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Abstract: An optimality of an automatic character
recognition for Tamil palm leaf manuscripts can be achieved
only by an efficient segmentation of touching characters. In this
article, the touching characters are segmented as a single
character to achieve an optimum solution by the recognizer in
Optical Character Recognition (OCR). The proposed method
provides a novelty in touching character segmentation of Tamil
palm leaf manuscripts. An initial process of separation of
background image and foreground characters is applied on the
palm leaf images by filtering and removing unwanted pieces of
characters by noise removal methods. The thickening process
overcomes the difficulty of small breakages in the characters.
The aspect ratio of the character image can be used to categorize
the character such as single or multi touching. Single touching is
divided by yet another ways such as horizontal or vertical
touching. Finally, the proposed algorithm for Horizontal and
Vertical character segmentation named as HorVer method is
applied on the horizontally and vertically touching characters to
segment as independent character. Experimental result produces
91% of an accuracy on segmenting the touching characters in
Tamil palm leaf manuscript images collected from various
resources and Tamil Heritage Foundation (THF). A novelty
method can be achieved in Tamil touching character
segmentation by the proposed algorithm.

Key words : Character segmentation, Pre processing,
Touching characters, Tamil character segmentation

I. INTRODUCTION

Tamil language accommodates one of the oldest
scripts of the world from 6" century BC. And the birth place
of those characters is believed to be Keezhadi, Tamil Nadu,
India. The shapes of Tamil characters have evolved from the
Greek characters. The script was named as “Tamili” earlier
and then called as “Tamil”. The writing style of the script is
from left to the right. The script has been categorized into
two such as vowels (Uyirezhuthu) and consonants
(Meiyezhuthu). The vowel has 12 characters and the
consonant has 18 characters. The combinations of those two
(UyirMeiyezhuthu) categories make 247 characters with one
special character “..” [1].
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Ever since the evolution of the language, the characters have
specific strokes as its forms. During the period of 17"
Century AD, the Christian preacher Constantine Joseph
Beschi named who was later known as ‘Veeramamunivar’
reshaped the forms by means of different strokes and shapes
to differentiate the short (Kuril) and long (Nedil) vowels. In
19" Century AD, the great reformer from Tamil Nadu E.V.
Ramasamy (Periyar) made changes on the shapes of the
characters which continue to date. Prior to the invention of
paper, an older civilization of Tamil people used to
document their

medicinal hints, information about architecture, astrological
ideas, and literatures on palm leaves because it was easily
available then in their land. Palm leaf is generally 3.5 cm
width and 35cm length as shown in  Fig. 1. While writing
on palm leaves, the writer holds the palm leaves on the left
hand and writes his right hand. The issue here is the way
stylus is held makes the difference in the forms of the
scripts. Unlike holding a pen with fingers and thumb, a
stylus is held while writing within the palm and the four
fingers. A stylus is a needle like pen with no ink made of
iron rods used to write on palm leaf. The writers write on the
palm leaf with minimum pressure without any punctuation
so as not to damage the palm leaf. While writing with a
stylus, normally the letters or words are written without
taking the stylus off the palm leaf and giving room neither
for space nor for punctuation. This makes all the difference
in the way the scripts are shown as touching characters [2].
OCR only recognizes single characters overlooking the
touching characters. Hence, character segmentation is an
important phase to provide an optima solution in
recognition phase. The touching characters are divided into
two types such as single and multiple touching. The single
touching characters are categorized further into two i.e.
horizontal and vertical touching as shown in Fig.2. When
the characters touch together with the same line characters
that is known as horizontal touching as Fig.2a and when the
characters touch with the subsequent line characters, they
are classified as vertical touching as shown Fig.2b. The
characters that touch both ways are called as multiple
touching characters as shown in Fig.2c.
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Fig.1 Image of Tamil palm leaf manucript
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Fig.1. Categories of Touching characters (a)
Horizontal Touching (b) Vertical
Touching (c) Multi Touching

[I. LITERATURE REVIEW

The Tamil characters have loops, crossings,
junctions and so on and so forth. These highly challenging
character segmentation tasks are based on feature extraction
using the global and local features. Gabor filter and co-
occurrence matrix is used to identify the texture of the
character and extracted the global feature. These character
segmentation and feature extraction of writings are used by
Support Vector Machine (SVM) [3], [4]. The Vertica
projection is used to split the words and sub images into
individual characters using Structure Based Character
Segmentation (SBCS). The Character Threshold is an
important part for the separation of the characters while
taking an account of width of the character [5]. The
characters are segmented horizontally by the template bank.
The boundaries are located in edges that are identified by
vertical segmentation [6]. The vertical projection profile is
calculated for thin images and smoothed using Gaussian low
pass filter with standard deviation. The segmentation path
can be identified through the projection lines retained that
controls an over segmentation of the characters [7]. The
multi factorial analysis is used to identify cutting point for
the touching characters by the measurement of dissimilarity
and aspect ratio with the five fuzzy factors [8]. H. Fujisawa
et al, introduces a pattern oriented segmentation method to
achieve through boundary box to separate the overlapping
strokes [9]. The image is known as decomposition by their
general features such as dissection method using contextual
knowledge by Richard G. Casey et al [10]. The word
segmentation based on Dominant Overlap Criterion
Segmentation performs to separate a stroke group. Besides it
and provides the special attention to spatia and temporal
features derived from the characteristics and detect the under
segmented stroke groups. The SVM used for feedback the
stroke group is based on the features to correct the wrong
segmentation in the Attention Feedback Segmentation [11].
The touching and broken characters are processed to
Sseparate by  Graph  Partitioning-based  Character
Segmentation method and it is generalised for multi level
writing style of Lamma Dhamma alphabet on palm leaf
manuscripts [12]. The character segmentation is categorized
by three ways such as ‘dissection’, ‘recognition-based’ and
‘holistic method’. The dissection methods have predefined
rules to obtain segmentation points and it is specifically
designed to use contour information [13].
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Fig.3 Architecture of HorVer algorithm

The remaining part of the paper has arranged as
Section Il provides the details of widespread character
segmentation methods used in Tamil and various languages
by means of a literature survey. The line segmentation
method done by the researchers in section |11 and proposed
method of touching character segmentation by HorVer
method is explained in section 1V. An evauation results is
dealt with in section V with the conclusion in section V1.

1. LINE SEGMENTATION

An OCR in palm leaf manuscripts starts with the
primary phase of line segmentation process. An Adaptive
Partial Projection (APP) method is used to identify the line
numbers and space between the text lines by a piece wise
projection method in Thai manuscripts. The second method
is known as A* Path Planning (A*PP) is used to identify the
touching and partially overlapping charactersin text lines by
heuristic way. The latter uses by means of various cost
functions in Thai and Khmer language manuscripts. In
Tamil manuscripts, both the above mentioned methods are
ineffective and they change the structure of the character.
The Dynamic Labelling Algorithm (DLA) is proposed by
the researchers. This method resulted in segmentation of text
lines with 96% of Recognition Accuracy (RA). This
provides an optimality in Tamil pam leaf manuscripts line
segmentation even the characters are deeply touching and
overlapping with the proceeding or succeeding line
characters[14].

V. PROPOSED METHOD

The character segmentation is the second major
phase in OCR of Tamil palm leaf manuscripts that proceeds
after the successful line segmentation process by DLA. The
pre-processing stage has image filtering, image sharpening,
morphology that are used to remove unwanted particles
other than the character present in the lines. Further, they
make the character stroke clear. The flow diagram in Fig.3
provides the step by step process of proposed HorVer
character segmentation method.
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Fig. 4 Segmentation of horizontal touching
character

Character Segmentation

In this article the character segmentation process
has divided by the following two ways.
1. Identification of Touching Characters

The weight of the character is measured by
connected component. A threshold value has fixed to
evauate the weight, when lower value gets than threshold
can be considered as single characters and it is automatically
separated without any complication. The greater value
considered as touching characters using the following factor:
Factor 1: An aspect ratio(ar) of the touching character is
larger than automatically separated single characters.
The above shown factor (f) is used to identify the touching
characters and that need additional efforts to produce the
single characters. The touching characters are defined by

fa=e?/(1+e?) D
where a= w/h, and w and h is the parameter of width and
height of the character. After identification of the touching
character, the latter is categorized as horizontal touching,
vertical touching and multi touching characters as shown in
Fig.2.

Table 1 Possible ways of Single touching
horizontal characters

TOUCHIN
CATEGORY | TYPE | 5o | EXAMPLES
1 { +FQ
- | T e
SINGLE
3
TOUCHING = &\o
(HORIZONTAL) 4 j)( F"?
5 7C (Y- o 2
6 4{ %

The value of a=w;>h; can be identified as a horizontal
touching and a=h;>w; fall under the category of vertical
touching characters. The multi-touching characters have
the observation of a=w,h,> wih;. An analysis of Tamil
palm leaf manuscripts gives an observation of maximum
possibilities on touching point between two touching
characters. That is consolidated in six ways of horizontal
touching asin Table 1, four ways of vertical touching as
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in Table 2, and two ways of multi-touching as listed in
Table 3.

Table 2 Possible ways of Single touching
vertical characters

TOUCHING
caTEGORY | TYPE | TRSHING | ExAmPLES
SINGLE 8 - "#
TOUCHING
(VERTICAL) o J I

o | A A

Table 3 Possible ways of Multi Touching

characters
TOUCHING
CATEGORY | TYPE POINT EXAMPLES
11 f 2
MULTIPLE
TOUCHING
e |2

2. Segmentation of Single Touching Character

The segmentation of touching charactersis possible
when fixing the cutting edge between the characters. The
cutting edge is defined as placing the segmentation point to
separate two joined characters. Type 1 to 6 in Table 1 shows
the possible ways of horizontal touching between two
characters.
The cutting edge is used for the above shown category
characters by calculating their weight in columns. They are
identified as the least weight that can predict as the touching
point of the characters and also it is considered as cutting
edge to segment the character.
For this category of horizontal touching characters as shown
in Fig. 4a, the cutting edge is vertical way because the
weight is calculated by the column of the character as shown
in Fig. 4b and the segmented characters are shown in Fig. 4c
and Fig. 4d.
The vertical touching character as discussed earlier in
section 4.1 can be identified by height of the character. The
type 7 to 10 in Table 2 shows the possible ways of touching
point in vertical touching characters as shown in Fig. 5a.
The cutting edge placed between the characters in least
weight is calculated by rows.
In vertical touching characters, the cutting edge is horizontal
as shown in  Fig. 5b and the segmented characters are
shown in Fig. 5¢c and Fig. 5d. Type 11 and 12 in Table 3
shows the possibility of multiple touching characters that
can be identified by horizontally touching with the same line
characters and vertically touching with the subsequent line
characters. The process of horizontal and vertical cutting
edge provides the touching characters to segment single
characters.
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Fig. 5 Segmentation of vertical touching character

V. EXPERIMENTAL AND EVALUATION
RESULTS

The HorVer agorithm is applied on line segmented
Tamil palm leaf manuscript images by Dynamic Labelling,
APP, A*PP agorithms. The proposed method identifies
horizontal, vertic and multi touching characters
successfully. Besides, it segments the characters as a single
character. The experimental values are evaluated by the
metrics of DR, RA, and FM based on MM, NN, and o2o.
These evauation criteria and tools are provided by ICDAR
2013 Handwritten Segmentation Contest.

An evaluation of this article by the metrics of one-
to-one (0To) match score, NN and MM [15]. oTo is
computed for a region par based on the evaluators
acceptance threshold. Let NN be the total number of ground
truth elements and MM be the total number of result
elements. An above said three metrics are calculated with
the oTo score.

The Detection Rate (DR) is defined by

020

VI. CONCLUSION AND FUTURE WORK

The present article sheds light on the character
segmentation of touching characters with the category of
‘horizontal touching’ and ‘vertical touching’ of Tamil palm
leaf manuscript characters. In this article, the comparison of
character segmentation method is applied on line segmented
images by a novel approach of line segmentation algorithm
named as Dynamic Labelling.

The proposed DL is invented by the researchers. The
|atter have used the DL along with two other recent methods
of line segmentation such as APP, A*PP algorithms. The
HorVer character segmentation algorithm proposed in this
article provides optimality about the ins and outs of
character segmentation in the Tamil palm leaf manuscripts
with 91% of Recognition Accuracy while APP and A*PP
provide 87% and 89% respectively from the same value of
NN. An overall performance of Recognition Accuracy in
character segmentation on line segmented images by APP,
A*PP, and Dynamic Labelling listed in Table 4.

The Detection Rate of the image and F-Measure shows
in Fig. 6 and Fig. 7. The image wise performance of DR and
FM isin Fig. 8 and Fig. 9.When the segmented character
structure is mismatched with the original structure of the
Tamil character, it may solve the mismatch by fixing the
least weight in various places on the characters and involve
them for continuous iterations in Convolution Neura
Network.
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Fig. 6 Comparison of HorVer Detection Rate with APP and A*PP algorithms
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Fig. 7 Comparison of HorVer F-M easure with other two algorithms
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