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Abstract— Optical Character Recognition (OCR) is one of the important fields in image processing and pattern recognition 
domain used to recognize printed and handwritten characters. Handwritten character recognition has always been a 
challenging task due to its substantial variation in appearance. This paper present an efficient and robust algorithm for 
recognition of handwritten isolated Malayalam character. The proposed system consists of image acquisition, preprocessing, 
segmentation, feature extraction, classification & recognition stages. Because of the curved nature and no inherent symmetry 
of Malayalam characters, its feature extraction is difficult. So the main aim of this paper is to propose a fast and easy to use, 
feature extraction method that gives a good performance for Malayalam character recognition .Contourlet transform is used 
for feature extraction in addition to ratios of grid values in horizontal and vertical directions. A feed forward artificial neural 
network trained using the back propagation algorithm is being used as the classifier. The proposed system achieves a 
maximum recognition accuracy of 97.3 %  
 
Index Terms— Malayalam, Character Recognition, Contourlet Transform, Back propagation Neural Networks 
 
 
I. INTRODUCTION 
 
Handwritten Character Recognition, usually 
abbreviated asHCR, is the process of converting 
handwritten text into machine processable format. 
Handwritten character recognition has been one of the 
most important and challenging research areas in the 
field of pattern recognition. It contributes immensely 
to the advancement of an automation process and can 
improve the interface between human and machine in 
various applications. In general, handwriting 
recognition is classified into two types as off-line and 
on-line handwriting recognition methods. In the 
off-line recognition, the writing is usually captured 
optically by a scanner and the completed writing is 
available as an image. 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. 
However, in the off-line systems, the neural networks 
have been successfully used to yield comparably high 
recognition accuracy levels. Several applications 
includes mail sorting, bank processing, document 
reading and postal address recognition. 
Most of the published work on Indian scripts 
recognition deals with printed documents and very 
few articles deal with handwritten script problem. It is 
hard to say that handwritten recognition exits for 
Malayalam language. This paper is intended to 
provide an efficient method for the development of 
HCR system for handwritten Malayalam characters. 
Malayalam is the Official language for the State of 
Kerala. This language is derived from the Grantha  
 

 
script, which is the descendant of Ancient Brahmi. 
The character set consists of 51 letters which includes 
15 vowels and 36 consonants. In this paper we propose 
a Malayalam character recognition system based on 
feed forward neural network as the classifier that uses 
contourlet transform for feature extraction. Though 
there has been a lot of study on the handwritten 
character recognition in many languages , an efficient 
system in Malayalam has not yet been developed. 
Most of the research has been based on the offline 
character recognition and on typed text. Malayalam 
consists of characters with loops and curves, with most 
of the characters being written in the clockwise 
direction. 
The first OCR system was developed by Centre for 
Development of Advanced Computing (C-DAC) 
Thiruvananthapuram, a Government of India 
institution. It uses Otsu’s algorithm for binarization 
and Projection profile method used for skew detection 
and correction of image. The recognition phase 
linguistic rules are applied. An accuracy of 97% is 
reported in this method. Another HCR system for 
Malayalam has been developed which uses the 
number of horizontal and vertical lines for the 
identification of the characters. It includes 
pre-processing, character extraction and 
skeltonization phases before the actual recognition 
takes place. The recognition module include functions 
which calculate the number and position of horizontal 
and vertical lines which forms the feature that 
distinguishes each character from another. Offline 
recognition of Malayalam characters using chain code 
histogram and normalized chain code histogram has 
also been developed. Chain code is used to represent 
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the boundary of the character and is stored as location 
and direction of line segments of specified length. 
Centroid of the image is also taken to improve the 
result. Online system which uses a combination of 
context bitmap and normalized (x,y) co-ordinates has 
also been developed. It uses Kohonen network for 
recognition. Later a character recognition system 
using run length count (RLC)  was proposed. This 
method, implemented a feature extraction method 
based on RLC. It is the count of contiguous group of 1s 
encountered in a left to right / top to bottom scan of a 
character image or block of an image. For 
classification they implemented Modified Quadratic 
Discriminate function (MQDF), which is a successful 
statistical approach for HCR. 
 
II. PROPOSED RECOGNITION SYSTEM 
 
A typical handwriting recognition system consists of 
image acquisition,   pre-processing, segmentation, 
feature extraction, classification and recognition 
stages. The schematic diagram of the proposed 
recognition system is shown in Fig 1. 
  
A. Image Acquisition 
The offline 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. Image Preprocessing 
The pre-processing is a series of operations performed 
on the scanned input image as shown in Fig 2. It 
essentially enhances the image rendering it suitable 
for segmentation. The various tasks performed on the 
image in preprocessing stage are 
 Noise reduction: When the document is scanned, 
the scanned images might be contaminated by additive 
noise and these low quality images will affect the next 
step of document processing. Noise reduction 
techniques can be categorized in two major groups as 
filtering, morphological operations 
 Binarization: It is a process that converts a gray 
scale image into a binary image using global 
thresholding technique. 
 Smoothing: the erosion and dilation smooth the out 
boundaries of objects 

 
Fig. 1 Schematic Diagram Of The Proposed Recognition System 

 Edge detection: Edges characterize object 
boundaries and are useful for segmentation and 
identification of objects. Edge detection significantly 
reduces the amount of data and filters out useless 
information, while preserving the important structural 
properties in an image 
 Skeltonization: It provides reduction in data size, 
thinning extracts the shape information of the 
characters. 
C. Segmentation 
In the segmentation stage, an image of sequence of 
characters is decomposed into sub-images of 
individual character. Script segmentation is done by 
executing the following operations: Line 
segmentation, Word segmentation and character 
segmentation 

 
Fig. 2. Pre-Processing Of Handwritten Character 

 
 Line segmentation :separate the text lines using 
horizontal histogram profile 
 Word segmentation: provides the space between 
words using vertical histogram profile. 
 Character segmentation: provides the spacing 
between the characters using vertical histogram 
profile.  
 
D. Feature extraction 
In this stage, the features of the characters that are 
used for classifying them at recognition stage are 
extracted. This is an important stage as its effective 
functioning improves the recognition rate and reduces 
the misclassification. Here contourlet transform is 
used for feature extraction in addition to aspect ratio, 
ratios of grid values in horizontal and vertical 
directions.   
 
1) Contourlet transform 
Contourlet form a multiresolution directional 
tight frame designed to efficiently approximate 
images made of smooth regions separated by smooth 
boundaries. The Contourlet transform [11] has a fast 
implementation based on a Laplacian Pyramid (LP) 
decomposition followed by directional filter banks 
(DFB) applied on each bandpass subband as shown in 
Fig 3. The original image is divided to a lowpass 
image and a bandpass image using LP decomposing. 
Each bandpass image is further decomposed by DFB. 
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Repeating the same steps upon the lowpass image, the 
multiscale and multidirection decomposition of the 
image will be obtained. The Contourlet have 
elongated supports at various scales, directions, and 
aspect ratios. This allows Contourlet to efficiently 
approximate a smooth contour at multiple resolutions. 
In the frequency domain, the Contourlet transform 
provides a multiscale and directional decomposition. 

 
Fig.3. Double Filter Bank Decomposition of Contourlet 

Transform 
 

a) Pyramid Frames 
One way to obtain a multiscale decomposition is to use 
the Laplacian pyramid (LP) introduced by Burt and 
Adelson. The LP decomposition at each level 
generates a down sampled low pass version of the 
original and the difference between the original and 
the prediction, resulting in a band pass image. Here, 
the band pass image obtained in LP decomposition is 
then processed by the DFB stage. LP with orthogonal 
filters provides a tight frame with frame bounds equal 
to 1. 
 
b) Iterated directional filter banks 
DFB is designed to capture the high frequency content 
like smooth contours and directional edges. The DFB 
is implemented by using a k-level binary tree 
decomposition that leads to 2^K directional sub- 
bands with wedge shaped frequency partitioning as 
shown in Fig 4.But, the DFB used in this work is a 
simplified DFB [11], which is constructed from two 
building blocks . The first is a two-channel quincunx 
filter bank with fan filters. It divides a 2-D spectrum 
into two directions, horizontal and vertical. The 
second is a shearing operator, which amounts to the 
reordering of image pixels. Due to these two 
operations, directional information is preserved. 
Combination of a LP and DFB gives a double filter 
bank structure known as Contourlet filter bank. Band 

pass images from the LP are fed to DFB so that 
directional information can be captured. The scheme 
can be iterated on the coarse image. This combination 
of LP and DFB stages result in a double iterated filter 
bank structure known as Contourlet filter bank. 
In this paper we use 16 statistical features like aspect 
ratio, ratios of grid values in horizontal and vertical 
directions and 4 level contourlet decomposition. So in 
total we get 32 features per character image. 

 
 
Fig .4. Frequency partitioning where k = 3 and there 
are 2^3 = 8 real wedge-shaped frequency bands. 
Subbands 0–3 correspond to the mostly horizontal 
directions, while subbands 4–7 correspond to the 
mostly vertical directions 

 
E. Classification and Recognition  
The classification stage is the decision making part of 
a recognition system and it uses the features extracted 
in the previous stage. A feed forward back propagation 
neural network [12] having three hidden layers  is 
used to perform the classification. The hidden layers 
use log sigmoid activation function and the output 
layer is a competitive layer as one of the characters is 
required to be identified at any point in time. Back 
propagation algorithm is used to train the network. 
The learning process involves updating network 
architecture and connection weights so that a network 
can efficiently perform a specific 
classification/clustering task There are two sets of 
weights; input hidden layer weights and 
hidden-output layer weights. These weights represent 
the memory of the neural network, where final 
training weights can be used when running the 
network. Initial weights are generated randomly there 
after, weights are updated using the error (difference) 
between the actual output of the network and the 
desired (target) output. Weight updating occurs at 
each iteration and the network learns while iterating 
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repeatedly until a net minimum error value is 
achieved. 
Once the network is trained then it can be used for 
recognition. The input image to be recognized is first 
preprocessed, segmented and features are extracted. 
These features are then used to recognize the 
characters. 
 
III. EXPERIMENTAL RESULTS 
 
This paper describes all the necessary steps for offline 
handwriting recognition system using artificial neural 
network. Recognition system has been implemented 
using Mat lab. An improved type of feature extraction 
method is proposed which can give high recognition 
accuracy while requiring less time for training and 
classifications. The input to the system is a scanned 
image of handwritten data and the output is machine 
editable file. Initially the system was trained with 
characters of different handwritings. Different size 
characters with different handwriting are tested. It has 
been seen that this system has provided an average 
accuracy of about 97.3%. Performance comparisons of 
different methods discussed above are shown in table 1 
 

TABLE.1 PERFORMANCE COMPARISON 

 
 
CONCLUSION 
 
A simple recognition system for recognizing 
handwritten Malayalam characters using a new type 
of feature extraction, namely, a combination of 
statistical features and features obtained by finding the 
contourlet transform of the pixel value of image is 
proposed.  
 
 
 
 
 
 
 
 
 
 
 

Experimental results show that these   32 features with 
feed forward propagation neural network yields good 
recognition accuracy of 97.3% with 32features. 
The proposed off-line hand written character 
recognition system with superior recognition rates 
will be eminently suitable for several applications 
including handwritten name recognition and 
conversion of any handwritten document into 
structural text form. 
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