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Abstract— In this paper an isolated handwritten Gurumukhi character recognition system using SVM classifier is presented.
Diagonal features are used for extracting the features of a character. Diagonal feature computation consists of two steps1) character
image is divided into different zones2) Diagonal Features are computed for each zone of the character. Features are also computed
from each image by considering zones in horizontal and vertical directions. Thus total 120 features are computed for each character.
We have used in all 7000 images of Gurumukhi characters for the purpose of training and testing. The proposed system achieves a
maximum recognition accuracy of 95.34% and 95.74% using diagonal features and SVM classifier with 5-fold and 10-fold cross
validation respectively. The diagonal orientation for feature extraction is identified to be the most suitable method as it yields higher
recognition accuracy.
Keywords— Handwritten Gurumukhi Character Recognition, Diagonal Feature, SVM classifier with RBF kernel.

I. INTRODUCTION
Optical Character Recognition (OCR) systems aim at
transforming large amount of documents, either printed or
handwritten, into machine encoded text. Nowadays, although
recognition of printed isolated characters is performed with
high accuracy, recognition of handwritten characters still
remains an open problem in the research area. A widely used
approach in isolated character recognition is to follow a two
step schema: a) represent the character as a vector of features
and b) classify the feature vector into classes [1].
In general, handwriting recognition is classified into two
types as off-line and on-line handwriting recognition methods.
Off-line handwriting recognition involves automatic
conversion of text into an image into letter codes which are
usable within computer and text-processing applications. The
data obtained by this form is regarded as a static
representation of handwriting. Off-line handwriting
recognition is comparatively difficult, as different people have
different handwriting styles. But, in the on-line system, the
two dimensional coordinates of successive points are
represented as a function of time and the order of strokes
made by the writer are also available. The on-line methods
have been shown to be superior to their off-line counterparts
in recognizing handwritten characters due to the temporal
information available with the former [2].
Any OCR problem consists of five stages such as Image
preprocessing, segmentation, feature extraction, classification
and recognition and post processing. All these steps are
practiced in our approach. In our scheme we have
implemented Diagonal feature extraction technique. In this
methodology image is divided into 100 equal zones each of
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size 10*10 pixels. Features are extracted from pixels of each
zone by moving along its diagonals.
In the following sections literature survey, pre-processing,
and proposed methodology including feature extraction, result
analysis and conclusion are discussed.
II. RELATED WORK
Selection of a feature extraction method is probably the single most
important factor in achieving high recognition performance in
character recognition systems. A review of different feature
extraction methods and the problem of choosing the appropriate
feature extraction method for a given application is discussed in[3][5].these papers provide general discussion of Most oftenly used
texture feature extraction methods in various research areas including
biometric, medical research and printed character recognition. A
study of methods in this paper is useful for appropriate use of
existing methods as well as invention of new methods. In [6], U. Pal
and R Jayadevan have provided a survey on all feature extraction
techniques as well as training, classification and matching techniques
used for recognition of machine printed and handwritten Devanagri
state of the art from 1970s.In the literature survey[7] work done on
different Indian language scripts is presented. It is found that a lot of
work has been done in recognition of Devanagri and Bangla script
characters, the two most popular languages in India, In case of
Gurumukhi language work has been done by G.S. Lehal and
Chandan Singh in[11]-[13] for printed Gurumukhi Script .But for
Handwritten Gurumukhi Script work done is very less. In 2011,
kartar Singh Siddharth and Mahesh Jangid have used different
feature extraction techniques for Handwritten Gurumukhi character
recognition such as zoning density, Projection Histograms ,distance
Profiles and Background Directional Distribution(BDD) features.
Highest accuracy obtained is 95.04% using Zoning Density and
Background Directional Distribution features(BDD)[10].In zoning
density image is divided into different zones. From each zone
number of foreground pixels are calculated, then count of foreground
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pixels is divided by the total number of pixels in that zone to obtain
zoning density of each zone. For Background Directional
Distribution features they have considered the directional distribution
of neighboring background pixels to foreground pixels. They have
computed 8 directional distribution features. To calculate directional
distribution values of background pixels for each foreground pixel,
masks for each directional values are used. In [8] Diagonal features
are computed from each zone and for recognition purpose neural
network classifier is used. Same technique has been implemented in
[9] by Munish Kumar, M.K. Jindal and R.K. Sharma for Gurumukhi
Characters using K-NN classifier and accuracy obtained is 94.12.In
our recognition approach we have implemented the same technique
on dataset of 7000 samples using SVM classifier with its Radial
Basis Function (RBF) kernel with 5-fold and 10-fold cross-validation.

The pre-processing is a series of operations performed on
the scanned input image. It essentially enhances the image
rendering it suitable for segmentation. The following steps are
used to create dataset. Entire work has been done in Matlab.
 Handwritten sample is scanned in RGB format.
 RGB image is converted into grayscale image.
 Grayscale image is converted into binary image by
using a suitable threshold value by Otsu’s method.
 Other preprocessing techniques like median filtration,
dilation, some morphological operations are applied
to join unconnected pixels, to remove isolated pixels,
to set neighbor pixel values in majority and to
remove the spur pixels.

III. RECOGNITION SCHEME
Our Dataset consists of total of 7000 characters of
Gurumukhi Script consisting of 200 samples of each of 35
characters. Each image consists of 10 samples of each of 35
characters. Thus total 20 images are used. Each image goes
through a series of steps such as image acquisition,
preprocessing, segmentation, feature extraction, classification
and recognition and post processing. In post processing step
we bind up our work to create complete digitized document
after recognition process.

C. Segmentation
In the segmentation stage, an image of sequence of
characters is decomposed into sub-images of individual
character [14]. In the proposed system, the pre-processed
input image is segmented into isolated characters by assigning
a number to each character using a labeling process. This
labeling provides information about number of characters in
the image. Each individual character is uniformly resized into
100x100 pixels for extracting its features.
D. Feature Extraction
Diagonal features are very important features in order to
achieve higher recognition accuracy and reducing
misclassification. These features are extracted from the pixels
of each zone by moving along its diagonals as shown in Fig 2.
Following algorithm describes the computation of Diagonal
Features for each character image of size 100*100 pixels
having 10*10 zones and thus each zone having 10*10 pixel
size. Each of these zones are having 19 diagonals. The number
of foreground pixels along each diagonal are summed up to
get 19 features from each zone, then these features for each
zone are averaged to extract a single feature from each zone.
Steps for computation of Diagonal Features
Step I: Divide the input image into n (=100) number of
zones, each of size 10×10 pixels.
Step II: The features are extracted from the pixels of each
zone by moving along its diagonals.

Figure 1.Basic Process of OCR

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
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Step III: Each zone has 19 diagonals; foreground pixels
present along each diagonal is summed up in order to get a
single sub feature.
Step IV: These 19 sub-features values are averaged to form
a single value and placed in corresponding zone as its feature.
Step V: Corresponding to the zones whose diagonals do
not have a foreground pixel, the feature value is taken as zero.
Using this algorithm, we will obtain 100 features
corresponding to every zone.
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V. EXPERIMENTS AND RESULTS
We have used 7000 samples of isolated handwritten
Gurumukhi characters in our experiment. These samples are
written by 20 different writers, each contributing to write 10
samples of each character out of 35 characters.
Initially a random sample out of total dataset was taken to
train the SVM classifier and we optimized the parameters C
and g (or γ). Further by training the system by whole dataset
the optimization of these parameters was refined. We finally
selected the optimal parameters combination giving highest
cross validation accuracy. Thus selected optimal parameters
are- C = 8 and g = 0.004. With these parameters 5-fold cross
validation accuracy obtained is 95.34% while 10-fold cross
validation accuracy obtained is 95.74%. The samples written
by each writer are divided into data to train and test the system
in the ratio of 4:1.
TABLE I

COMPARISON OF EARLIER METHODS
Fig 2.(a)Normalized Character Image(b)Image divided into 100
zones(c)Diagonal Feature Extraction in a zone each of size 10*10 pixels

IV. CLASSIFICATION
Support vector machines (SVM) are a group of supervised
learning methods that can be applied to classification or
regression. The standard SVM classifier takes the set of input
data and predicts to classify them in one of the only two
distinct classes. SVM classifier is trained by a given set of
training data and a model is prepared to classify test data
based upon this model. For multiclass classification problem,
we decompose multiclass problem into multiple binary class
problems, and we design suitable combined multiple binary
SVM classifiers. Our problem also needs to classify the
characters into 35 different classes of Gurumukhi characters.
We obtained such multiclass SVM classifier tool LIBSVM
available at [18]. A practical guide for SVM and its
implementation is available at [19]. According to how all the
samples can be classified in different classes with appropriate
margin, different types of kernel in SVM classifier are used.
Commonly used kernels are: Linear kernel, Polynomial kernel,
Gaussian Radial Basis Function (RBF) 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. Best combination of C and γ for optimal
result is obtained by grid search by exponentially growing
sequence of C and γ and each combination is cross validated
and parameters in combination giving highest cross validation
accuracy are selected as optimal.
In V-fold cross validation we first divide the training set
into V equal subsets. Then one subset is used to test by
classifier trained by other remaining V-1 subsets. By cross
validation each sample of train data is predicted and it gives
the percentage of correctly recognized dataset.
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