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Abstract— Character recognition plays an important role to 

provide a good scope to perform research in OCR. Handwritten 

Recognition is one of the most demanding research works in the 

area of image processing and pattern recognition in the recent 

years. In India, a large number of people use Devanagari Script 

to write important documents. The Optical Character 

Recognition of Handwritten Devanagari Script is improving day 

by day. Character recognition is the transformation of the 

scanned images of handwritten or printed texts into a machine-

readable text. Recognizing Handwritten Devanagari Characters 

is challenging task as compared to roman characters as these 

characters are written in different design and styles. A number 

of techniques have been used in the character recognition task of 

various Indian scripts like Sanskrit, Telugu, Bengali, Malayalam 

etc. The objective of this survey paper is to identify different 

feature extraction and classification techniques used in the 

recognition task. The paper is considered to serve as guide to the 

researches who are working in the direction of Character 

recognition. 
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I. INTRODUCTION 

  Handwritten character recognition is a field of pattern 

recognition whose motive is to recognize the characters that 

are handwritten and classify these patterns to particular class 

of characters. HCR is a method to convert any type of 

handwritten document into text format. It can be identified as 

online and offline character recognition. The further division 

of off-line Character recognition is machine printed and 

handwritten character. People have a different way of writing, 

and uniqueness in their writing. These are the problems that 

encourage researches to work in this direction. 

 

  Optical Character Recognition (OCR) is a method that takes 

an image as input scans it and transforms it into an editable 

form. There are various tools available in the market which 

can scan only printed documents and some of them can scan 

handwritten documents as well. But when it is concern with 

the precision of the system’s output most existing systems fail 

to provide enough accuracy as required.  

 

  In today’s world, there is a tremendous growth in the field 

of digitization. In government sectors and rural areas, there is 

a great need of such systems especially for converting the 

handwritten documents into editable format as a large number 

of people in India still use Devanagari Script to write 

important documents.  

 

The first work in the research of Devanagari Character 

recognition was tried in 1977. A number of researches started 

working in this direction since then and a lot of work can be 

seen. In our paper we deliver a survey on various techniques 

used by different researchers in the direction of the Optical 

Character Recognition. 

 

This paper is organized in four sections. Section I gives the 

introduction of this paper. Section II shows the basic 

properties of Devanagari Script. Section III gives a survey of 

different existing works on optical character recognition. 

Section IV gives the conclusion of the paper. 

 

II. PROPERTIES OF DEVANAGARI SCRIPT 

Devanagari Script is a very famous script in central and 

northern parts of India. ―Devanagari‖ is a compound word 

with two subparts: deva meaning ―deity‖ and nigari meaning 

―city‖.  

 

The script consists of 48 basic characters including vowels 

and consonants, wherein there are 12 vowels and 36 

consonants. The script is written in left to right fashion. There 

is nothing as higher and lower case in the Devanagari script.  

 

 

 
Fig 1: Vowels in Devanagari Script 
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Fig 2: Consonants in Devanagari Script 

 

 
 

Fig 3: Numerals in Devanagari Script 

 

  The unique feature of Devanagari script is the presence of 

a header line which is known as shirorekha. This header line 

is present on the top of each word and is used to connect 

characters or letters in the word. The end of shirorekha is 

considered to be last character of a word. The presence of this 

header line increases the complexity of recognition task as it 

increases the segmentation difficulty. 

 

A Devanagari script is divided into three zones: 

 Upper 

 Middle 

 Lower 

The upper zone is the portion above the headerline, the 

middle zone covers the portion between headerline and 

baseline, the lower zone is the portion below the baseline. 

 

 
Fig 4: Various zone portioning in Devanagari Script 

  

III. LITERATURE SURVEY 

 Older Indian OCRs used a template based and feature-based 

approach for character recognition. In the template-based 

approach, each unknown letter or pattern is matched with a 

standard template pattern of a character and the amount of 

similarity between the two patterns is used to decide which 

letter it is. Results of the early OCRs were further improved 

by making use of feature-based approaches along with the 

traditional template-based approach [16,17]. Feature-based 

approaches identify unique characteristics of patterns or 

letters and use them for classification. A template-based 

approach along with a feature-based approach has been used 

in various Indic OCRs for scripts such as Devanagari, Bangla, 

Telugu etc. [16,17]. 

  OCR techniques make use of different machine learning 

algorithms for classification of characters in past few years. 

Some papers use an artificial neural network approach to 

recognize letters by taking as input segmented images of 

letters and applying them into the classifier model[8,18]. 

Some make use of support vector machines to classify 

characters [19,20]. The advantages of [8,18,19,20] over 

traditional Indic OCR systems is that they identify unique 

characteristics in patterns without any explicit derivation of 

features.  

 

Meduri Avadesh et al [1] focused on optical character 

recognition of printed Sanskrit Script using Convolutional 

Neural Networks. The paper aims at reading the Sanskrit 

Script from ancient documents which are degraded or not in 

good condition which makes them difficult to read. The paper 

explains the significance of convnets over traditional machine 

learning algorithms for recognizing the characters. The paper 

also states that improved results are obtained when convnets 

are used as compared to SVM and ANN.  

 

Bappaditya Chakraborty et al [2] have studied recognition 

of handwritten Devanagari characters using deep neural 

networks. In this study, they have implemented convolutional 

neural network (CNN) architectures of five different depths. 

They also implemented additional neural architectures by 

adding two Bidirectional Long Short Term Memory 

(BLSTM) layers between the convolutional stack and the 

fully connected part of each of these five CNN networks. The 

recognition accuracy obtained in the best case improves 

significantly the existing state-of-the-art of this handwriting 

recognition problem. Also, they have trained a BLSTM 

network alone using the Histogram of Oriented Gradient 

(HOG) features. 

 

Pahuni Saharan et al [3] have presented a system 

developed for recognition of handwritten Devanagari 

characters using Neural Network Toolbox of Matlab. The 

main focus of this paper is on Hindi Characters. A small set 

of characters are trained and then recognized. These 

characters are analyzed repeatedly to check for improvement 

in results with subsequent recognition and training. 

 

Satish Kumar et al. [4] in (2016) have used multi-layer 

perceptron (MLP) network for handwritten Devanagari OCR. 

The decision about whether a character/matra has a place 

with lower, upper or center area is made based on their area 

in a word picture. This decision is made during division 

process. A different classifier is used matras having a place 

with the upper and lower locale. The characters of center area 

are recognized in three phases. For center region character 

classification, every individual character is passed to a three 

phase classifier to know the correct class of character. For 

upper area and lower area characters, just single stage 

classifier has been trained. 
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Mahesh Jangid etal. [5] in (2016) have proposed an HCR for 

the recognition of handwritten similar shape characters. In 

this paper they reported an algorithm to estimate the same 

type of character pairs in Devanagari script. There is some 

kind of confusion at the classifier stage because same shape 

characters may appear to be same to the classifier even 

though they have some small amount of differences. To deal 

with this problem they came up with the idea of critical region. 

This critical region is the region of minor difference in similar 

shape characters. The critical region is used to get more features 

before classification. The critical region is estimated by Fisher 

discrimination function and a masking technique is used to find 

the features. 

 

 

 
 

TABLE 1: COMPARATIVE STUDY OF PAPERS 

There are some Indic OCRs which are  based on deep 

learning algorithms. Sankaran et al [6] makes use of 

Bidirectional Long Short-Term Memory Networks 

 (BLSTMs) to recognize text in an image. This OCR system 

works by recognizing text at word level by recording earlier 

and further context of a word. Hence BLSTM OCRs can 

directly digitize images without any prior letter detection and 

image segmentation. 

Gaurav Jaiswal et al [7] proposes handwritten Devanagari 

character recognition model using neural networks. 

Handwritings of different writers are used to train and test the 

classifier model. This model begins by preprocessing and 

then feature extraction is carried out. Based on features that 

are extracted it classifies the characters.  

 

  Dinesh Kumar et al [8] presents Sanskrit OCR which makes 

use of a feed forward neural network model to classify the  

characters. The problem with this Sanskrit OCR is its 

 

sensitivity to image quality, font size and font style which is 

mainly because of its simple ANN architecture.  

 

  Sudan Prajapati et al [9] estimate the performance of Nepali 

Script OCR using Tesseract and Artificial Neural Networks. 

In their research they used a dataset of 69 Nepali fonts with 
Name of the paper Input Pattern Technique used Future scope 

Optical Character 
Recognition for Sanskrit 

using convolutional neural 

networks  

Printed Sanskrit 
Character from old 

books 

Convolutional neural 
networks(keras using 

tensorflow) 

Can be further used for letter segmentation and identification. R-
CNN can be used. 

Does Deeper Network 
Lead to Better Accuracy: 

A Case Study on 

Handwritten Devanagari 
Characters 

Handwritten 
Character 

Convolutional neural networks 
and BLSTM 

 
 

 

 
 

 

Handwritten Devanagari 

character recognition 

system using neural 

network 

Handwritten 

Character 

Multilayer feed                                

forward neural networks, 

matlabs sim function                                              

Characters with matras can be included and noisy or hazy written 

characters can be identified. 

A study for handwritten 

Devanagari word 

recognition. 

Handwritten 

Character 

Multi-Layer aperceptron(MLP)  

Enhancement of 
Devanagari Character 

Recognition by Gray level 

Normalization. 

Handwritten 
Character 

Support Vector Machine 
(SVM) 

Any other machine learning algorithm can be used to find which 
gives better results. 

Recognition of printed 

devanagari text using 

BLSTM neural network 

Printed Character Bidirectional long short-term 

memory neural network (it is a 

variant of recurrent neural 
network). 

Different features of BLSTM network can be evaluated. 

Handwritten Devanagari 
Character Recognition 

Model Using Neural 

Network‖ 2014 
 

Handwritten 
Character 

Neural networks,zone and 
count metric based feature 

extraction algorithm. 

More characters can be included 

Sanskrit Character 

Recognition System using 
Neural Network‖ January 

2015. 

Handwritten 

Character 

Artificial neural networks, feed 

forward neural networks,BPNN 
algorithm(for training). 

Characters of some other language can be dealt with, text to audio 

conversion can be performed. 

Evaluating Performance of 

Nepali Script OCR using 

Tesseract and Artificial 
Neural Network 

Printed Nepali 

Character 

Tesseract and Artificial Neural 

Network 

Handwritten Nepali Characters can be worked on. 

Development of intelligent 

optical character 

recognition system for 
Devanagari script (April 

2016) 

Handwritten 

Character 

Neural networks, Otsu’s 

binarization process, kohonen 

algorithm 
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the 2,484 character samples. Tesseract and ANN involve 

different styles of learning and recognizing character and 

words. They  also worked with a large number of font styles 

as compared to previous research. The observation of their 

research showed that ANN is more accurate than the 

Tesseract.  

 

  Abhishek Sutar et al [10] explains about the development of 

Optical Handwritten Character Recognition for Devanagari 

script, the techniques & algorithms which are designed for 

recognizing the Devanagari script. Further the paper focuses 

on the key principles of the system such as text analysis and 

segmentation, matrix matching and recognition of single and 

compound characters. To keep up accuracy in recognizing the 

characters, the system uses some neural network algorithms. 

The accuracy depends entirely on the user handwriting styles. 

The system uses neural networks algorithm (kohonen 

algorithm) for the recognition process. 

 

IV. CONCLUSIONS 

   In this review paper we present a detailed study 

on various works in Handwritten Devanagari 

Character Recognition. We have designed a review 

on works based on character recognition and 

compared the different techniques used on different 

OCR models. The comparison is shown  in table 1. 

The suvey concludes that deep learning networks 

provide better results as compared to the traditional 

character recognition methods. Convolutional 

neural networks are seen to be more efficient in this 

task. Also CNN provide better results on soiled and 

noisy documents which are degraded. Convnets are 

better compared to SVM and ANN for multiclass 

image classification problems. 
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