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Abstract—We describe novel methods of feature extraction for recognition of single isolated Devanagari character images. Our approach
is flexible in that the same algorithms can be used, without modification, for feature extraction in a variety of OCR problems. These
include handwritten, machine-print, grayscale, and binary and low-resolution character recognition. We use the gradient representation
as the basis for extraction of featu res. These algorithms require a few simple arithmetic operations per image pixel which ma kes them
suitable for real-time applications. Our dataset consists of 200 samples of each of 36 basic Devanagari characters, which are collected
from 20 different writers each contributing to write 10 samples of each of 36 characters. Thus we have u sed total 7200 character samples.
All sample images of Devanagari characters used are normalized to 90*90 pixel sizes. A description of the algorithm and experiment with
our data set is presented in this paper. Experimental results u sing Support Vector Machines (SVM) are presented. Our results demonstrate
high performance of these features with cross validation accuracy of 94%.
Keywords—Isolated Handwritten Devanagari Character Recognition, Gradient Features, G radient Feature Extraction, SVM Classifier.

I. INTRODUCTION
Machine simulation of human reading has beco me a topic
of serious research since the introduction of digital
computers. The main reason for such an effo rt was not only
the challenges in simu lating hu man read ing but also the
possibility of efficient applicat ions in wh ich the data present
on paper documents has to be transferred into machinereadable format. Automatic recognition of p rinted and
handwritten information present on documents like cheques,
envelopes, forms, and other manuscripts has a variety of
practical and commercial applications in banks, post offices,
lib raries, and publishing houses. Optical Character
Recognition (OCR) is a field of research in pattern
recognition, artificial intelligence and machine vision. OCR is
a mechanis m to convert machine printed or handwritten
document file into editable text format. Th is field is broadly
divided into two parts, On line and offline character
recognition. Off-line Character recognition further div ided
into two parts, mach ine printed and handwritten character
recognition. In handwritten Character Recognition, there are
lots of problems as compared to machine printed document
because different peoples have different writing styles, the
size o f pen-tip and some people have skewness in their
writing. All this challenges make the researches to solve the
problems.
India is a mult i-lingual mult i-script country and there are
twenty two languages. Eleven scripts are used to write these
languages and Devanagari Script is an oldest one that is used
to write many languages such as Hindi, Nepali, Marathi,
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Sindhi and Sanskrit where Hindi is the third most popular
language in the world and it is the national language of the
India [1]. 300 million people use the Devanagari Script for
documentation in central and northern parts of India [2].A
detailed survey report on various work conducted on
recognition of Indian Scripts is represented in [14].
The script has a comp lex co mposition of its constituent
symbols. Devanagari script (Hindi) has 13 vowels and 36
consonants shown in the Fig.1. They are called basic
characters. Vo wels can be written as independent letters, or
by using a variety of diacritical marks which are written
above, below, before or after the consonant they belong to.
When vowels are written in this way they are known as
modifiers and the characters so formed are called conjuncts.
Somet imes two or more consonants can combine and take
new shapes. These new shape clusters are known as
compound characters. All the characters have a horizontal
line at the upper part, known as Shirorekha or headline. No
English character has such characteristic and so it can be
taken as a distinguishable feature to extract Eng lish fro m
these scripts. In continuous handwriting, fro m left to right
direction, the Shirorekha o f one character jo ins with the
Shirorekha of the previous or next of the same word. In this
fashion, mu ltip le characters and modified shapes in a word
appear as a single connected component joined through the
common Sh irorekha. Also in Devanagari there are vowels,
consonants, vowel modifiers and component characters,
numerals. Moreover, there are many similar shaped
characters. All these variations make the handwritten
character recognition, a challenging problem.
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In our proposed approach, initially the Gradient Vector is
calculated at all image pixels and sample image is div ided
into 9x9 sub-blocks. Then in each sub-block Strength of
Gradient is accumulated in each of 8 standard directions in
which Gradient Direction is decomposed .Finally image is

down sampled to 5x5 blocks fro m 9x9 b locks using a
Gaussian Filter g iving a feature vector of dimensionality 200
(5x5x8). Accuracy of 94% is obtained using Support vector
Machines (SVM) as classifier.

Fig. 1: Devanagari Isolated Handwritten Characters, Modifiers

An overview of the paper is as follows: In Sect ion II, an
insight is provided into the earlier work donein recognition
of Handwritten Devanagari Character. Section III, covers
our proposed approach for Devanagari Character
Recognition right fro m pre-processing of images to use of
Gradient as our Feature Ext raction Technique and finally a
brief introduction of SVM classifier. In Section IV,
Experimental results and analysis are provided. Finally, the
conclusion & future work have been offered in Section V.
II. RELATED WORK
In literature survey, we found that many researchers had
done work towards the off-line handwritten Devanagari
character recognition. The first research work report on
handwritten Devanagari characters was published in 1977.
After that researchers started working on the recognition
ofhandwritten Devanagari characters& tried to solve the
problem associated with them. Features used by Sharma et
al. [3] for handwritten Devanagari characters are obtained
fro m the directional chain code information of the contour
points of the characters. The bounding box of a character is
segmented into blocks and a CH (Chain code histogram) is
computed in each of the b locks. Based on the CH, they have
used 64-D features for recognition. Sharma et al. proposed a
quadratic classifier-based scheme for the recognition of
handwritten characters and obtained 80.36 % accuracy with
the 11,270 dataset size. The wo rk reported in [4] discusses
the use of regular expressions (RE) in handwritten
Devanagari character recognition, where a hand-written
character is converted into an encoded string b ased on
chain-code features. Then, RE of stored templates is
matched with it. Rejected samples are then sent to a M ED
(minimu m edit d istance) classifier for recognition. On the
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5000 samples, this work has been done and 82 % accuracy
has been reported. The distortions in handwritten
Devanagari characters are removed in [5] using a thickening
process followed by thinning and pruning operations. The
features are represented using normalized vector distances
for each character. The Shirorekha and spine in a
handwritten character are detected using a differentialdistance-based technique.50000 samples is used and 89.12
% accuracy has obtained. The recognition of handwritten
characters in [6] is based on the modified exponential
membership function fitted to the fuzzy sets derived fro m
the features of the characters. A Reuse Policy that provides
guidance from the past policies is also utilized in the paper
to improve the speed of the learning process and obtained
90.65 % accuracy. For the recognition of handwritten
Devanagari non co mpound characters, shadow features, and
CH features are computed in [7]. Two MLPs and a
minimu m ed it distance (MED) method are used for
classification of handwritten Devanagari non compound
characters in [7]. In the first stage of classification,
characters with distinct shapes are classified using two
MLPs. Shadow features are used for one MLP and CH
features are used for the other M LP for classification. In the
second stage of classification, confused characters having
similar shapes are classified using a M ED method. This
method makes use of corners detected in a character image
using modified Harris corner detection technique. Kumar
[8] co mpared performances of five feature-extraction
methods on handwritten characters. The various featu res
covered are Kirsch directional edges, distance transform,
chain code, gradient and directional distance distribution.
Fro m the experimentations, it is found that Kirsch
directional edges are least performing and gradient is best
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performing with SVM classifiers. With mult ilayer
perceptron (MLP), the performance o f gradient and
directional distance distribution is almost same. The chain code-based feature is better as compared to Kirsch
directional edges and distance transform. A new feature is
also proposed in the paper, where the gradient direction is
quantized into four-direct ional levels and each grad ient map
is divided into 4 × 4 reg ions. This is combined with total
distances in four directions and neighborhood pixels weight.
The features used by Pal et al. [9] for handwritten characters
are main ly based on directional information obtained fro m
study of Devanagari handwritten character recognition
using 12 d ifferent classifiers and four sets of features is
presented. A detailed survey report on various techniques
used for recognition of both handwritten and machine
printed Devanagari Characters have been presented in [13].
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the arc tangent of the gradient and Gaussian filter. A
modified quadratic classifier is applied on the features of
handwritten characters for recognition. Elastic matching
(EM) technique based on an Eigen deformation (ED) fo r
recognition of handwritten Devanagari characters is
proposed in [10]. In [11], two classifiers are co mbined to
get higher accuracy of character recognition with the
gradient features. Co mbined use of SVM and M QDF is
applied for the same. Many approaches have been proposed
towardhandwritten Devanagari numeral, character, and
word recognition in the past decade [12]. A co mparative

III. PROPOS ED S YSTEM
A. Dataset preparation & preprocessing
There is no standard dataset available for Devanagari
handwritten characters. So dataset is prepared fro m
handwriting of 20 different people who belongs to different
age groups. In this work we only used Devanagari
consonants. 10 samples of each Devanagari consonant have
been written by each people means each people have written
360 (10*36) Devanagari characters in A4 size sheet. After
that this sheet is scanned and saved as jpeg image (grayscale
image).
Following steps have been performed in order to pre process the image before feature extract ion:
 Intensity values of an image were adjusted.
 Images were converted into binary images by choosing
threshold value 0.8.
 All connected components (objects) that have fewer than
30 pixels were removed fro m the binary images.
 Median filtering, which is a nonlinear operation often
used in image processing to reduce "salt and pepper"
noise was applied on all images.
 Each Image was segmented horizontally by finding the
black p ixel in each row.
 After horizontal segmentation, each line was segmented
vertically and we obtained our required character image.
 Finally all images of Devanagari characters were
normalized to size 90* 90.
B. Feature extraction techniques
Feature extraction is an integral part of any recognition
system. The aim o f feature ext raction is to describe the
pattern by means of minimu m nu mber of features that are
effective in discriminating pattern classes.
i. Gradient Feature Extraction
The gradient measures the magnitude and direction of the
greatest change in intensity in a s mall neighborhood of each
pixel. (In what follows, "gradient" refers to both the
gradient magnitude and direct ion). Grad ients are co mputed
by means of the Sobel operator. The Sobel templates used to
compute the horizontal (X) & vertical (Y) co mponents of
the gradient are shown in Fig.2.
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Horizontal Component Vertical Component
Fig. 2: Sobel masks for gradient

Given an input image of size D1 ×D2 , each pixel
neighbourhood is convolved with these templates to
determine these X and Y co mponents, S x and Sy ,
respectively. Eq. (1) and (2) represents their mathematical
representation :

S x (i, j) = I(i - 1, j + 1) + 2 * I(i, j + 1) + I(i + 1, j + 1)

(1)

- I(i - 1, j - 1) - 2 * I(i, j - 1) - I(i + 1, j - 1).

S y (i, j) = I(i - 1, j - 1) + 2 * I(i - 1, j) + I(i - 1, j + 1)

(2)

- I(i + 1, j - 1) - 2 * I(i + 1, j) - I(i + 1, j + 1)
Here, (i,j) range over the image rows (D1 ) and colu mns
(D2 ), respectively. The gradient strength and direction can
be computed fro m the gradient vector [Sx, Sy ] T as shown
below using Eq. (3) and (4):
The gradient magnitude is then calculated as:

r(i, j) = Sx ( i, j)  Sy (i, j)
2

2

(3)

Gradient direction is calculated as:

 (i, j) = tan -1

S y (i, j)

(4)

S x (i, j)

After obtaining gradient vector of each pixel, thegradient
image is decomposed into four orientation planes or eight
direction planes (chaincode directions) as shown in Fig.3.
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decomposed into two components in the two standard
directions, as shown in Fig.4.

Fig. 3: 8 directions of Chaincodes

After this, gradient vector of each pixel is decomposed into
components along these standard direction planes. If a
gradient direction lies between two standard directions, it is
ii. Generation of Gradient Feature Vector
A gradient feature vector is composed of the strength of
gradient accumulated separately in d ifferent direct ions as
described below:
(1) The direct ion of gradient detected as above is
decomposed along 8 chaincode directions.
(2) The character image is divided into 81(9 horizontal × 9
vertical) b locks. The strength of the gradient is accu mulated
separately in each of 8 direct ions, in each block, to produce
81 local spectra of direct ion.
(3) The spatial resolution is reduced fro m 9×9 to 5×5 by
down sampling every two horizontal and every two vertical
blocks with 5 × 5 Gaussian Filterto produce a feature vector
of size 200 (5 horizontal, 5 vert ical, 8 direct ional
resolution).
(5) The variable transformat ion (y = x0.4 ) is applied to make
the distribution of the features Gaussian-like.
The 5 × 5 Gaussian Filter used is the high cut filter to
reduce the aliasing due to the down samp ling as done in
paper [15].
C. Classifier (SVM)
Support Vector Machine is supervised Machine Learning
technique. It is primarily a two class classifier. W idth of the
margin between the classes is the optimizat ion criterion, i.e.
the empty area around the decision boundary defined by the
distance to the nearest training pattern. These patterns called
support vectors, finally define the classification function.
All the experiments are done on LIBSVM 3.0.1[20] which
is mult iclass SVM and select RBF (Radial Basis Function)
kernel. A feature vector set fv(xi) i=1…m, where m is the
total number of character in training set and a class set cs(yj )
j=1…m , cs(y j ) { 0 1 ….9} which defines the class of the
training set, fed to Multi Class SVM.
LIBSVM imp lements the “one against one”
approach (Knerr et al., 1990) [17] for mu lti-class
classification. So me early works of applying this strategy
to SVM include, for examp le, Kressel (1998) [16]. If k is
the number of classes, then k (k-1)/2 classifiers are
constructed and each one trains data from two classes. For
training data fro m the ith and jth classes, we solve the
following two class classification problem:
𝒎𝒊𝒏

𝟏
𝒊𝒋 𝟐
𝝃

𝒘𝒊𝒋 𝑻 𝒘𝒊𝒋 + 𝒄
𝒘 , 𝒃 ,
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𝒊𝒋

𝒊𝒋

𝝃𝒊𝒋 𝒕 ,

Fig. 4: Decomposition of gradient direction
𝒊𝒋

𝒔𝒖𝒃𝒋𝒆𝒄𝒕 𝒕𝒐 𝒘𝒊𝒋 𝑻 𝝓 𝒙 𝒕 + 𝒃𝒊𝒋 ≥ 𝟏 − 𝝃𝒕 ,
𝒊𝒇 𝒙 𝒕 𝒊𝒏 𝒕𝒉𝒆 𝒊𝒕𝒉 𝒄𝒍𝒂𝒔𝒔
𝒊𝒋 𝑻
𝒘
𝝓 𝒙 𝒕 + 𝒃𝒊𝒋 ≤ −𝟏 + 𝝃𝒊𝒋𝒕 ,
𝒊𝒇 𝒙 𝒕 𝒊𝒏 𝒕𝒉𝒆 𝒋𝒕𝒉 𝒄𝒍𝒂𝒔𝒔 ,
𝝃𝒊𝒋𝒕 ≥ 𝟎.
According to how all the samp les can be classified in
different classes with appropriate marg in, different types of
kernel in SVM classifier are used. Co mmonly used kernels
are:
Linear kernel, Polynomial kernel, Gaussian Radial Basis
Function (RB F) and Sigmoid (hyperbolic tangent).
The effectiveness of SVM depends on kernel used, kernel
parameters and soft margin or penalty parameter C. The
common choice is RBF kernel, which has a single
parameter gamma (g or γ). We also have selected RBF
kernel for our experiment.
Radial Basis Function (RBF) kernel, denoted as
K (xi, xj) ≡ exp (-γ||xi-xj||C )
Best combination of C and γ fo r optimal result is
obtained by grid search by exponentially growing sequence
of C and γ and each combination is cross validated and
finally parameters in co mb ination giving highest cross
validation accuracy are selected as optimal parameters.
In k-fold cross validation we firs t divide the training set
into k equal subsets. Then one subset is used to test by
classifier trained by other remaining k-1 subsets. By cross
validation each sample of train data is predicted and it
gives the percentage of correctly recognized dataset.
IV. EXPERIMENTS AND RES ULTS
In order to classify the handwritten character and evaluate
the performance of the technique, we have carried out the
experiment by setting parameters gamma, and cost
parameter. All experiments was performed on a Intel® core
2 duo CPU T6400 @ 2GHz with 3 GB RAM under 64 b it
windows 7 Ultimate operating system.
5 fold cross validation is applied for recognition accuracy.
We experiment with different -2 values of the gamma (γ) as
shown in Table 1 and obtained 94 % recognition rate at the
value of gamma (γ) =0.4 and cost (c) = 500.

𝒕
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While observing the results at other values of
parameter C, it is analyzed that decreasing the value of C
irrespective of any change in γ slightly decreases the
recognition rate, but on increasing the value of C and after a
certain increment normally after 64 i.e. at h igher values of C
the recognition rate becomes stable. In contrast, the
recognition rate always changes with the change in γ.
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extraction techniques & different-2 classifiers in order
toimp rove recognition accuracy.

Table 1: shows the recognition accuracy
S. No
V. CONCLUS ION& FUTUR E WORK
In the literature, many techniques for recognition of
Devanagari Handwritten Characters have been suggested. In
this paper an effort is made towards recognition of
Devanagari Characters and obtained recognition accuracy of
94%.Due to its logical simp licity, ease of use and high
recognition rate, Gradient Features should be used for
recognition purposes in other Indian Scripts like Gu rmukh i,
Malayalam etc. where not much research is conducted for
their recognition. More research work should be conducted
in using Gradient Features in co mbination with other feature

1
2
3
4
5
6
7
9
10

5–fol ds, Dataset size = 7200, Cost(c)=500,
Gamma (γ)
Recogniti on Accuracy
0.1
89.72 %
0.2
90.83 %
0.3
92.84 %
0.4
94 %
0.5
93.13 %
0.6
90.89 %
0.7
88.86 %
0.9
87.82 %
1
86.81 %
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