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Abstract — Writer identification is a challenging task for the reason that it requires textural features and structural features.
Textural features like grey-level co-occurrence matrices, Gabor filters can be extracted from entire page or a block of text.
The structural features like slant and skew, character height, stroke width, frequency of loops or blobs etc. also characterize
the handwriting style. Before extracting character level features it is a prerequisite to segment the document image into
characters. This paper proposes a connected component oriented approach to segment an image of handwritten Tamil
document into individual characters. The features extracted from these characters then can be used for writer identification.

Keywords: Writer Identification, Handwritten documents, Segmentation, Connected Component, Tamil Script.

l. INTRODUCTION

The identification of a person on the basis of digitized form
of handwriting is a useful biometric modality with forensic
and historic document analysis and continues to be an
exemplary study area within the research field of behavioral
biometrics. Handwriting of a person has unique features and
can be used for identification. The recent advancements in
image processing, data mining, pattern recognition and
machine learning have proved that it is possible to automate
writer identification.

In order to characterize a writing style, writer specific
features are essential. Features are quantitative measurements
that can be obtained from a handwriting sample. These
features can be obtained from the whole document or from a
block of text or from a character [1]. Connected components,
enclosed regions, lower and upper contours and fractal
features are features at character level to represent a
handwriting style [2].

Combining textural and structural features yields increased
writer identification rate [3]. Segmentation of a handwritten
document into components is essential for feature extraction
process. To obtain character level features, it is necessary to
segment the document image into characters.

Historically, recognition started with position-based, pixel-

oriented segmentation methods, and the current approach is
pattern orientation. Pattern- oriented methods have made it
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possible to segment written characters and even touching
handwritten characters more flexibly [4].

The ten official Indic scripts - Devanagari, Tamil, Gurmukhi,
Kannada, Telugu, Guajarati, Bengali, Oriya, Malayalam and
Urdu - most of which have not seen much targeted research
in human language technologies, regardless of the large
number of users. Tamil, the native language of Tamil Nadu
state in India has several million speakers across the world
and considered as an official language in countries such as
Sri Lanka, Malaysia and Singapore.

In this paper, a method based on connected components is
proposed to segment a Tamil handwritten document image
into characters. The paper is organized as follows. In Section
2, the characteristics of Tamil script are presented. In Section
3 the related work is discussed. In Section 4, the proposed
work is explained. Section 5 exhibits the results and Section
6 concludes the work.

II. CHRACTERISTICS OF TAMIL SCRIPT

The Tamil script is written from left to right. It has 12 vowels
“uyireluttu” or "soul-letters™), 18 consonants (“meyyeluttu”
or "body-letters") and one special character (“ayutha eluttu”).
The complete script, consists of the 31 letters in their
independent form and an additional 216 combinations
(“uyirmeyyeluttu” or “soul-body-letters”) for a total of 247.
The combination letters are formed by adding a vowel
marker to the consonant. Some vowels require the basic
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shape of the consonant to be altered in a way that is specific
to that vowel. Others are written by adding a vowel-specific
suffix to theconsonant, yet others a prefix, and still other
vowels require adding both a prefix and a

suffix to the consonant.
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Figure 1: a) Tamil Vowels

5]
| B

Blolls st Zid s

‘E'E’m o
I g.lq-g. @

B2
8068¢8

Figure 1: b) Tamil Consonants
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Figure 1: c) Sample Combinational Characters

I11. RELATED WORK

Segmentation of handwritten text document into lines, words
and characters is one of the most important and challenging
tasks in handwriting analysis. Segmentation of individual
characters is a straightforward process when characters are
well spaced. This problem becomes much more difficult
when characters are touching or overlapping.

Richard G. Casey and Eric Lecolinet presented a review on
character ~ segmentation  strategies. =~ The  character
segmentation methods are classified into i) Classical
approach ii) Rule based iii) Hybrid iv) Holistic approach [5].
The classical approach partition the image into sub images
which is called “dissection”. The second class of methods
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avoids dissection, and segments the image -either by
classification of prespecified windows, or by classification of
subsets of spatial features collected from the image. The third
one is a hybrid of the first two methods. Holistic approaches
recognize entire character strings as units.

Bansal and Sinha proposed a two pass algorithm for the
segmentation of Devanagari composite characters into their
constituent symbols [6]. The algorithm is based on structural
properties of the script. In the first pass, words are segmented
into characters. Statistical information about the height and
width of each divided component is used to hypothesize
whether a component is composite. In the second pass, the
hypothesized composite components are further segmented.
The algorithm is designed to segment a pair of touching
characters.

Munish Kumar, M. K. Jindal, and R. K. Sharma applied
vertical projection profile and water reservoir based
technique for identification and segmentation of touching
characters in handwritten Gurumukhi words. Touching
characters are segmented based on reservoir base area points
[7]. Saba et al. Provided a survey on methods for touching
character segmentation. They divide the touching character
segmentation techniques into two classes that perform
explicit or implicit character segmentation [8].

Ye Xiangyun, Mohamed Cheriet, and Ching Y. Suen
proposed a stroke model to depict the local features of
character objects as double-edges in a predefined size. This
model enables to detect thin connected components
selectively, while ignoring relatively large backgrounds that
appear complex [9]. Sridevi and Subashini presented a
method in which connected components algorithm is
combined with nearest neighborhood algorithm to segment
the characters of ancient Tamil scripts [10].

Vassilis Papavassiliou et al. presented two approaches to
extract text lines and words from handwritten document. The
line segmentation algorithm is based on locating the optimal
succession of text and gap areas within vertical zones using
Viterbi algorithm. A text-line separator drawing technique is
applied and then finally the connected components are
assigned to text lines [11].

Dharmapryia C. Bandara et al. proposed an algorithm that
guarantees the segmentation of individual handwritten
character skeletons into meaningful segments, avoiding the
problems of over-segmentation and under-segmentation [12].
Mamatha and Srikantamurthy proposed a segmentation
scheme for segmenting handwritten Kannada scripts into
lines, words and characters using morphological operations
and projection profiles [13]. Siddhartha Banerjee et al.
proposed a segmentation algorithm based on region growing
for extraction of characters in a bank cheque [14]

142



International Journal of Computer Sciences and Engineering

He Lifeng et al. presented the importance of connected
component labeling process. Connected component labeling
is indispensable for distinguishing different objects in a
binary image, and prerequisite for image analysis [15].

The study of related work reveals that segmentation of
individual characters is a direct process when characters are
well spaced. As Tamil Script is non-cursive in nature, the
individual characters in a word are isolated. Spacing between
characters can be used for segmentation. If the characters are
treated as objects, the connected component labeling method

can be applied for segmenting the characters.

IV. PROPOSED WORK

In this section, segmentation of unconstrained handwritten
Tamil script into characters is proposed. The method consists
of two phases, prepocessing and extraction of individual
characters. There is no standard database available for Tamil
handwritten samples and a database is created by own. The
writers were asked to write text lines in A4 size pages. No
constraints were forced regarding the content and use of pen.
Writers chosen were Undergraduate students of a College.
The scripts were collected and scanned using flatbed scanner
at a resolution of 300 dpi and stored as jpg format images.

Handwritten Document

!

Scanning Process

'

Document Image

'

Image Pre-processing
(Binarization, Noise Removal
with Median Filter)

v

Segmentation (Connected
Component Labelling)

v

Extraction of Characters &
Storage in a Database

Figure 2. Steps in Extraction Process.

Our character extraction methodology is shown in Figure. 2
which depicts various phases in segmentation and character
extraction.
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A. Preprocessing

Preprocessing techniques enhance the image features and
support for better feature extraction. In our attempt,
preprocessing techniques include the tasks such as
binarization and noise removal. Image preprocessing refers to
the operations on images at the lowest level of abstraction.
The aim of preprocessing is to improve the image data that
suppresses undesired distortions and enhances some image
features that are relevant for further processing and analysis.

The binarization process converts the grayscale image into
binary form which facilitates several tasks such as document
analysis, script recognition and character recognition.
Connected component labeling technique requires the image
format as binary. The grayscale image is converted to binary
form using Otsu’s method [16].
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Figure: 3 (a) Original document image
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Figure: 3 (b) Result after Preprocessing
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Noise can appear in a document image during the conversion
process and also caused by dirt on the document. Noise can
be removed by simple filters like median or morphological
operators. Median filter is applied to remove noise. Figure 3
shows the document image and its binary form after removal
of noise.

B. Connected Component Labeling

Segmentation is a process of distinguishing characters of a
hand written document, a crucial step as it extracts the
meaningful regions for analysis. In Document Image
Processing, four commonly used segmentation algorithms are
Connected Component labeling, X-Y tree decomposition,
Run-length smearing and Hough transform.

Connected component is a technique which assigns to each
component of the binary image a distinct label. The
background pixel is treated as 0 and foreground pixel is taken
as 1. The labels are usually natural numbers starting from one
to the total number of connected components in the image
[17] [18]. A connected component in a binary image is a set
of pixels that form a connected group.

The connected component labeling process scans the image
from left-to—right and top-to-bottom. On the first line
containing black pixels, a unique label is assigned to each
contiguous run of black pixels. For each black pixel of the
next and succeeding lines, the neighbouring pixels of the
previous line and the pixel to the left are examined. If any of
the neighbouring pixels has been labeled, the same label is
assigned to the current pixel; otherwise the next unused label
is used. The sequential algorithm for connected component
labeling requires two passes over the image.

Step 1: Scan the image left to right, top to bottom.
Step 2: If the pixel is foreground, then
2.1 If only one of its upper or left neighbours has a
label, then copy the label.
2.2 If both have same label, then copy the label.
2.3 If both have different labels, then copy the upper
label and enter the label in the equivalence table.
2.4 Otherwise assign a new label to this pixel and
enter this label in the equivalence table.
Step 3: If there are no more pixels to consider, go to

Step 2.
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Step 4: Find the lowest label for each equivalent set in
the equivalence table.
Step 5: Scan the image and replace each label by the
lowest label in its equivalent set.

The procedure to extract individual components in the image
is given below

Step 1: Find the number of connected components
in the Image.

Step 2: For each connected component

2.1 Find minimum and maximum row and
column values (Top-left and Right-bottom).
2.2 Store the component as separate image
using above mentioned values.
Step 3: Repeat Step2 until all components are
extracted.

V. RESULTS

Text lines from different handwriting samples from the
database [19] were considered for experiments of the
character segmentation. The procedure for connected
component labeling is implemented using MATLAB tool.
The characters extracted from a handwritten image sample are
shown in Figure 5.
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Figure: 5 (c) Extracted Character components

If the sample image contains combinational characters, this
method segments it into sub characters. This is shown in
Figure 6. In case of character recognition problems, this may
be a limitation. If physical features of characters are
considered, the sub components with least dimensions (dot
components) may be discarded and other sub components
(prefix or suffix components) can be treated as individual
characters.

INPUT IMAGE WITHOUT NOISE

% g prppl Py By

Figure 6: a) Input sample - Combinational characters
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image 1 images images
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Figure 6: b) Segmented character components
(Combinational characters subdivided into sub components)

VI. CONCLUSION

The issue of character extraction from handwritten document
images is still one of the challenging topics in the field of
document image analysis. This paper addresses the problem
of segmenting characters from Tamil handwritten documents.
Individual character components of document image is
required for extracting features to serve the purpose of writer
identification. The proposed method, segments the characters
by connected component labeling approach. This method
provides robust results and the characters extracted
successfully are adequate for writer identification.
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