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Abstract: Problem Statement: Handwriting recognition has attracted voluminousegch in recent
times. The segmentation and recognition of the agttars from handwritten scripts incorporates
considerable overhead. Almost all the existing katiten character recognition techniques use neural
network approach, which requires lot of preproggssind hence accomplishing these problems using
neural network is a tedious taskpproach: In this study we propose a novel solution for perfing
character recognition in Tamil, the official langeaof the south Indian province of Tamil Nadu.
Pursued by the preprocessing techniques, Segnamtdfiormalization and Feature Extraction the
approach utilizes octal graph conversion for reegg off-line handwritten Tamil characters which
improves the slant correction. The graph triesefmresent the basic form of a letter independettief
style of writing. Using the weights of the graphsdaby the appropriate feature matching with the
predefined characters, the written characters ecegnized Results: The performance evaluation of
off line handwritten Tamil character using octadgjn conversion and the metrics based on rankseof th
letters proves good Recognition Efficien@onclusion: We show that, in practise, the proposed
approach produces near optimal results besidesedotming the other methodologies in existence.
Results indicate that the approach can be usethfmacter recognition in other Indic scripts aslwel

Key words: Optical character recognition, hand written rectignj segmentation, normalization,
slant correction, feature extraction, octal graphversion

INTRODUCTION deals with the recognition of optically processed
characters rather than magnetically processed @@R.

Machine simulation of human functions has beerisaa process of automatic recognition of charachsrs
very challenging research field since the advemligital computers in optically scanned and digitized pages
computers. In some areas, which entail certain atnolu text . OCR is one of the most fascinating and
intelligence, such as number crunching or chesgrmia challenging areas of pattern recognition with vasio
tremendous improvements are achieved. On the offerctical applications. It can contribute immengelyhe
hand, humans still outperform even the most powerfidvancement of an automation process and can improv
computers in the relatively routine functions sugh the interface between man and machine in many
vision!, applicationd® .

In this Overview, Character Recognition (CR) is an Character and handwriting recognition has a great
umbrella term, which has been extensively studiethé potential in data and word processing for instance,
last half century and progressed to a level, sefficto automated postal address and ZIP code reading, data
produce technology driven applications. Now, thequisition in bank checks, processing of archived
rapidly growing computational power enables thestitutional records and more. Combined with aespe
implementation of the present CR methodologies agyhthesizer, it can be used as an aid for peopte avh
also creates an increasing demand on many emergisgally handicapped. As a result of intensive aesle
application domains, which require more advancedd development efforts, systems are available for
methodologies. Optical Character Recognition (OCRhglish languagé®® Chinese/Japanese languaded
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and handwritten numerdi®'*. However, less attentiondigitizer or PDA, where a sensor picks up the ppn-t
had been given to Indian language recognition. Somevements X(t),Y(t) as well as pen-up/pen-down
efforts have been reported in the literature féwitching. That kind of data is known as digitak iand
Devanagari®, Tamil ™ and Bangla*® scripts. The can be regarded as a dynamic representation of
need for OCR arises in the context of digitizingrila handwriting. While the input of OCR is usually eeti
documents from the ancient and old era to the tlaté9cuments, the input of handwriting recognizers ban
which helps in sharing the data through the Interne ;T'[g?_lg]a”dwrme” documents or small snippetsigita

Tamil Scripts: Tamil, the native language of a southern Off-liné processing is able to use only snapshbts
state in India, is one of the old languages in wueld the handwriting without time information. From diifie

data, we do not have information on the order rafksts
the user has used to write the character. It ire®lthe
automatic conversion of text in an image into lette
odes, which are usable within computer and text-

has several million speakers and is an officiableage
in countries such as Sri Lanka, Malaysia and Siagap
It has been influenced by Sanskrit to a certainrekeg

But Tamil _is _unrelateq to the _desqendents °f.Sw‘SE ocessing applications. The data obtained by fthis
such as Hindi, Bengali and Gujarati. Most Tamitded ;5 oo ded as a static representation of handgriffhe
have circular shapes partially due to the fact thay eihoq we chosen are comparatively difficult foflioé
were originally carved with needles on palm leav@spangwriting Recognition. Because Recognition of any
technology that favored round shapés _handwritten characters with respect to any language
However, the case of Tamil is relatively simplejifficult, since, the handwritten characters diffet only
compared to other Indian scripts: the rules forrat@r from person to person but also according to thee sif
composition are far fewer than in other Indiangisti ~ mood of the same person. Among different branclies o
Tamil has a large alphabet size, whichs b2 character recognition it is easier to recognize lighg
vowels, 23 consonants and one special characte). (Adfphabets ?® and Numerals ?*?? than Tamil
Vowels and consonants are combined to form compostaracteré®?4,
letters; making a total of 247 different charact&tsThe The process of handwriting recognition involves
only category of composition allowed is of Consdramrxtraction of some defined characteristics calkstiures
Vowel type, where a structure corresponding to t@classify an unknown handwritten character ime of
consonant and another corresponding to vowel @@ known classes. A typical handwriting recogmitio
combined to form a C-V type character with a unigggstem consists of several steps, namely: prepsoggs
shape. Even this composition does not occur fo€Call segmentation, feature extraction and classification
combinations. In many cases the vowel modifier appeSeveral types of decision methods, including stesik
as a horizontally isolatable structure and hengeeRtry methods, neural network®”, structural matching (on
through QWERTY keyboard is cumbersome. Thees, chains and more) and stochastic processing
penetration of Information Technology (IT) becomgMarkov chains and more) have been used along with
harder in a country such as India where the mgjoeiad different types of features. Many recent approaches
and writes in their native language. Thereforebéng several of these techniques together in order taimb
interaction with computers in the native languagéd m improved reliability, despite wide variation in
a natural way such as handwriting is absolutegndwriting. So we proposed a new approach, which
necessary. solves the problems faced by existing approachbes. T
main advantage of the proposed system is which
Handwritten Character Recognition: Handwriting overcomes the problem of slant correctih Slant is
recognition inherited a number of technologies fropme of the characteristics that make handwritingiéra
Optical Character Recognition (OCR). The maig process automatically than printed text. Thentsla
difference between handwritten and typewrittesdrrection is so perfect that it recognizes charact
characters is in the variations that come wifritten upside down too. Also the recognition ighiy
handwriting. It is also worth noticing that OCR feascalable.
with offline recognition while handwriting recogitit

may be required for both on-line and off-line silgna MATERIALSAND METHODS
(On-line means that data is captured as it is evwritFor _
offline, all the data is collected before procegsitarts). The proposed approach ventures a solution for

On-line handwriting recognition involves th@ffline handwritten recognition, which converts teéer
automatic conversion of text as it is written ospeecial written into an octal graph, by representing eagk|!f

510



J. Computer i, 4 (7)

the given character as a node of a graph. Each nasle
eight fields so termed as octal graph. The graigs to
represent the basic form of a letter independerthef
style of writing. Using the weights of the graphaiey
the appropriate feature matching with the predefine
characters, the written characters are recogniziegire

1 shows the octal graph representation of a Tarr
character. An octal graph unlike a normal graph &as
node with eight pointers and a data field. Basedhen
neighbouring pixels the pointer values are assigied
the various fields of the octal node. These octales
are connected to the other nodes based on théhtides
value. Figure 2 shows the Octal Node Representation
a Tamil Character.
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Fig. 4: Recognition sequence diagram

Segmentation: Text line segmentation is an essential
O—0) i pre-processing stage for off-line handwriting reditign
in

It

many Optical Character Recognition (OCR) systems
is an important step because inaccurately setgden

text lines will cause errors in the recognitionggtaText
line segmentation of the handwritten documentstils s

CB one of the most complicated problems in develoging
reliable OCR*".

Fig. 1: Octal graph representation of a Tamil cbema
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Handwriting text line segmentation approaches can

be categorized according to the different strategsed

s | | (28131 These strategies are projection based, smearing,
Na | DaTA | N grouping, Hough-baset?, graph-based and Cut Text
v | wa Minimization (CTM) approach®**! Fig: 5 show the

Segmentation representation of a character.

Fig. 5: Segmentation

The segmentation process separates the individual

Fig. 2: Octal Node Representation of a Tamil Charac characters from the given input and the consecustigps
are as follows:

Recognition Algorithm: The main objective of the
architectural design of the recognition algorithentd
segment the characters accurately and efficienty a
then converted the handwritten Tamil characteran t
octal graph. Figure 3 show the architectural design
Figure 4 shows the Recognition sequence diagram.

S EGMENTATION HORMALZATION FEATURE FEATUEE
EXTRACTION MATCHIN G

Fig. 3: Architectural designs
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Assign a number for each pixel with the top leftlan
assign a number 1 for that pixel and move row by
row

If the pixel is unvisited and it has a visited piss

its neighbour, assign its number to the currenglpix
In case of more than one visited neighbouring pixel
break the tie by choosing the least number. Also fo
an unvisited pixel with no visited neighbour, assig
the next number to the pixel and continue till all
pixels are assigned numbers
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In the end, assign the same number for all thivarious dimensions into fixed dimensions. Thhe t
continuous patterns by traversing each pattern dgrmalized image map is subject to cleaning to r&mo
DFS or BFS. Now each letter is assigned a unicgugy pixels such that no pixels that form a singte |
numbers and can be separated with those numbetsave more than two neighbouring set pixels. Thioise
by looking for pre defined pattern of pixels and

Conversion of Input into Octal Graph: The input removing them for cleaning. Normalisation of a
character is converted into an octal graph by Wil character is shown in Fig: 6.

steps: Normalization, Conversion, Identification of
weighing factors and Feature matching.

=

Normalization: Before feature extraction, a number of
normalization operations are applied to a text.lifbe
normalization operations are slant correction, kvidt
normalization and vertical scaling. It was pointedt
in®® that these operations are important to achievk hig
text recognition rates. Because a high text redimgni
rate implies a high writer identification raté”*!

=
—

Fig. 6: Normalization

normalization is expected to be beneficial not ofdy Octal Graph Conversion: The algorithm us_ed fo_r
- . o converting the image into an octal graph is critica

text recognition, but also for writer identificatioOn the because the octal graph should represent the ésatir

other hand, it can be argued that normalization {3 |etter to a good extent. There are two factbet

pOtentially harmful to writer identiﬁcation, becsai the represent the extent to which the graph represants

slant, the character width and the proportions betw |etter. They are:

ascender, middle and descended zones of a text line

contain writer specific information.

The distance between two nodes should be high
enough to represent the features of the letter
correctly and also low enough not to take up much
memory

The number of directions in which linkages are

possible is chosen as eight. This is because the
number of directions in which the linkages are

possible must be high enough to express the
curvature of the letters correctly. Also it must be

Slant correction: First the normalization operation
applied to a text line and the goal is to bring the
handwriting into an upright positiofi”. To correct °
the slant, the angle between the actual, quasicaért
strokes and the y-axis has to be known. To caleulat
this angle, the angle distribution of the writing’s

contour points is accumulated in an angle histogram
The maximum value of the histogram is the slant
angle. This angle is then used to normalize thet sla
of a text line.

low enough to avoid a highly sparse direction
pointer array

The normalized image is then converted into an

Width normalization: The goal of this operation isoctal graph by considering the following steps:

to scale the width of a text line so that the agera
character length is normalized. :
Vertical scaling: In that a text line can be divided
into three zones: a zone containing the ascenders,
the middle zone and a zone containing the
descended. Our goal is to normalize the height of
each of these three zones to a fixed size. This
normalization is important in order to reduce the
variability of the features

Count the number of set neighbouring cell of each
set cell and Push all the cell locations that have
more than two neighbours or only one neighbour
into a queue

If no elements are inserted into the queue, irtbert
top left cell into the queue and make all theséscel
in the queue as nodes of a graph

Repeat the process continuously for all set cHlbs.
cell has no unvisited set cell and none of its
neighbouring cells are nodes, make the cell asna ne

While normalizing images of various sizes into a pode
single standard size, there may be unwanted ptkals « Repeat the process till no new node is created in
are set in a single stroke. This, if passed tathd stage iteration and connect all the nodes created so far
as such, would result in complications in octalpjra  with proper direction linkages. Below Fig: 7
construction. Normalization is the conversion ofies represent the octal graph formation.
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weighing factors. Compare the level of confidende o

Fig. 7: Octal graph Formation

factors of the input graph are identified. Thislutes
the loops, horizontal lines, vertical lines andoso This
weighing factor helps in finding the desired matct
between the input graph and the character that tha
repository. ldentification of weighing factors of a
character is shown in Fig: 8.
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Fig. 8: Identification of weighing factors

Feature Extraction: A feature that varies from one
individual writer to another is the slant of the
handwriting. Training a classifier on writing thhasn't
been slant corrected may require significantly mor
effort and training data. Consequently, slant reahas
an operation that is found in almost any handwgitin
recognition system. A large number of features fo
isolated character recognition and
extraction methods have been proposed. They inclui
moments and quantities derived from series expansic
features based on projection profiles and on th
contouF?, as well as structural features such a
endpoints, fork points, holes, length, shape, ovature
of individual strokes that occur as part of therelger
under consideratiét*?

Feature Matching: Match the input graph with that of
the character in the repository by considering ousi
factors such as loops, horizontal lines, vertigad and
more. Compare the weighing factors with that of th
characters in the repository. Exchange the values o
similar weighing factors and compare again these
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correspondin| 2 j+

The result with the highest level of
is displayed as the result. The major

decisions that are to be taken when considerintufiea

o each level.
o o} confidence
- Oo_,oO © o, o _
o matching are:
) Q o O

The features that are to be considered for matching

The wei

ght that is to be given to each feature

Thg ac_tivity diagram of the proposed approach is
Identification of Weighing Factors The weighing Shown in Fig. 9.
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CONCLUSION
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experimental results show that the accuracy islyreal
improved than the previous study.
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