
 
 

 

  
Abstract— This work is to apply wavelet packet transformation 
for the recognition of isolated handwritten Malayalam (one of the 
south Indian languages) characters. The key idea is that count of 
zero crossings of wavelet transform coefficients of an image   
characterize  it.  A set of 3000 images of 20 selected characters are 
used for classification. All images are normalized to have same 
height, binarized and inverted. Two-level Wavelet packet 
transformation is applied on each character image. Count of 
zero-crossings in each of the sixteen subbands together with a 
structural feature forms the feature vector. Feed forward back 
propagation network is used for classification.  We obtained about 
90% accuracy in classification and recognition. Further study by 
including more characters and more samples is being carried out. 
 
Index Terms— Handwritten Character Recognition, Wavelet 
Packets, Zero crossings of wavelet coefficients, Neural Networks. 
 

I. INTRODUCTION 
 Offline recognition of handwritten characters is a field 

where intense research is   going on. The major challenge is the 
large variation in the writing styles of individuals at different 
times and among different individuals.  Also recognition 
system suitable for one language need not be apt for another. 
Compared to online character recognition systems, offline 
systems can use only static information.  

Malayalam, one of the South Indian Languages, is the 
principal language of   Kerala, one of the south Indian states. 
Malayalam character set consists of 73 characters, categories 
such as Vowels, Consonants, Anuswaram, Visargam, 
Chardrakala, Consonant signs, Chillu, and Vowel signs.       
Recent results on the recognition of isolated Malayalam 
characters based on structural and statistical features   has 
shown an   accuracy of  about  85% [1][2][3]. 

 Any hand written character recognition system should 
address the problems due to variations in writing style,   
intensity,   scale and orientation. To simplify the task, often 
constraints are imposed on handwriting with respect to tilt, size, 
relative position, stroke connection etc. [4] [5] [6][7] [8] 
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Wavelets are localized basis functions which are translated 
and dilated versions of some fixed mother wavelet [9] [10].   In 
the last fifteen years Wavelet and similar transformations 
became popular for image processing tasks including   
character recognition. In wavelet analysis, the frequency of the 
basis function as well as the scale can be changed.  Thus it is 
possible to exploit the fact that high frequency features of a 
function are localized while low frequency features are spread 
over time.  

The zero-crossings of a wavelet transform provide the 
locations of the signal sharp variations at different scales [13].   
This implies that count of zero crossings of wavelet coefficients 
in different subbands    shall   characterize   an image. This fact 
is exploited in this work for the recognition of isolated 
handwritten characters. 

  A number of methods relating to application of wavelets in 
character recognition have been   reported [14][15][16][17]. In 
one of the works reported, images of numerals are decomposed 
(single level) using Bi-orthogonal wavelets to four sub-images 
and each sub-image is normalized to the range [0, 1]. The 
feature vector is formed by these sub-images.  Another 
approach is to get a signature of the character by converting the 
average image obtained after a three level wavelet 
transformation into binary image and use it for subsequent 
classification.  Wavelet packets are also used where feature 
extraction is done by taking the wavelet packet transform of the 
character image using the best basis algorithm, for a desired 
number of multiresolution levels. 

In this work, we propose a simpler method compared to the   
earlier methods. Here the count of Zero-crossing of wavelet 
coefficients is used as a feature for offline recognition of 
isolated Malayalam characters.   One fifty samples each of 
twenty characters are  used for classification.   Wavelet packet 
transformation is applied on each image.  The number of 
zero-crossings in each subbands is used as the main feature. 
The study shows   that zero crossing of wavelet coefficients can 
be used as   a feature for classification. 

II. WAVELET PACKET DECOMPOSITION  
 The core of the method is Wavelet Packet Transformation.  

The wavelet packet method is a generalization of wavelet 
decomposition that offers a richer signal analysis. In the two 
dimensional orthogonal wavelet decomposition procedures, the 
generic step splits the approximation coefficients into four parts. 
After splitting, we obtain a sub-image of smooth (low pass)  
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coefficients and three sub-images corresponding to   detail 
coefficients along horizontal, vertical and diagonal directions.   
This is followed by   splitting the    low pass   sub-image while 
the  successive details are never reanalyzed. 

In the corresponding wavelet packet situation, each detail 
coefficient sub-image is also decomposed into four parts using 
the same approach as in  low pass sub-image splitting. The 
decomposition structure is given in figure 1. The filter used 
here  is Biortho 3.7 and only two levels of decomposition is 
performed resulting in 16 sub-images (subbands). 

 

III. THE DATA SET 
 In this work,   20 characters out of 73 in Malayalam 

language are selected for recognition. For ease of reference 
each character is given a code. Sample of few characters are 
given in table I.  The samples are collected from different 
individuals. The individuals   selected are from different 
levels – based on age, qualification and sex.   There was no 
constraint imposed on writing. The samples are scanned at 
300dpi and images are stored as   256x256 gray images. We can 
notice that there are pronounced variations across samples and 
the samples contain considerable noise 

A.  Pre-processing 
For handwritten character recognition, preprocessing is very 

crucial for subsequent phases. Preprocessing normally 
encompasses thresholding and thinning operations.  
Preprocessing results in   noise free   single-pixel wide skeleton 
images. This is followed by cropping of the image so as to fit 
into a minimum rectangle.  

In this work, the preprocessing steps applied are cropping, 
resizing, binarization and inversion. Resizing is performed as a 
normalization step, where  all characters are fitted into a 
window of same height.   The inversion is done with a purpose 
to represent background with 0s. 

 

IV. FEATURE EXTRACTION 

A.  Count of Zero-crossing as a Character Feature 
Wavelet transform results in subimages corresponding to 

smooth component, highpass components in the three 
directions horizontal, vertical and diagonal.   The information 
content of smooth component and highpass filtered 
components in the three directions should be a unique feature 
of an image. This feature can be characterized with number of 
zero-crossing of wavelet coefficients in each subimage.  But for 
the same character, this count may vary considerably due to 
variation in writing style, tilt, noise etc.. In spite of this, the 
count of zero-crossing of each character is found to fall within a 
range. Though the ranges are found to be overlapping in some 
cases,  the count of zero-crossing in all subimages together 
shall be used as a character feature. 

 

B. Feature Extraction Method 
The following steps are used for feature  extraction : 

 
i. For each character  image  do steps  ii to v 
 
ii. Apply two level forward wavelet packet transform using  
Bior 3.7 filter. 
 
iii. For each subband count the number of zero crossings. Zero 
crossings are counted row wise. 
 
iv.  Record zero-crossing counts against each subband viz L1, 
H1, V1, D1, L2, H2, V2, D2, L3, H3, V3, D3, L4, H4, V4 and 
D4. L, H, V and D signifies low pass,  Horizontal details, 
Vertical details and Diagonal details. 
 
 v.  Find  the height to width ratio. (This is used as an additional 
feature) 

 
 The seventeen values (input) together with class 

identification value (output) are given to the Neural Network 
for training.  

 

V.  CLASSIFIER 
Feed forward neural network architecture is used for 

classification.  The network is designed with an input layer, one 
hidden layer and output layer. The number of nodes in input 
layer is fixed as seventeen and the number of nodes in hidden 
layer as thirty.  The output layer consists of a single node. All 
the neurons in the input layer are connected to the hidden layer 
and all the nodes in the hidden layer are connected to the output 
node.  Back propagation is used for training with Mean 
Squared error as the error function. 
 

VI.  RESULT AND DISCUSSION 
 It is found that the ranges of zerocrossing count for 

different subbands vary from character to character. Figure 2 
shows the variation of average number of zerocrossings for the 
twenty images. Only subbands L1, H1, V1, D1 and D4 are 
shown.    

  Totally 1800 images are used as training set.      The 
trained network was then used for classifying 1200 new images, 
of which 1074  (89.5%) are recognized correctly. Table II gives 
details of testing.   

 
 
 

VII. CONCLUSION 
We have used the Zero-crossing of wavelet coefficient as a 

feature for character recognition. The characters are selected 
from Malayalam, one of the south Indian Languages, with its 
own morphological features.  

The results obtained are promising giving an accuracy of 
90% for the recognition of characters.   The importance of this 
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work is that the   selected feature VIZ Count of the 
Zero-crossing of wavelet coefficients is invariant to style, 
intensity and orientation.    Refinement of the method by 
incorporating preprocessing steps such as thinning may give 
better results.    

 The proposed method is to be extended by considering the 
entire character set as well as using a large database of 
handwritten character samples. 

 

L1 H1 L2 H2 
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L3 H3 L4 H4 

V3 D3 V4 D4 

Figure 1 Decomposition Scheme 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table I   Character Samples 
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Figure 2  Plot of Average Zerocrossings  
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A 60 60 100 

B 60 56 93.3 

C 50 49 98 

D 55 52 94.5 

E 62 59 95.1 

F 70 61 87.1 

G 65 60 92.3 

H 60 49 81.7 

I 60 56 93.3 

J 56 54 96.4 

K 60 54 90 

L 55 50 90.9 

M 58 49 84.4 

N 70 62 88.6 

O 65 54 83.1 

P 62 50 80.6 

Q 50 46 92 

R 60 48 80 

S 60 50 83.3 

T 62 55 88.7 
 

Table II  Summary of classification with test data set   
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