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Abstract—This paper present a novel approach
for recognition of handwritten Marathi compound
characters. The recognition is carried out using multistage
feature extraction and classification scheme. At the final
stage of feature extraction generation of kernel takes place.
The recognition is done by template matching. Any
handwritten or printed document, if it is to be replicated
digitally, needs to be photocopied or scanned. Such a
replicated document cannot be altered in terms of the
words, font style and size that the document contains. Also
typing an entire document in order to replicate it is
extremely time consuming. That’s why handwritten
character recognition plays an important role in the modern
world. It can solve more complex problems and makes
human’s job easier.
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I. INTRODUCTION

Marathi is an Indo-Aryan language spoken by about 71
million people mainly in the Indian state of Maharashtra and
neighbouring states. Marathi is thought to be a descendent of
Maharashtri, one of the Prakrit languages which developed
from Sanskrit. This work is based on invariant moments for
recognition of isolated Marathi Handwritten Characters and
their divisions. Handwritten Marathi Characters are more
complex for recognition than corresponding English
characters due to many possible variations in order, number,
direction and shape of the constituent strokes. Indian
handwritten characters are more complex due to their structure,
shape and presence of modifiers and compound characters.
For the computer, it is very difficult to recognize the
handwritten character for its disoriented patterns, presence of
unwanted object or pattern distortion effect. Handwritten
character recognition aims at converting handwritten
characters in images into text that can be stored, edited or can
be converted into speech. So the challenges are to extract the
efficient features from the different characters images of
several characters so the different characters can be easily
identified by the system. The recognition of handwritten
character is one of the major areas of research and is gaining
much attention now. A feature extractor and classifier may
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recognize a character which may not be recognize by other
feature extractor and classifier combination. Hence a
multistage system is needed that can recognize the characters
over a wide range of varing conditions. Here an attempt is
made for unconstrained handwritten Marathi compound
character recognition without separation of the characters in

the compound character.

A. Marathi Script and Compound Characters

Marathi script is derived from Devanagari.
Marathi script consists of 16 vowels and 36
consonants making 52 alphabets. Marathi is written
from left to right. Marathi also has a complex
system of compound characters in which two or
more consonants are combined forming a new
special symbol. The compound characters in
Marathi script exhibit following features: The
compound characters in Marathi are formed by
joining two or more specific consonants. Fig.1
shows some examples of compound characters in
Marathi script that are formed by joining two or
more consonants.

T+ || 347 || O40 || 47 | |A4 Ty T

i1 & ¢ bl foowi

Figl: Example of Compound character

B. Wavelet Technology
A wavelet is a mathematical function useful in
digital signal processing. The principles are
similar to those of Fourier analysis ,which was
first developed in early part of 19" century. In
signal processing, wavelets make it possible to
recover weak signals from noise. In internet
communication, wavelets have been used to
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compress images to greater extent than is
generally possible with other methods. In some
cases, a wavelet compresses image can be as
small as about 25 percent the size of similar
quality image using the more familiar JPEG
method. Thus for example, a photograph that
requires 200 KB and takes a minute to download
in JPEG format might require only 50 KB and
take 15 seconds to download in wavelet
compressed format. Wavelet compression works
by analysing an image and converting it into a
set of mathematical expressions that can be
decoded by the receiver. The wavelet transform
exhibits the features like separability ,scalability,
translatability ,orthogonality and  multi
resolution capability.

Il. MOTIVATION

No work for handwritten compound character recognition is
found so far. Handwritten character recognition aims at
converting handwritten characters in images into text that can
be stored, edited or can be converted into speech. This field of
research finds applications in various areas that aim in
automation so as to reduce the human efforts like postal
automation [1, 2], bank automation [3], form filling etc.
Handwritten character recognition for Indian scripts [4] is
quite a challenging task due to several reasons. The shape of
the characters is complex and they may have modifiers,
present above, below or in line with the character. Another
reason is presence of compound characters in some scripts
like Bangla, Devanagari etc. where two or more consonants
are joined together to form a special character. Further,
handwritten characters tend to show a large variation in the
basic shape of the characters since the pen ink, pen width,
accuracy of acquisition device, the stroke size and location in
the character, physical and mental situation of the writer
affects the writing style and in turn the recognition accuracy to
a considerable extent. The main challenge in handwritten
character recognition is the inherent variability in the writing
style of different individuals. Machine simulation of human
reading has become a topic of serious research since the
introduction of the digital computers. The main reason for
such an effort was not only the challenges in simulation
human reading but also the possibility of efficient applications
in which the data present on paper document has to be
transferred into machine readable format.

I11. PROPOSED SYSTEM

The proposed system is design to recognize Marathi
Handwritten Compound character. At first the handwritten
characters are scanned and stored in png file format. After that
the scanned text is stored in the ASCII or UNICODE format.
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Handwritten or printed character recognition is an important
filed of Optical Character Recognition (OCR). The objective
of this project is to propose a system for unconstrained
handwritten Marathi compound character recognition without
separation of the characters in the compound character. The
picture of Marathi compound character can be converted to
word format for further use. In the proposed system
preprocessing is also done to remove the unnecessary part.
The scanned document is saved in the form of image and this
image is used for recognition. The output of this work is the
handwritten compound character that is in the form of
recognized text document and is available to user in editable
format. The output of this work is the digitized form of
recognized text document.

A. Working of Proposed System
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Fig 2: Proposed System Design

1. The proposed system is designed to recognize 40 Marathi
compound characters as well as handwritten characters.
In Fig. 2 a block diagram depicts the flow of the proposed
system.

2. At first, the handwritten compound characters are
scanned at 300 dpi in bmp file format. Before feature
extraction, some preprocessing is carried. An averaging
filter prior to binarization bridges small gaps. The
unwanted strokes are further removed by performing
morphological operations on the binarized image.

3. After preprocessing, a two level structural classification is
done using the structural features. Features are classified
as global features and local features. These are the
structural features of the character. Global features are
used to classify the characters coarsely. Further local
features are extracted which further classify these classes,
again based upon the structural features which are more
character specific than the global features. After the
second stage classification, the character is normalized
for kernel generation. Single level wavelet decomposition
is used to generate the kernels from the resized character
images. The recognition is carried out using template
matching.

IV.IMPLEMENTATION



Farheen et al. / Journal of Computing Technologies

A. Data Collection

The handwritten compound characters are scanned at

300dpi in bmp file format. The database for handwritten
compound characters is created by scanning the characters at
300 dpi using a flatbed scanner. The images are stored in png
file format. Here we assume that the consonants in the

compound characters are either touching or overlapping.
However, sometimes they may not be touching or overlapping
due to the writing style or may result into a gap or separate
after binarization and preprocessing operations. These split
components of a compound character result into separate
entities after segmentation. In order to take these separate
entities into account, we also consider the split components
of the compound character for recognition. No standard
database for compound characters is available.

B.

s 2 IH &S
3T =X & T 3
> = =¥ I T3
T A A& e 3T
&I <G €5 FE o
TETF T eV =3 '5“
= a od = T3
S = 3 g

Fig 3: Characters used in proposed system

Binarization

Image binarization is an important step for document
image analysis and recognition. It converts an image (up
to 256 gray levels) to black and white images (0 or 1).
Before feature extraction, some preprocessing is carried.
An averaging filter prior to binarization bridges small
gaps. The unwanted strokes are further removed by
performing morphological operations on the binarized
image.

C. Structural Classification

After preprocessing, a two level structural classification is
done using the structural features. Features are classified
as global features and local features. These are the
structural features of the character. Global features are
used to classify the characters coarsely. The large number
of compound character set with a wide range of variations
in the writing style demands a pre classification of the
characters before the final recognition. The pre
classification is done using a two stage classification
based upon the structural features. The first stage employs
classification using global features like presence of
vertical line in the character, its position in the character
and the presence of holes. These features can be termed
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as global features. The detection of global features is

followed by the detection of the local features. The

detection of these features is explained in the next

section.

The features are classified as global and local features.

1) Detection of global features

Global features used for classifying the characters
at the first stage include presence of vertical bar in
the character, position of the wvertical bar and
presence of the enclosed region. To detect whether
these features are present in the character, the
following algorithm is implemented. A character
image is cropped in order to remove the portions
without the character regions. Vertical projection
profile of the cropped image f(x, ) is further
calculated in order to find the column with maximum
number of pixels Y. . An average height of the
vertical bar is considered to be 85percent of the
total height of the image. This value is set as a
threshold Tv to find the presence of a vertical bar
in a character. Thus if, Y,>=Tv vertical bar is said
to be present, else, there is no vertical bar in the
character. If the presence of vertical bar is detected,
further its location is found so as to further classify
the character as per its location within the character.
Again an average threshold Ty is set to be 30
percent, for the position of the vertical bar in the
character. If, T>= Ty, the vertical bar is towards the
center else towards the end, where,

T = 2 W 100
¥
Further, 8-adjacency is used to find the presence of
connected components or the enclosed regions
within the character. Two foreground pixels p and q
are said to be connected if there exists an 8-
connected path between them, consisting entirely of
foreground pixels. Table | indicates the classification

of the characters based upon these high-level
features
TABLE |
FIRST STAGE STRUCTURAL CLASSIFICATION
High kevel features
Class Encloed
| Midbar | End bar regian

Mo bar enclosed (MBE) 0 0 1

Mo bar not enclosed (NBNE) 0 [ 0
Mid bear enclosed (MEE) 1 1] 1
Mid bar not enclosed (MENE) 1 0 0
End bar enclosed (EBE) 0 1 1
End bar not enclosed (EBNE) 0 1 0

2) Detection of local features
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The cropped binary image f (x, y) is thinned to
yield a single pixel wide character. This character
is then passed to hit-or-miss transformation to find
the endpoints of the character. The image is then
partitioned into four quadrantsas shown below

d4l3

Fig 4: Character Partitionning
Here quadrants 3 and 4 only are of interest.
Based upon the presence of the endpoints in
quadrants 3 and 4, the six classes obtained in the
previous step are further divided into four classes
as explained in Table II.

Table 11
Second Stage Structural classification

Class Mid level ﬁu_m:ru .
o O e Eial pesiend it o sicacke e 3
o0 Ahaent Albsent
m Absent Present
L Present Absent
11 Present Present

At this stage, after the classification of characters
based on two stage classification using structural
features, the characters are classified into 24
classes. For example, a character classified to class
EBNE 01 has a vertical bar at the end, without an
enclosed region and an end point in quadrant. Further
local features are extracted which further classify
these classes, again based upon the structural features
which are more character specific than the global
features. After the second stage classification, the
character is normalized for kernel generation. Single
level wavelet decomposition is used to generate the
kernels from the resized character images. The
recognition is carried out using template matching.

D. Generation of Wavelet Kernel

After two stage structural classification, the character
is resized to a fixed size of MxN to generate the
kernels. Wavelet transform is used for kernel generation. The
wavelet transform exhibits the features like separability,
scalability, translatability, orthogonality and multiresolution
capability. Single level wavelet decomposition is used for
kernel generation. The discrete wavelet transform can be
implemented using digital filters and down samplers. The
high pass or detail component characterizes the image's
high-frequency information with vertical orientation; the
low-pass, approximation component contains its  low-
frequency,  vertical information. The approximation
coefficients obtained for every character after single level
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decomposition is stored as the kernels in the database. . A
modified wavelet kernel generation method is also
implemented in order to improve the recognition results.
Here the kernels convolved before storing in the database.
The approximation coefficients obtained using single level
wavelet decomposition are convolved with themselves for
generation of modified wavelet kernels .

D. Recognition Technique

Here template matching is used for recognition. The
basic template matching technique performs cross
correlation of the 2D function f(x, y) with the template
g(X, y). The result contains peaks at the location of
the matches between the template and the underlying
object.

D -Mg-g)
r= ' AI_EL- LY
1J| SIu-PZXeE-a |
WtF Mot F d

where, 7 and # are the mean of the 2D function and the
template respectively and r is the peak of the cross
correlation  function that indicates the amount of
matching. As r moves from 0 to I, the match between the
function and the template goes on increasing. The kernels
obtained by both the methods are matched with the test
character kernel obtained in the same way. The matching
is done with the characters in the class to which the
candidate character is assigned after structural classification.

V. RESULTS AND DISCUSSION
The handwritten Marathi compound character
dataset is collected. No standard database is
available for handwritten Devanagari compound
characters.

bl 500 @ sefu]efe] s |
Fig 5: Handwritten compound characters
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At first the global features are detected and the
characters is classified into six classes. At the
second stage the six classes obtained are further
classified into four classes.

[ B i
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ol
Fig 6: Structural Classification of images
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Fig 7:Recognized image at the output

V1. CONCLUSIONS

After implementation we are able to recognize a
document in handwritten using wavelet technology.
An attempt is made to design the OCR for
handwritten Devanagari script. The handwritten
Marathi compound character dataset is collected
from more than 5 writers. Out of these two third of
the characters are used for kernel generation for the
database and the rest are used for testing. No
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standard database is available for handwritten
Devanagari compound characters so far. The
handwritten characters may take different shapes as
per the writing style of the writer. This may result
in classification of the same character to different
classes. We propose a novel approach based on
multi stage feature extraction and classification
scheme for unconstrained handwritten Marathi
compound character recognition. The preprocessed
character passes through a two stage structural
classification. The structural classifier extracts
global and local features and classifies the character
to one of the 24 classes at the output of the second
stage of structural classification. Further, characters
are resized for kernel generation. A wavelet based
and a modified wavelet based technique is used for
kernel generation. The kernels are generated at
various resize factors and the results are analyzed
after template matching. After implementation we
are able to recognize a handwritten Marathi
compound character using Wavelet technology and
to make text available in editable format for future
use.

V1 .APPLICATIONS
The output of the work is in digitized/recognized image which can

b copied to the Microsoft word and can be edited in the same. If we
s the font of the recognized image, it is in MANGAL.

Following is the list of applications:

1. Large-scale data processing such as postal address reading
check, sorting, office automation for text entry, automatic
inspection and identification.

2. Assigning pin-codes in postal addresses.
3. Character recognition can be used in bill processing system
4. In job application form sorting.

5. Automatic scoring of tests containing multiple choice
questions.
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