characters, compound 

characters and modifiers are present not only in Devanagari 

but also in other scripts. Hindi, the national language of 

India, is written in the Devanagari script. Devanagari is also 

used for writing Marathi, Sanskrit and Nepali. Moreover, 

Hindi is the third most popular language in the world. All 

the characters have a horizontal line in the upper part, 

known as Shirorekha or headline. No English character has 

such a characteristic and so it can be taken as a 

distinguishable feature to extract English from these scripts 

[1].  

II. RELATED WORK 

Among the earlier pieces of work, some of the efforts on 

Devanagari character recognition are due to Sinha [1,7,8] 

and Mahabala [1]. Sinha and Mahabala [1] presented a 

syntactic pattern analysis system for the recognition of 

handwritten and machine printed Devnagari characters.First 

research report on handwritten Devanagari character was 

published in 1977 by Sethi and Chatterjee [5].Sethi and 

Chatterjee [5] also have done some earlier studies on 

Devanagari script and presented a Devanagari handprinted 

numeral recognition system based on binary decision tree 

classifier. They [6] also used a similar technique for 

constrained hand-printed Devanagari character recognition. 

They did not show results of scanning on real document 

pages.The first complete OCR system development of 

printed Devanagari is perhaps due to Palit and Chaudhuri [4] 

as well as Pal and Chaudhuri [3]. The method proposed by 

Pal and Chaudhuri gives about  96% accuracy. A survey for 

hand-written recognition of character is proposed [2]. A few 

of these work deals with handwritten characters of  

Devanagari. Some research work are available towards 

Devanagari numeral recognition [11] but to the best of our 

knowledge there are only two reports on Devanagari off-line 

handwritten character recognition[14,15] after the year 

1977. An excellent survey of the area is given in [15]. 

Devanagari is the script for Hindi which is official language 

of India. R.M.K. Sinha et. al. [1,7,8] have reported various 

feature extraction and recognition aspects of devanagari 

script. In his work N. Sharma et. al.[14] used 64 

dimensional feature vector and the features are obtained 

from the directional chain code information of the contour 

points of the characters.. K. Jaynathiet.al [16] used structure 

analysis for feature extraction. For recognition of 

handwritten Devanagari numerals, Ramakrishnan et al. [17] 

used independent component analysis technique for feature 

extraction from numeral images. Ramteke et al [18] 

proposed an isolated Marathi handwritten numeral scheme 

based on invariant moments. They employed a Gaussian 

Distribution Function for classification. Bajaj et al [11] 

employed three different kinds of features namely, density 

features, moment features and descriptive component 

features for classification of Devanagari Numerals. They 

proposed a multi-classifier connectionist architecture for 

increasing the recognition reliability. Kumar and Singh [13] 
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proposed a Zernike moment feature based approach for 

Devanagari handwritten character recognition. They used an 

artificial neural network for classification. In an attempt to 

develop a bilingual handwritten numeral recognition system, 

Lehal and Bhatt [19] used a set of global and local features 

derived from the right and left projection profiles of the 

numeral images for recognition of handwritten numerals of 

Devanagari and Roman scripts. Sethi and Chatterjee [6] 

proposed a decision tree based approach for recognition of 

constrained hand printed Devanagari characters using 

primitive features. R.Kapoor et al.[20] extracted nodal 

features from Devanagari characters. U. Pal and T. 

Wakabayashi [21] proposed a comparative study of different 

Devanagari character recognizers using features based on 

curvature and gradient information obtained from binary as 

well as gray-scale document images. S. Shelke and S. Apte 

[22] in their paper presented a novel approach for 

recognition of unconstrained handwritten Marathi 

characters. The recognition rate achieved from the proposed 

method is 95.40%.Sinha and Bansal [8] divided the typed 

word in three strips and separated it in top strip, core strip 

and bottom strip and achieved 93% performance on 

individual characters. Recognition of Devanagari text in 

Sanskrit manuscript ‟Saddharmapundarika‟ is achieved with 

an accuracy of 98.09% using structural features and neural 

networks for classification. Another significant contribution 

is due to Arora and Bhattacharjee in which they proposed a 

multi-feature extraction based technique thereby achieving 

92.8% accuracy .In Binary Wavelet transform is used for 

feature extraction of handwritten Devanagari characters. In a 

survey of different structural techniques used for feature 

extraction in OCR of different scripts is given. Recently 

Quadratic classifier based method is proposed with 81% 

accuracy. Fuzzy logic based approach for Roman script has 

been used to account for variability in handwritten script. 

While significant advances have been achieved in 

recognizing Roman-based scripts like English, ideographic 

characters (Chinese, Japanese, Korean, etc.) and Arabic to 

some extent. 

III. PROPOSED APPROACH 

 
Fig. 1: Devanagari Character Recognition System 

A. Image Acquisition 

In Image acquisition, the recognition system acquires a 

scanned image as an input image. The image should have a 

specific format such as jpeg, bmt etc. This image is acquired 

through a scanner, digital camera or any other suitable 

digital input device.  

B. Pre-Processing 

The scanned image is first converted into binary image 

containing „0‟ and „1‟ pixels only. Pre-processing 

techniques like thinning [9] , slant correction and smoothing 

are then applied. After performing these techniques, there 

would be extra „0‟s on all four sides of a character. To 

standardize the characters, extra rows and columns 

containing only zeros are removed from all four sides of the 

character. Depending on the Aspect Ratio (AR) of the 

character, categorization of characters is done. Aspect ratio 

is the ratio of height to width of the image. Irrespective of 

the size of a handwritten character, this aspect ratio is 

always found to be nearly constant for all samples. 

C. Segmentation 

The box type approach is used in segmentation [9]. The first 

stage in the recognition process usually involves „chopping‟ 

the strings into locally separate entities. This process is 

known as segmentation. In the proposed system, the pre-

processed input image is segmented into isolated characters 

by assigning a number to each character using a labelling 

process [10]. This labelling provides information about 

number of characters in the image. Each individual character 

is uniformly resized into Pixels. 

 
Fig. 2: Segmentation of numeral „3‟ using Box Method 

D. Feature Extraction 

The feature extraction is done using hybrid approach, which 

combines the ring and sector approaches [9,10]. The 

features consist of normalized vector distances and angles. 

The feature consist of vector distance from each box to a 

fixed point .This approach requires the spatial division of 

the character image. The major advantage of this approach 

stems from its robustness to small variations, ease of 

implementation and relatively high recognition rate 

[10].Each character image is divided into 24 boxes so that 

the portions of a character will be in some of these boxes. 

The choice of number of boxes is arrived by 

experimentation [9]. By considering the bottom left corner 

as the absolute origin (0,0), the vector distance for the kth 

pixel in the bth box at location (i,j) is computed 

Using formula  (1):     

d(k,b)= (i2
+j

2
)

1/2
                  (1) 

By dividing the sum of distances of all black pixels 

present in a box with their total number, a Normalized 

Vector Distance for each box is obtained. These vector 

distance constitute set of 24 feature vectors.                  

E. Classification and Recognition 

The classification stage is the decision making part of the 

recognition system. A feed forward back propagation neural 
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network is used in this work for classifying and recognizing 

the handwritten characters. The pixels derived from the 

resized character in the segmentation stage form the input to 

the classifier. The neural classifier consists of two hidden 

layers besides an input layer and an output layer. The total 

number of neurons in the output layer is designed to 

recognize devanagari characters. We selected Multilayer 

Perceptron (MLP) as the classifier. The classifier is trained 

with Standard Back propagation. It minimizes the sum of 

squared error for training sample. In the learning stage, the 

neural network is trained to learn a number of patterns (a 

path is a pair of inputs and desired outputs) with a specific 

error. The number of necessary patterns depends on the type 

and complexity of the problem. The inputs from the current 

pattern determine certain values for the outputs these output 

values are computed in the forward step of training).These 

calculated output values are compared with the desired 

output values .The difference of the two values (the 

calculated one and the desired one) is back propagated. In 

the back propagation stage of the training, are adjusted all 

the weights, according to the delta null. The MLP is a fully 

connected network, where every neuron in a layer is 

connected to each and every neuron in the next layer by a 

weighted link through which the state of the neuron is 

transmitted. It consists of an input layer, a hidden layer and 

an output layer. Such a network is shown in Figure 3. The 

feature vector is applied as the input signal to the neurons in 

the hidden layer from the input layer. It acts exactly as a 

weight on a connection from a unit whose activation is 

always one .Once the network weights and biases are 

initialized, the network is ready for training or learning. The 

hidden neurons enable the network to learn complex tasks 

by extracting progressively more meaningful features from 

the input vectors. A learning rule is a procedure for 

modifying weights and biases of a network. The purpose of 

the learning rule is to train the network to perform a pattern 

recognition task. During training the weights and biases of 

the network are iteratively adjusted to minimize error.                                        

IV. RESULTS AND FUTURE SCOPE 

Data of Devanagari Character will be collected in written 

form from 25 people (3 samples from each person)  in  age 

group of 15 to 50 years. For validating the recognition 

scheme, a database of totally unconstrained handwritten 

Character will be created using samples obtained from 

handwritten application forms. The Character will be written 

in varying writing styles, sizes and stroke widths. Every 

person has different style of handwriting. The Neural 

network is designed for 24 input layers 60 hidden layers and 

60 output layers. The neural network is trained for 1000 

epoch and 1500 samples  to obtain best performance. The 

algorithm used for training is Levenberg-Marquardt and the 

perfomance of neural network is measured in terms of MSE 

(mean square error). The following table shows the accuracy 

for corresponding character                                                        

The overall accuracy for handwritten devanagari 

character recognition for 1500 sample is 94.43%                               

cccrucca cecuccahu 

100% 1 

98% 2 

%96 3 

100% 4 

100% 5 

100% 6 

100% 7 

100% 8 

100% 9 

100% 11 

100% 11 

100% 12 

100% 13 

100% 14 

100% 15 

100% 16 

100% 17 

100% 18 

96% 19 

96% 21 

90% 21 

%92 22 

96% 23 

100% 24 

100% 25 

90% 26 

98% 27 

84% 28 

96% 29 

86% 30 

100 31 

88 32 

100 34 

92 35 

92 36 

88 37 

98 38 

88 39 

96 40 

96 41 

92 42 

98 43 

96 44 

100 45 

76 46 

100 47 

86 48 

80 49 

94 50 

100 51 

66 52 

92 53 

96 54 

94 55 

98 56 

86 57 

78 58 

92 59 

100 61 

Table 1: character vs accuracy for devanagari characters 
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