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Abstract— The script ‘Devanagari’ is used in many Indian 

languages. Recognition of handwritten characters of 

Devanagari character set is an important and complex area of 

research. The work done for the recognition of Devanagari 

handwritten script is very small in books (even though there 

is the existence of) it is being used by millions people in India 

and abroad and it has numerous applications. The feature 

extraction method(s) used to recognize hand-written 

characters play an important role in many applications. In this 

paper, we will discuss various feature extraction method 

techniques used by the researchers and scholars in optical 

character recognition process. After reading this we will able 

to understand what is feature extraction, steps involve in 

recognition process and how to use and modify existing 

techniques to improve recognition rate, accuracy and overall 

performance.           
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I. INTRODUCTION 

In India, around 300 lakhs individuals use Devanagari script 

for documentation. There has been a critical change in the 

exploration identified with the recognition of printed and in 

addition handwritten Devanagari content in the previous 

couple of years. Cutting edge from 1970s of machine printed 

and handwritten Devanagari optical character recognition 

(OCR) is examined in this writing study. All feature 

extraction techniques and in addition pre-processing, 

classification and matching methods helpful for the 

recognition. 

Optical character recognition system (OCR) permits 

us to change over a record into electronic content, which we 

can alter and search and so on. It is performed offline after 

the writing or printing has been finished, instead of on-line 

recognition where the PC perceives the characters as they are 

composed. For these frameworks to adequately perceive 

hand-printed or machine printed shapes, singular characters 

must very much isolated. This is the motivation behind why 

most regular managerial structures oblige individuals to enter 

information into perfectly divided boxes and drive spaces 

between letters entered on a structure. Without the utilization 

of these boxes, routine advancements reject fields if 

individuals don't take after the structure when rounding out 

structures, bringing about a noteworthy overhead in the 

organization cost. 

 
Table 1: Consonant, Vowels & Modifiers in Devanagri 

script 

Recognition of handwritten characters has been a 

popular zone of exploration for a long time and still remains 

an open issue. It has an adaptable scope of utilization space, 

including postal mechanization, bank check processing, 

computerizing of preparing of huge volumes of information, 

dialect based learning, ledgering inventory for library and 

perusing help for visually impaired. 

II. RELATED WORK 

U. Buddy, T. Wakabayashi, F. Kimura, “Comparative Study 

of Devanagari Handwritten Character Recognition using 

Different Feature and Classifiers [51]". Comparative study of 

Devanagari handwritten character recognition utilizing 

twelve different classifiers and four sets of feature is 

presented.  

Saniya Ansari, Udaysingh Sutar "Devanagari 

Handwritten Character Recognition using Hybrid Features 

Extraction and Feed Forward Neural Network Classifier 

(FFNN)[53]" tells that there are diverse methods as of now 

presented by different writers for proficient and exact 

recognition of handwritten characters. 

Now ,in this paper ,we  discussed how OCR works 

in section 2, then we explained various stage involved in OCR 

such as preprocessing of image in section 3, then feature 

extraction  methods will  discussed in section  4, after that the 

classification of feautures will be done using different 

classifiers in section 5, then post processing will be done in 

section 6, and in the last section 7 we will discussed the 

research issues and future scope to improve recognition  rate 

and accuracy. 

A. OCR (Optical Character Recognition) 

OCR is an instrument to change over machine printed or 

handwritten record into editable substance game plan. This 

field is completely apportioned into two segments, Online 

and logged off character recognition. Disengaged from the 

Character recognition further secluded into two segments, 

machine printed and handwritten character recognition. In 

translated Character Recognition, there are piles of issues 

when appeared differently in relation to machine printed 

record in light of the fact that various social orders have 

particular classification styles, the compass of pen-tip and a 

couple of people have skewness in their composed work. This 

challenges make the asks going to deal with the issues. 
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Fig. 1: OCR system for handwritten character recognition 

Two types of OCR system: 

1) Online Character Recognition 

Online HCR includes the utilization of pen based data gadgets 

to catch the classification of co-ordinate focuses as the 

character is composed. This gives data of the number, request 

and bearing and composing pace of strokes. Here a stroke is 

characterized as the hint of the pen-tip Optical caught from a 

pen-down occasion till the accompanying pen-lift occasion. 

2) Offline Character Recognition 

Offline recognition alludes to a procedure of recognition 

performed later than handwriting catch. The handwritten 

written information is ordinarily displayed as pictures to the 

offline framework, which apply picture processing based 

ways to deal with recoup printed data. 

III. 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,TIFF etc. This image is 

acquired through a scanner, digital camera or any other 

suitable digital input device. In offline handwritten character 

recognition system, characters are handwritten from different 

writers in different writing styles. In literature survey, a lot of 

research has been done in recognizing handwritten characters 

in many languages like Chinese, Arabic, Devanagari, Urdu 

and English. 

A. Preprocessing 

The pictures are digitized into dark scale tone. The histogram 

of dark estimations of pixels show genuine unmistakable 

crests. Centre dim quality situated between tops is great 

decision for edge. Further salt and pepper clamour can be 

uprooted utilizing middle channel. Middle Filtering give 

astounding commotion lessening capacities, with considering 

less obscuring than linear smoothing channel. 

The pre-processing stage takes a crude picture then 

after operations are connected on 

1) Binarization:  

A handwritten archive is initially examined and is changed 

over into a dim scale picture. Binarization is a procedure by 

which the dim scale pictures are changed over to paired 

pictures. In any picture examination or improvement issue, it 

is extremely vital to recognize the objects of enthusiasm from 

the rest. In an archive picture this for the most part includes 

isolating the pixels framing the handwritten content or 

outlines (forefront) from the pixels speaking to the clear paper 

(foundation). The objective is to uproot just the foundation, 

by setting it to white, and leave the closer view picture 

unaltered. Therefore, binarization isolates the closer view and 

foundation data. This partition of content from foundation is 

an essential to resulting operations, for example, division and 

marking. The most well-known system for binarization is to 

choose an appropriate power edge for the picture and after 

that change over all the force values over the edge to one force 

esteem, and to change over all force values underneath the 

limit to the next picked force. 

2) Noise Reduction:  

It join detached pixels, to uproot confined pixel, smooth pixel 

limit. It connect unconnected pixels, to remove isolated pixel, 

smooth pixel boundary. Scanned documents often contain 

noise that arises due to printer, scanner, print quality, age of 

the document, etc. Therefore, it is necessary to filter this noise 

before we process the image. Commonly used approach is to 

process the image through a low-pass filter and use it for later 

processing. The objective in the design of a noise- filter is that 

it should remove as much of the noise as possible while 

retaining the entire signal. 

3) Normalization:  

The character fragment picture is standardized into M×N 

network.  

4) Thresholding:  

Raw image either colour or grey is converted into binary 

image from (0-1).  

5) Skew Detection and Correction:  

When a document is fed to the scanner either mechanically or 

by a human operator, a few degrees of tilt (skew) is 

unavoidable. Skew angle is the angle that the lines of text in 

the digital image make with the horizontal direction. A 

number of methods have previously been proposed for 

identifying document image skew angles. Mainly, they can 

be categorized into the following groups:- 

1) methods based on projection profile analysis, 

2) methods based on nearest- neighbor clustering, 

3) methods based on Hough transform ,  

4) methods based on cross-correlation, and  

5) methods based on morphological transforms.  

6) Thinning:  

Thinning, or, skeletonization is a process by which a one-

pixel-width representation (or the skeleton) of an object is 

obtained, by preserving the connectedness of the object and 

its end points. The purpose of thinning is to reduce the image 

components to their essential information so that further 

analysis and recognition are facilitated. For instance, an 

alphabet can be handwritten with different pens giving 

different stroke thicknesses, but the information presented is 

the same. 

              
Fig. 2(a): Before Thining   Fig. 2(b): After Thining 
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7) Segmentation: 

Segmentation is one of the most important phases of OCR 

system. By applying good segmentation techniques we can 

increase the performance of OCR[9].  

a) Line, Word, Character segmentation 

Once the document image is binarized and skew Corrected, 

actual text content must be extracted. Commonly used 

segmentation algorithms in document image analysis are: 

Connected component labeling, X-Y tree decomposition, 

Run-length smearing, and HoughTransform. 

 
Fig 3.  Segmentation of Devanagri word 

IV. FEATURE EXTRACTION 

There is no excising everywhere accepted set of feature 

vectors in document image understanding. Features that 

capture topological and geometrical shape information are the 

most desired ones. Features that act of being taken from the 

spatial distribution of the black (text) pixels are also very 

important. 

Feature extraction ways of reaching goals are testeded taking 

into account:  

1) Strength against noise and craziness, contortion, 

measure, and style/textual style variety. 

2) Speed of recognition. 

3) Many-sided quality of execution and 

4) how self-ruling the list of abilities is without ordering any 

additional systems. 

A. Zoning Feature 

Zoning is a well-known technique utilized as a part of 

character recognition task [17]. In this success plan for 

reaching goals, the character pictures are separated into zones 

of predefined sizes and after that features are figured out for 

each of these zones. Zoning buys and owns neighborhood 

characteristics of an image. Here, separated the pr e-

processed character image into 16 zones (4 × 4) as in and 

afterward pixel density features were processed for each of 

the zones. The normal pixel density was figured by( 

separating far from others )the amount of closer view pixels 

by the dividing number of foreground pixels in every zone i. 

As a result we have obtained 16 density features which are 

used as input to the classifier. 

 
Fig. 4: 4*4 zoning Formula: 

d (i)  =    
  No.  of foreground pixel in zone i

   Total no.of pixels in zone i
 

As a result, we have owned 16 thickness features 

which are used as data to the classifier. 

B. Shadow Feature 

Shadows features are processed by when one think about the 

lengths of projections of the digit pictures, as appeared in Fig 

5(a) on the four sides and eight octant separating far from 

other sides of the unimportant edge boxes encasing the same. 

Considering the lengths of projections on three sides of each 

such octant, 24 shadow features are removed from every digit 

picture, which is separated into eight octants inside the 

unimportant box. Every guess of the shadow feature so 

processed is to be done by separating it with the most extreme 

possible length of the projections on the particular side. 

 
Fig. 5(a): An illustration of the 24 shadow feature 

C. Projection Profile 

Projection profile is a collection of dark pixels along lines or 

sections of a picture. The separating force of even and up and 

down projection profiles make them well good for the 

recognition of an unpredictable language like Malayalam. 

Projection profiles have been effectively connected for 

Malayalam character recognition [17]. Got out of both up and 

down i.e vertical and flat or horizontal projection profiles by 

counting the pixels section intelligent and line shrewd 

separately which together structures a 512 measurement 

feature vector. Since, the measure of the feature vector is too 

huge, we have connected Principal Component Analysis 

(PCA) to lessen the interesting quality of the list of abilities. 

PCA is a procedure that lessens the interesting quality of the 

information while holding however much varieties as could 

in a smart way be expected in the first dataset. Using PCA, 

we have lessened the measurement of the feature vector from 

512 to 260. 
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Fig. 6: (a) horizontal projection profile 

 
Fig. 6: (b) vertical projection profile 

Fig. 6: Horizontal and vertical projection profile 

D. Histogram of Oriented Gradients 

Histograms of Oriented Gradients are feature descriptors that 

are calculated by counting the events of gradient orientations 

in localized parts of an image. For figuring out these features, 

the image is divided into cells and histograms of gradient 

directions are formed for each of these cells. These histogram 

forms the descriptor. Since the size of the chain code changes 

for different characters, we usualize it as follows: The 

frequency of each direction code is calculated to form a chain 

code histogram (CCH). 

 
Fig. 7: Performance of different classifiers on histogram of 

oriented gradients features. 

E. Chain Code Histogram 

Chain code and image centroid have been successfully 

applied for Malayalam vowel recognition in. Since the size of 

the chain code varies for different characters. 

 
Fig. 8: Directional code chain 

 
Fig. 9: shows the chain code histogram of Malayalam 

character ‘tha’. Image centroid is also used as an additional 

feature here. Thus we get a feature vector of size 10. 

V. CLASSIFICATION 

Classification stage in an OCR process doles out marks to 

character pictures in view of the features removed and the 

connections among the features .In basic terms, it is this a 

portion of the OCR which at long last perceives singular 

characters and yields them in machine editable structure. 

Various methodologies are workable for the outline of 

classifier; and the decision frequently relies on upon which 

classifier is accessible, or best known not originator.  Two 

types of classifiers discussed here. 

A. Support Vector Machine 

It is basically a two-class classifier. Width of the edge 

between the classes is the making faster and more efficient 

measure, in other words the unfilled area around the decision 

boundary characterized by the distance to the closest training 

pattern. These patterns, called support vectors, at last describe 

the classification function. Their number is minimized by 

increasing the margin. The support vectors replace the models 

with the main difference in the middle of SVM and traditional 

example that should be copied matching strategies is that they 

represent the classes by a decision edge. Also, this decision 

edge is seen as the base distance function, as well as by a more 

broad possibly nonlinear, combination of these distances. 

Many scientists used SVM effectively viz. Sandhya Arora. 

B. Neural Network 

Neural Network which is essentially heuristic in nature are to 

an awesome degree suitable for this kind of issue. Distinctive 

sorts of neural frameworks are used for OCR order. The 

fundamental favorable position of Neural Network is it can 

gain consequently from examples. A neural Network is a 

figuring building outline that involves colossally parallel 
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interconnection of adaptable "neural" processors. Due to its 

parallel nature, it can perform counts at a higher rate 

contrasted and the customary techniques. 

Neural Network architectures can be classified, feed 

forward and feedback (discontinuous) networks. The most 

broadly perceived neural Networks used as a piece of the 

OCR systems are the multilayer perceptron (MLP) of the feed 

forward Networks and the Kohonen's Self Organizing Map 

(SOM) of the information systems. One of the fascinating 

qualities of MLP is that despite arranging an input pattern, 

they also give a trust in the classification [43]. These 

promising qualities may be used for releasing a test plan in 

the occasion of vulnerability. A point by point relationship of 

distinctive NN classifiers is made by M. Egmont-Petersen. 

He has exhibited that  

Feed-forward, perceptron higher request Network, 

Neuro-fluzzy structure are more met all needy things for 

character acknowledgment. Used back proliferation sort NN 

classifier. Hereditary calculation based component decision 

and classification close by combination of NN and Fuzzy 

rationale is represented in English, yet no any work is 

represented Indian language. 

 
Fig. 10: A block diagram of an MLP shown as a feed 

forward neural network. 

VI. DETAILS OF HANDWRITTEN DEVANAGARI CHARACTER 

RECOGNITION SYSTEM 

Given Table 2. Shows the different accuracy of offline 

handwritten characters using different features and 

classification techniques by many authors in past. 

Method Features Classification Accuracy 

Sharma et 

al.[32] 
Chain code Quadratic 80.36% 

Deshpande 

et 

al.[63] 

Chain code RE & MED 82% 

Arora et 

al.[61] 
Structural FFNN 89.12% 

Hanmandlu 

et al.[15] 

Vector 

Distance 
Fuzzy Set 90.65% 

Arora et 

al.[60] 

Shadow & 

CH 
MLP &MED 90.74 % 

Kumar et 

al.[56] 
Gradient SVM 94.1% 

Pal et 

al.[27] 

Gradient & 

Gaussian filter 
Quadratic 94.24% 

Mane et 

al.[10] 

Eigen 

Deformation 

Elastic 

Matching 
94.92% 

Pal et 

al.[57] 
Gradient 

SVM & 

MQDF 
90.74% 

Pal et 

al.[51] 
Gradient MIL 95.19% 

Akansha et 

al.[62] 
Linear kernel SVM 95.85% 

Sonika 

Dogra et 

al.[65] 

Diagonal 

feature 
SVM 93.06% 

Ashutosh et 

al.[27] 
Gradient SVM 94% 

B.K. 

Panigrahi 

et 

al.[66] 

Cross 

diagonal 
BPN 85% 

Table 2: Details of handwritten DEVANAGARI character 

recognition system 

VII. CONCLUSION 

OCR has never accomplished a read rate that is 100% perfect. 

Due to this, a framework which allows quick and exact 

correction of rejects is a noteworthy necessity. The primary 

motivation behind OCR from numerous years are  to increase 

the accuracy of reading, that is , to reduce rejects and 

substitution ,to eliminate the need for specially designed fonts 

(character), and to handwritten characters, to reduce 

sensitivity of scanning to read less-control input. 

As far as possible are not shocking to most 

application and devoted clients of OCR framework are 

developing every year. Be that as it may, the capacity to 

peruse a unique character is not, without anyone else, 

adequate to make a fruitful framework. Actually OCR is a 

period saver, yet it is not perfect. It rarely reaches more than 

99.9% level of accuracy. It faces problem with early printed 

books, newspaper, etc. It faces problems with heavily bound. 
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