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Abstract - Handwritten recognition has been one of the active and challenging research areas in the field of image 
processing. The paper mainly focuses to recognize handwritten Devnagari (Marathi or Sanskrit) word using a dictionary 
based approach. However, most of the current work in these areas is limited to English and a few oriental languages. The 
lack of efficient solutions for Indian scripts and languages such as Sanskrit has hampered information extraction from a large 
body of documents of cultural and historical importance. In this, Otsu method is used for binarisation.Curvelet transform 
based approach is used as the representation technique of word image. Genetic algorithm is chosen for the optimization and 
classification step. 
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I. INTRODUCTION 
 
Handwritten character recognition (HCR) is a part of 
offline character recognition. Handwritten characters 
have infinite variety of style from one person to 
another person. Due to this wide range of variability, 
it is difficult to recognize by a machine. Although the 
research in Optical Character Recognition (OCR) has 
been going on for last few decades, the goal of this 
area is still out of reach. Most of the researchers have 
tried to solve the problems based on the image 
processing and pattern recognition techniques [1]. 
 
OCR (Optical Character Recognition) is an active 
field of research in Pattern Recognition. OCR 
methodologies can be classified based on two criteria; 
data acquisition process which can be on-line or off-
line and type of the text which is printed text or hand-
written text [16] Devanagari is the most admired 
Indian script, used by more than 500 million people, 
which forms the basis for several Indian languages 
including Hindi, Sanskrit, Kashmiri, Marathi and so 
on. English character recognition is extensively 
studied by many researchers and various commercial 
systems are available for it. But in case of Indian 
languages, the research work is very limited due to 
the complex structure of the language. This paper 
describes different steps in the recognition process. 
Normally, HCR can be divided into three steps 
namely pre-processing, feature extraction, 
segmentation and classification. Pre-processing stage 
is to produce a clean character image, it is can be 
used directly and  efficiently by the feature extraction 
stage. Feature extraction stage is to remove 
redundancy from data. Segmentation stage is to 
increase the efficiency for next stage. A classification 
stage gives recognize characters or words. 
 
To recognise handwritten documents, either online or 
offline, the character recognition is much affected by 
style variations of handwriting by different writers 

and even different styles of same writer on different 
times. Distortion and noise incorporated while 
digitization is also a major issue in character 
recognition that affects the recognition accuracy 
negatively[4]. This system try to solve these problems 
by using efficient feature extraction technique and 
classifier as a genetic algorithm. 
 
II. LITERATURE SURVEY 
 
Studies have been carried on recognition of different 
characters. The most advanced and efficient OCR 
systems are designed for English, Chinese and 
Japanese like scripts and languages. In context to 
Indian languages and scripts, recently a significant 
research work is proposed. Most of Indian work on 
character recognition is dominated by Devanagari 
script, which is used in writing of Hindi, Marathi, and 
Nepali and Sanskrit languages. The work is also 
performed on compound word for recognition and 
classification purpose by extracting different features. 
Different classifiers also used in comparison to 
increase the accuracy rate of recognition.   
 
The first research work report on handwritten 
Devanagari characters was published in 1755 [5]. For 
Indian languages most of research work is performed 
on firstly on Devanagari script and secondly on 
Bangla script. U. Pal and B.B. Chaudhury [4] 
presented a survey on Indian Script Character 
Recognition. 
 
Namita Dwivedi have described recognition of 
Sanskrit word using Prewitt’s operator for extracting 
the features from an image thinning process is applied 
in pre processing  technique Thinning is an important 
pre-processing step in OCR. The purpose of thinning 
is to delete redundant information and at the same 
time retain the characteristic features of the image. 
Freeman Chain code is one of the representation 
techniques that is useful for image processing, shape 
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analysis and pattern recognition fields is used with 
heuristic approach for feature extraction. Genetic 
algorithm is used for non linear segmentation of 
multiple characters. This recognition model was built 
from SVM classifiers for higher level classification 
accuracy [1]. 
 
Sandhya Arora et al. [2] used intersection, shadow 
features, chain code histogram and straight line fitting 
features and weighted majority voting technique for 
combining the classification decision obtained from 
different Multi Layer Perceptron (MLP) based 
classifier. They obtained 72.60% accuracy results for 
handwritten Devanagari recognition. They also used 
chain code histogram and moment based features in 
to recognize handwritten Devanagari characters. 
Chain code was generated by detecting the direction 
of the next in-line pixel in the scaled contour image. 
[3] 
U. Pal, Wakabayashi and Kimura also presented 
comparative study of Devanagari handwritten 
character recognition using different features and 
classifiers [5]. They used four sets of features based 
on curvature and gradient information obtained from 
binary as well as gray scale images and compared 
results using 10 different classifiers as concluded the 
best results 74.74% and 75.17% for features extracted 
from binary and gray image respectively obtained 
with Mirror Image Learning (MIL) classifier. They 
also concluded curvature features to use for better 
results than gradient features for most of classifiers. 
A later review of research on Devanagari character 
recognition is also presented by Vikas Dungre et al. 
[6]. They have reviewed the techniques available for 
character recognition. They have introduced image 
pre-processing techniques for thresholding, skew 
detection and correction, size normalization and 
thinning which are used in character recognition. 
They have also reviewed the feature extraction using 
Global transformation and series expansion like 
Fourier transform, Gabor transform, wavelets, 
moments .   Prachi Mukherji and Priti Rege [7] used 
shape features and fuzzy logic to recognize offline 
Devanagari character recognition. They segmented 
the thinned character into strokes using structural 
features like endpoint, cross-point, junction points, 
and thinning. They classified the segmented shapes or 
strokes as left curve, right curve, horizontal stroke, 
vertical stroke, slanted lines etc. They used tree and 
fuzzy classifiers and obtained average 64.4% 
accuracy. 
Giorgos Vamvakas et al. [8], [9] have described the 
statistical and structural features they have used in 
their approach of Greek handwritten character 
recognition. The statistical features they have used 
are zoning, projections and profiling, and crossings 
and distances. Further through zoning they derived 
local features like density and direction features. In 
direction features they used directional histograms of 
contour and skeleton images. In addition to normal 

profile features they described in- and out- profiles of 
contour of images. The structural features they have 
depicted are end point, crossing point, loop, 
horizontal and vertical projection histograms, radial 
histogram, radial out-in and in-out histogram. 
 
Sarbajit Pal et al. [10] have described projection 
based statistical approach for handwritten character 
recognition. They proposed four sided projections of 
characters and projections were smoothed by polygon 
approximation. 
Wang Jin et al. [11] evolved a series of recognition 
systems by using the virtual reconfigurable 
architecture-based evolvable hardware. To improve 
the recognition accuracy of the proposed systems, a 
statistical pattern recognition-inspired methodology 
was introduced.  
Nikita Gaur* and Dayashankar Singh et al.[12] have 
described gradient feature extraction approach for 
recognition of Sanskrit word they have used sobel 
operator for edge detection The Sobel operator is 
used in image processing, particularly with edge 
detection algorithms. Technically, it is a discrete 
differentiation operator, computing an approximation 
of the gradient of the image intensity function. The 
skeletonized and normalized binary pixels of English 
characters were used as the inputs of the MLP 
network. The results of structure analysis show that if 
the number of hidden nodes increases the number of 
epoches taken to recognize the handwritten character 
is also increases. A lot of efforts have been made to 
get higher accuracy as 94%. 
 
Brijmohan Singh, Ankush Mittal, M.A. Ansari, 
Debashis Ghosh et al.[13] have described a holistic 
system of offline handwritten Devanagari word 
recognition. In this paper, they proposed a Curvelet 
feature extractor with SVM and k-NN classifiers 
based scheme for the recognition of handwritten 
Devanagari words. The Support Vector Machine 
(SVM) and k-NN classifiers were used with one-
against-rest class model. Results of Curvelet feature 
extractor with SVM and k-NN classifiers have shown 
that Curvelet with k-NN gave overall better results 
than the SVM classifier with accuracy rate 93.21%. 
Vedgupt Saraf, D.S. Rao et  al.[14] have proposed a 
genetic algorithm scheme towards the recognition of 
off-line Devnagari handwritten characters. They 
tested their proposed system on different individuals’ 
samples and obtained 98.78% recognition accuracy.. 
 
III. CLASSIFICATION AND RECOGNITION 
OF WORD 
 
The general steps of classification and recognition 
include preprocessing, feature extraction, 
classification and so on. The preprocessing 
technology consists of smoothing and binerization. 
The feature extracted is curve of character that gives 
the shape of character. In classification step, genetic 
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algorithm is going to used for the classification and 
optimization purpose. 
3.1 Image pre-processing: 
In pre-processing scanned document is converted to 
binary image and various other techniques to remove 
noise, to make it ready and appropriate before feature 
extraction and further computations for recognition 
are applied. These techniques include segmentation to 
isolated individual characters, skeletonization, 
contour making, normalization, filtration etc. Which 
types of pre-processing techniques will suite; it 
highly depends on our requirements and also is 
influenced by mechanism adopted in later steps. 
Some of the pre-processing techniques are listed and 
discussed briefly in following sections 
3.1.1 Smoothing & Binarization 
In the off-line OCR, handwritten image to be 
recognized is captured by a sensor, for example, a 
scanner or a camera. Pre-processing of grayscale 
source image is essential for the elimination of noisy 
areas, smoothing of background texture as well as 
contrast enhancement between background and text 
areas. For smoothing, the input gray level image is 
first filtered by the Wiener filter and then binarized 
by the Otsu’s method [13]. Generally filters are used 
to filter unwanted things or object in a spatial domain 
or surface. In digital image processing, mostly the 
images are affected by various noises. The main 
objectives of the filters are to improve the quality of 
image by enhancing is to improve interoperability of 
the information present in the images for human 
visual. Different types of filters used for the 
smoothing purpose such as Median Filter, Wiener 
Filter, Average Filter, Laplacian Filter, and Canny 
Filter. In which Wiener filtering is optimal in terms of 
the mean square error. In other words, it minimizes 
the overall mean square error in the process of 
inverse filtering it is very sensitive to additive 
noise.The Wiener filtering is a linear estimation of 
the original image [17]. 
Renovation of a gray-scale image into a binary image 
is called as binarization or thresholding. There are 
two approaches for conversion of gray level image to 
binary form; i.e. global threshold and local or 
adaptive threshold. Global threshold selects single 
threshold value based on estimation of the 
background level from the intensity histogram of the 
image. Local or adaptive threshold uses different 
values for each pixel according to the local area 
information. The purpose of binarization is to identify 
the extent of objects and also to concentrate on the 
shape analysis [18].Different methods are used for 
thresholding such as Otsu method. This technique is 
most commonly employed for determining the 
threshold involves analyzing the histogram of gray 
scale levels in the digitized image. 
 
3.2 Feature Extraction 
After pre-processing the images, features relevant to 
the classification are extracted from the smoothed 

images. The extracted features are organized in a 
database, which is the input for the recognition phase 
of the classifier. Feature extraction is a very 
important in recognition system because it is used by 
the classifier to classify the data. In [1],Freeman 
Chain code techniques is used for the character 
representation Chain code is one of the representation 
techniques that is useful for image processing, shape 
analysis and pattern recognition fields. Chain code 
representation gives the boundary of character image 
in which the codes represent the direction of where is 
the location of the next pixel.. 
 
3.3 Classification 
The Extracted features are given as the input to the 
Classification process. There are some approaches are 
used for classify the character features in the existing 
systems such as K- Nearest Neighbour approach, 
Neural network, SVM classifier and so on.In[1] SVM 
is used for classification of devnagari Sanskrit 
character.In [19]shows comparison between SVM 
and NN for classification of devnagari Marathi 
character recognition with accuracy 99.62,91.08 resp. 
In [18] Neural Network classifier is used for 
classification of devnagari character with accuracy 
91.02%. A GAs is an optimization and search method 
utilized in computer science to find fairly accurate 
solutions to problems here Genetic algorithm is 
supposed to use for the classification and 
optimization purpose to recognize word image. 
 
A GAs is an optimization and search method utilized 
in computer science to find fairly accurate solutions 
to problems. It is inspired by processes in biological 
evolution such as natural selection, inheritance, 
recombination, and mutation. GAs is generally 
realized in a computer model, in which a population 
of runner solutions to an optimization problem 
progress to better solutions. The evolution starts from 
a population of completely random Individuals and 
occurs in generations. In each generation, the fitness 
of the entire population is evaluated, and multiple 
individuals are selected from the present population 
based on their fitness. These are modified, mutated, 
or recombined to make a new population, which 
becomes present in the next iteration of the algorithm. 
Usually, the solutions are represented in strings of 0s 
and 1s.GA performs following functions to find out 
the optimized solution. 
 
Population:-A population consists of n individuals 
where N is chosen by the designer of the GAs. Every 
individual has a chromosome which consists of L 
genes. The chromosome is often referred to as the 
genotype of an individual. 
 
Initialization:-Initialize the genes of all individuals 
randomly with 0's and 1's(assuming a binary 
encoding for simplicity). These individuals are the 
starting points in the search space. 
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Evaluation:-Calculate the fitness of each individual 
by decoding each chromosome and applying the 
fitness function to each decode individuals. The 
decoding creates a phenotype based on a genotype. 
Selection:-Select a specific individuals from the 
population to be the parents that will used to create 
new individuals there is many methods are used to 
choose those parents the most popular is the roulette 
wheel selection (RWS) which select the individuals 
with higher fitness with a higher probability  
Recombination:-Individuals from the set selected-
parents are mated at random and each pair created 
offspring using 1-point crossover or 2-point 
crossover. 
 
Mutation:-Mutation is a random change of one or 
more genes. Every chromosome is simply scanned 
gene by gene and with a mutation rate Pm a gene is 

changed/swapped, i.e. 0 1 and 1 0 the probability for 
a mutation is usually kept small. 
 
Stop Criterion 
A simple and easy to implement stopping criterion is 
to stop the simple GAs if no improvement of the best 
solution has been made for a (large) predefined 
number of generations. 
 
IV. PERFORMANCE ANALYSIS OF 
CLASSIFICATION, RECOGNITION OF 
CHARACTER 
 
Following table shows the features extracted, 
methods used for pre-processing, feature extraction, 
various classifiers used for classification and the 
accuracy rate of classification and recognition. 
 

 

 
 

Table 1: Performance Analysis 
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CONCLUSION 
 
Different methods and techniques which were 
provided by various authors for classification and 
recognition of character are included. Different 
methodologies were proposed, various features were 
extracted earlier for the classification and recognition 
of various different characters with the help of image 
processing. The accuracy of classification varies 
differently for different classifiers .The accuracy also 
varies for different set of features but using same 
classifier. For better classification and grading two or 
more features can be extracted. 
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