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Abstract—This work attempt to use the wavelet transform coefficients combined with image gradient direction as feature vector for the 

recognition of isolated handwritten Malayalam characters. It has been established that the number of zero crossings in wavelet transform 

distinctly characterizes an image. This property has been exploited in this work for the recognition of handwritten characters. The images of 71 

characters in Malayalam are considered for the recognition purpose. The segmented image of the symbols are thinned and smoothed for further 

processing. The feature vector proposed in this work is the combination of number of zero crossings in two level Daubechies (Db4) wavelet 

transform and gradient direction of the image mapped to twelve regions with each region having 30 degree span. A two level Db4 wavelet 

transform is applied on each processed symbol and the number of zero crossings in each of 20 sub images are counted and recorded. Gradient 

direction is combined with this to form the feature vector. Multilayer Perceptron classifier is used for  classification. We have obtained an 

accuracy of 98.8%. 
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I.  INTRODUCTION  

Handwritten character recognition (HCR) is a difficult and 

complex task and poses challenges in the field of pattern 

recognition and machine learning. The handwritten characters 

may not be very clear as they may not have sharp lines, curves 

may not be smooth as that of printed characters. The non 

uniformity of character size and the lack of proper orientation 

in writing adds difficulty in automating the recognition. The 

100% recognition of handwritten character may be tedious as 

most of the people find it difficult to read their own 

handwritings even after a few days of the writing. 

Malayalam is a language spoken in India, especially in the 

state of Kerala. Malayalam is one of the twenty two scheduled 

languages in India and is the official Language of Kerala 

state[1] . It has official language status in Lakshadweep and 

Mahe also. Malayalam belongs to the Dravidian family of 

languages, and is spoken by approximately thirty eight million 

people mainly in Kerala and adjoining areas.  

 The Malayalam language was first written in Vatteluttu, 

an ancient script of Tamil. However, modern Malayalam script 

evolved from Grantha, a script originally used to write 

Sanskrit. Both Vatteluttu and Grantha evolved independently 

from Brahmi[2]. The modern Malayalam alphabet consists of 

thirteen vowels, thirty six consonants, and a few symbols. The 

vowels and consonants are shown in Fig. 1.  The combined 

letters also exist in the language, which makes the language 

more tougher for automatic recognition.  

Among the various phases in character recognition, feature 

extraction is the crucial and important one. The quality of the 

feature set affect the accuracy of the recognition. In this paper 

we propose a combination of directional information of image 

gradient with zero crossings in wavelet transform as  the  

feature vector. The Multilayer Perceptron classifier is used 

since neural network based classifiers are more effective in 

case of handwritten character recognition [3]. 

 
Fig. 1. Malayalam Alphabets(Vowels and Consonants). 

 

The remaining sections of this paper are organized as 

follows. In section II, an overview of existing study in 

Malayalam HCR is depicted. The feature extraction scheme 

used in this work is described in section III. The classification 

is mentioned in section IV followed by result of the experiment 

in section V. The section VI concludes this paper. 
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II. EXISTING METHODS FOR MALAYALAM HCR 

Lajish [4] in his work reported that it was the first work in 

handwritten Malayalam character recognition, in which fuzzy-

zoned normalized vector distance features are classified using 

class modular neural network considering 44 Malayalam 

characters. The reported accuracy was 83.35%. Raju and K 

Revathy[5] proposed the use of wavelet packet transformation 

for the recognition of isolated handwritten Malayalam 

character. Their work stem from the idea that the count of zero 

crossings of wavelet transform coefficients clearly 

characterizes an image. R John [6] proposed a work using 1D 

wavelet transform of projection profiles as features. In their 

work, Bindu S Moni and G Raju [7] has utilized twelve 

directional codes depending on the gradient direction as the 

feature vector which is processed by Modified Quadratic 

Discriminant function (MQDF) classifier for character 

recognition. 

Abdul Rahiman M and Rajasree M S[8] has proposed a 

method based on intensity variations for recognizing online 

handwritten Malayalam characters. Jomy John et. al[9] have 

proposed a system which uses both curvature feature and 

gradient feature in the reduced dimension as the feature vector. 

Another method proposed in [10] uses Haar wavelet transform 

for feature extraction and support vector machine for 

classification. Binu P C and Babu Anto P[11] deals with the 

recognition of handwritten Malayalam characters using discrete 

features. The features are extracted from skeletonised images. 

The skeleton pruning is done by contour portioning with 

discrete curve evolution with a recognition accuracy of 90.18 

%t for 33 alphabet classes. All the works above have used a 

subset of Malayalam alphabets and to our understanding the 

study was not extended to combined characters. 

 

III. FEATURE EXTRACTION SCHEME 

This work proposes a combination of number of zero 

crossings in wavelet transform coefficients and gradient 

direction as feature vector for the recognition of handwritten 

Malayalam characters. We have considered 71 characters in 

Malayalam which includes combined characters for this study. 

The proposed solution is illustrated in Fig. 2. The segmented 

symbols are thinned and normalized to have same physical 

dimension for feature extraction phase to operate on. A two 

level wavelet transform(Db4) is applied to the processed 

symbols and the number of zero crossings in each of 20 sub 

images are counted and recorded. 

An image gradient is the directional change in the intensity 

in an image. It measures how intensity is changing. There are 

two components i) The magnitude of the gradient describes 

how quickly the intensity is changing and ii) the direction of 

the gradient tells us the direction in which the intensity is 

changing most rapidly. The gradient vector is formed by 

combining the partial derivative of the intensity in the X and Y 

direction, which can be represented by equation below: 
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Eqn. (2) and (3) above compute the gradient in X and Y 

direction respectively. In discrete case we can take differences 

at one pixel interval and the above equation can be 

approximated as: 
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where xG and yG are the gradient in X and Y direction 

respectively. The strength G and direction Θ of the gradient 

can be then computed using the equation (6) and (7) 

respectively. 
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     The gradient direction thus obtained is mapped to twelve 

regions at a displacement of 30
0
 for the ease of computation. 

The mapped direction is then combined with the number of 

zero crossings obtained in 20 sub images of wavelet transform 

coefficients. This combined set is the feature vector which is 

fed to the 

classifier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Block diagram of proposed solution. 

Algorithm 

i. Apply thinning and normalize the segmented symbols 

ii. Apply two level wavelet transform to each symbol 

using Db4 filter. 

iii. Count the number of zero crossings in each 20 sub - 

images and record it. 

iv. Calculate the gradient and gradient direction as in 

Eqn. (4), (5) and (7). 

v. Map the directions into 12 regions at a displacement 

of 30
0
.  

vi. Merge the same with the recorded zero crossings in 

step (iii) to form the feature vector. 

The feature vector is then fed to Multilayer Perceptron 

classifier for training and later for testing. 

IV. CLASSIFICATION 

A Multilayer Perceptron (MLP) is a feed forward artificial 

neural network model that maps input sets to appropriate output 

classes. MLP uses a supervised learning technique called back 

propagation for training the network. 

V. RESULT OF THE EXPERIMENT 

It is observed that count of zero crossings in various sub-

images in 2D wavelet transform vary considerably from each 

characters. Hence it is evident that the same can form a rich 

feature set for recognition. However it is noted that effective 

rate of recognition when zero crossing alone is considered is in 

the range of 75 to 80 %.  Fig. 3 below shows the plot of number 

of zero crossings obtained for the most similar Malayalam 

characters. The Malayalam characters are given some unique 

code for the purpose of illustration as shown in Fig. 4. 

The classification accuracy obtained when gradient direction 

combined with number of zero crossings used as feature vector 

is 98.8% 

 
 

Fig. 3. Plot of number of zero crossings. 

 
Fig. 4. Code given to a few characters. 
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VI. CONCLUSION 

This work is aimed to investigate the effectiveness of the 

feature vector created by combining the number of zero 

crossings in wavelet transform coefficients with gradient 

directions for offline recognition of unconstrained handwritten 

Malayalam characters. A set of 71 Malayalam alphabets has 

been considered in the study which include combined  

characters. All of the previous work done in this area have 

limited their studies to a subset of the Malayalam characters 

and no attempt was made to recognize combined characters. 

The output obtained is promising with 98.8% recognition 

accuracy with Multilayer  Perceptron classifier. The study has 

to be analyzed further with more number of sample data to 

assess the strength of the proposed feature vector. Also the size 

of the feature vector need be reduced to improve the time 

complexity. 
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