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Abstract— Extraction of lines and words from handwritten

document images containing skewed text is one of ehmost
difficult and challenging problem. In this paper, a new

deskewing algorithm leading to line and word segmeation

from an unconstrained hand written Kannada documens is
proposed. The method employs preprocessing, dilatiomnd

labelling the connected components of input imagesainitial

step. Then an intelligent technique is used to grguthe words
belonging to a text line. The extracted words areubjected to
removal of unwanted information that pertains to adacent

words. Further the skew angle computation and rotdbn

operation (when angle is other than zero) are perfmed for

purpose of deskewing of extracted words. Then deskex words
are intelligently written into new image without owerlapping of

words in text line. The method also takes care of tecting text
lines containing consonant modifiers. Inter word ad intra

character gap variations are also taken care at theme of word

segmentation by the proposed method. The method isauated

for 20 images having 166 lines and 823 words. A én
segmentation accuracy of 96.38% and word segmentati

accuracy of 92.10% is achieved. The method works éfiently

for document images containing skew upto four deges. The
method also works correctly even in the presence esonant and
vowel modifiers, compound characters and uneven spmg

between characters and words.

Index Terms— Connected components, Kannada hand written

document imagd_abels, Projection profile featureSegmentation,
Skew detection and correction.

I. INTRODUCTION

Human beings are perennial optimizers hence thegmathe
lookout of technologies for making their tasks easilo
fulfill such requirements automation is one of foeemost
tools. Automation systems are required for
applications that are essential in our daily rcaiti@®ne such
application is an optical character recognition f)Gystem
that identifies characters present in digital insagé either
printed or handwritten text. Such OCR systems fiadous
applications in the field of banking, security, dsystem,

mobile computing systems and so on. Generally t}}?

\VE:: 1[0}

recognition of unconstrained handwritten charactersan
OCR system is quite difficult as compared to pudnte
characters. This may be due to many challengesasisize
variations, variations of space between the charsctine
variation, and presence of skew, presence of ramideso on.
Many researchers have proposed various techniquesds
the development of efficient hand written recogmitsystem.
The literature survey indicates the existence fdamount
of work with respect to the recognition of Europé&arguages
and to a little extent for the recognition of Indilanguages
like Hindi, Bangla, Gurumukhi, Tamil etc, where as
comparatively less work is reported for Kannadayleye.
Therefore scope exists for the development of &iciefit
automatic handwritten recognition system for Karmnad
language. The handwritten recognition system caseprof
pre-processing, feature extraction and recogngttages. The
pre-processing stage performs digitization, skewedat®on
and correction, segmentation of lines, words aratatters.
The feature extraction stage is used to extractuthique
features from the pre-processed document imageallyin
character identification is performed by the redtgn
[classification stage. Amongst these, pre-procgssiage
plays an indispensive role for the satisfactoryqramance of
the later stages of hand written recognition systene of the
challenges faced by the pre-processing stage isritiag of
majority of people will not be in a straight linautbwill
generally have certain inclination. The inclinatianith
respect to horizontal is referred to as skew. Thistence of
skew in a document leads to difficulty in segmeataof lines
and words. Therefore, a proper deskewing mecimarss
required for reliable line and word segmentationhahd
written document to improve the recognition rateskewing
of hand written Kannada document is a difficult aad
challenging task due to presence of inflection ianKada
script. The Kannada script contains vowels, constsna

modifiers and also compound characters. The task of

segmenting the line from the document image is dif§icult

due to the presence of top and bottom modifierso A¥ord
segmentation is more challenging due to the varsizes of
characters as well as the varying inters a wordtlgapexists
etween the words. The next section describes dheus
methods for skew detection, correction and segrtientaf
lines and words which are reported in literaturet Khany

34



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353Volume 23 Issue 6 —-OCTOBER 2016 (SPECIAL ISSUE).

works related to deskewing and segmentation ofliaed
words from handwritten Kannada document image $oared
in literature. The proposed research addressesaiidssue
of deskewing and segmentation of lines/words ofllaitten
Kannada document. In this paper, a deskewing akgori
leading to line and word segmentation from an ustrained
hand written Kannada documents is proposed. Theoged
method employs preprocessing, dilation and labetimg
connected components of input image as initial. Siégen a
intelligent technique is used to group the wordstgng to
text lines. Further the skew angle computation @otdtion
operation (when angle is other than zero) are peedd for
purpose of deskewing of extracted words. Then destte
words are intelligently written into new image vatit
overlapping of words in text line. The method atskes care
of detecting text lines containing consonant medi Inter
word and intra character gap variations are alkenaare at
the time of word segmentation by the proposed nikthibe
methodology is evaluated on the document imageirong
handwritten Kannada text written by different p@soThe
document contains 166 lines and 823 words. Therdent
images are created by scanning documents usingRhiat
bed scanner with 300 dpi. The performance of théhatkis
found to be best in terms of segmentation of skeimed and
words of handwritten Kannada document images. Tétboal

components belonging to the same line. The peakeang
between the centroid of the connected componentdwii
treated as a skew angle. The method operates esth |
computational overhead. A new algorithm for skew alant
correction based on geometrical model and projectio
presented in [5].The method is experimented usiagdh
written English document. A method for skew angle
estimation of printed or hand written documentrssgnted in
[6]. It uses wigner-ville distribution for horizaadtprojection
profile. Atomic decomposition and energy distrilbus are
represented by using Wigner ville distributionanathod for
detecting and correcting the skew of printed doairsing
bilinear interpolation method is discussed in [Djscrete
cosine transform helps to reduce the computatime tnd
further the skew angle is detected by applyingdfthe four
guadrants of the image. An efficient and simplehodtbased
on boundary growing, thinning and moment to estintae
skew angle is presented. The method claims to Ise ihe
terms of accuracy, computational time and so on. [8
Discusses a novel scheme based on radon transfmrm t
estimate the skew. The method is experimented orepr
Kannada documents. The method claims to provideeibet
accuracy and execution speed. A robust methocefdrline
segmentation is proposed in [9]. the method geesra
modified histogram from the run length smearing.e Th

works well for segmentation of lines. However, thegroposed method separates lines and words of hangla
inconsistent spacing between the words and presefce Devanagari and Telugu scripts and results are [gingiiLine
broken characters may affect the performance ofdwoland word segmentation of document images using Roug

segmentation process. It is found that the accuodcthe
system is 96.38% for text line segmentation and @%. for
word segmentation. The method works intelligenthgrein
the presence of consonant and vowel modifiers aredan

transform technique is proposed in [10]. The teghaiis
experimented on the hand written as well as pridteiment
images. But the technique fails to segment linespeny
when there is a large and nonuniform separatidme$ and

spacing between characters and words. This paper eigen in case of narrow spacing between the limesr Bccurs

organized into five sections. Detailed literatunevey related
to the skew detection and correction and also itiee dnd
word segmentation is brought out in Section-2. iBae3
presents the proposed methodology. The experimergals
are brought out in Section-4. Section-5 givesciireclusion.

Il. LITERATURE SURVEY

The reliable and efficient skew detection and adioe

method is indispensible for the satisfactory perfance of
later stages of handwritten recognition system.eRehers
have been contributing various methods to developbast
and intelligent skew detection and correction sa®rfSome
of such techniques are summarized below. A nappfoach
to estimate the skew from the scanned Persian dauis
proposed in [1]. The method transforms the docunmeate

to the text block image using the connected complloneD

analysis and morphological closing followed by thimg

operations. Further rectangular patch covering tima is

subjected to the thinning operations. Then the skegle is
estimated from the slopes of the thinned linesalyorithm to
estimate the skew angle in a document image usimgghi
transform is presented in [2]. The method is expernited on
the document image containing Chinese text. a selimsed
on orthogonal projection to estimate the skew afrgia the
hand written english document image is proposef@ih The

author states that the method gives the same agcaxen
when itis applied to the different languages.imyde method
for skew detection is proposed in [4]. The methlodters the
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during segmentation of words due to the variatibrinter
character spacing between the words and also dubeto
existence of very closely spaced characters. A odketio
segment hand written text document into lines, woadd
characters is discussed in [11]. The peak vallagtp@f the
histograms are obtained by dividing text into \eatistripes
and are used for segmenting text lines. Segmentafidhe
words are achieved by employing the vertical prigec
profile and structural features. Narrow spacedraittars
(touching characters) are segmented using waterves,
structural and topological features. The method Ibesn
experimented on oriyan text. A robust segmentatiethod

for handwritten word is presented in [12]. The noelthvorks

on Arabic words. The extraction of words is achdvsy
finding peak segment borders from chain code aetesin.

A text line segmentation based on Hough transfosm i
resented in [13]. The technique is experimentechamnd
written English and Hindi text. A robust schemesegment
line, word and characters of bangla language isritex in
[14]. Water reservoir principle is employed for semtation
purpose. a new approach uses neighbourhood tracing
algorithm and projection profile to extract chaeastfrom the
word. The method is examined on hand written Degaria
document. From the literature survey, it can beuded that
most of the work that has been reported on segtiemtaf
lines and words of documents pertain to roman/ehgcript
documents. Few works have been reported on Indian
languages like bangla, Tamil, Hindi and so on. Hevenot
much work is reported in segmentation of skewedsliand
words of document images containing Kannada script.
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Therefore there is a scope towards the developaigrbper
deskewing mechanism for reliable
segmentation of hand written Kannada document toore
the recognition
deskewing algorithm leading to segmentation ofdimad
words from handwritten document images is describete
ensuing section.

. PROPOSEIMETHODOLOGY

The proposed deskewing method leading to linevemd

segmentation from an unconstrained hand writtennidela
document image consists of following processiepstsuch
as preprocessing, dilation and labelling, groupifigyords of
text lines, deskewing of words belonging to a téx and
inserting words to the new image. The descriptibaach of
these stages is given in the following subsecti@hg. block
schematic diagram of the proposed method is givéigure 1

(" pertorm diaton )

Perform dilation

Grouping of
operation on the P9

) C ) words
Conversion to input image and belonging in to
gray scale and label the connected the text lines

components
(where a
connected
component is a
word of
characters)

then to the binary
image

Image
containing
Hand written
document

Extraction of
words each
text lines

Deskweing of words by
computing orientation
angle 6 and rotating it by
—0 (whenf is not equal

Insertion of
words into
new image

Extracted
Textlines and
words

Figure.l1. Block schematic diagram of the proposethod of deskewing
text line & word segmentation model.

A. Conversionto Gray scale and Binary image

The document image is to be processed to extrecline
and words. First the image is converted to gralesosage,
which is thresholded to obtain a binary image.

B. Dilation and labelling the connected component

For the purpose of proper segmentation of linesvandls,
the determination of skew (orientation) angle pnése the
hand written text document is important. The argge be
determined by considering individual character solated

the variation of the orientation angle betweentlweds. A

line and wordgample input image containing handwritten Kannadk is

shown in figure 2a. The better option is to use dviw

rate. The proposed methodology fatetermine the skew angle. For this purpose, thatiaii

process is performed on the binary image so tleaivtbrds in
the document become connected components andvig $ho
figure 2b. Further the dilated images are labeNetich are
used in further processes.

Figure 2a. A handwritten  Kannada text line

sample
Figure.2b A sample dilated image of figure 2a

C. Grouping of words

The labeling process assigns the labels columnsase this
stage, a new technique to identify the words betan¢p a
text line is employed. For the sake of grouping wwds,
every dilated component is processed to find thentary
coordinates such as rmin, rmax, cmin, cmax andth&séabel
number. Where rmin is the minimum row, rmax is maxin
row, cmin is minimum column, and cmax is the maximu
column.

The boundary coordinates for all the connected @omapts
are stored in the information base IB. The rmiluean a set
of boundary coordinates represents the positiavood in the
document image and this can be used for groupingoods
belonging to same text line. Hence in this workew
mechanism is devised that exploits the rmin valtas
grouping of words belonging to text line. Initialgorting
operation is done on all the values of rmin attiéband stored
in the new vector KB1. By comparing absolute défere of
two successive rmin values with the experimentaeoked
threshold value (79), the words are grouped ifiloedrow. If
the difference is less than the threshold thenrtiie value is
stored in the same row of matrix KB2. Otherwiserrwélue
is stored in the next row of the matrix KB2. Thegedure is
repeated for the remaining dilated components. grbaped
words belonging to text line is shown in figure 3.

D. Extraction of words

In this stage, words belonging to the text lineniified by
the row element of matrix KB3 are

Figure.3 A sample image comprising words belonging text line
Extracted to determine the skew. The extractiorcgse is
achieved by applying the boundary coordinates theemput

word or entire line as a image. Each of theseagmhes have gocument image as indicated below.
some advantages and disadvantages. Finding or@ntat

angle by using individual character creates conifyléx the
process of saving images as a word due to the noesef
compound characters. On other hand determination
orientation angle for the entire line creates &adalifty due to
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E. Deskewing of words

lof this stage computation of the orientation (skangled for
the labeled component is carried out. If is nota¢qa zero
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then is rotated by an angle od.—The figure 4a shows theThe proposed deskewing algorithm leading to éind word
word containing skew and deskewed word after nagatly an segmentation is implemented and tested on handewrit
angle of -0 is shown in figure 4b. Kannada document images. The document is writter\®n

size plain paper in an unconstrained manner. It omatain

' top, bottom and base modifiers and also includespoond

characters. Such document is used to evaluate ytens

performance. The document is scanned on a hp scaiithe

_- resolution of 300 dpi. The images in bmp formateargployed.

A sample document image having the skew is shoviigime

7. The document containing skewed line is deskeustdg

proposed novel deskewing algorithm and is showfigime 8.

The words are segmented using horizontal projeqtiafile

features. The image contains 166 lines and 823 av@de to

the unconstrained writing, the document may hawvelkss

Figure 4a Skewed sample image within the lines, uneven spacing between words@edence
Figure.4b A deskewed sample image of Compound characters..

=

|

F. Insertion of wordsinto a new image

During the process of deskewing of word, coordinatieies
of deskewed image may alter. Therefore, care srtak this
stage to avoid the overlapping of words in to a maage by
comparing the boundary coordinate cmax of previvasd
with the cmin of current word image. If (cmax isdethan
cmin) then cmin is updated as below.

Cmin,, =cmaxj+constant. 1<j<=wc (2)

The words/connected components belonging to ditexare
regrouped on a new image by making all the rmiraétputhe
minimum amongst all the rmin values of the compésen
belonging to the text line. The other parametersthaf
component are accordingly translated using deskpwin
process so that all the words/connected compotientis the
same horizontal row.(refer figure 5,6a and 6b).

Figure 7 . Skewed document Image
Figure 8. Deskewed document image

Initially the hand written Kannada document image
_ _ _ undergoes dilation operation after preprocessiten the
Figure.5 A sample image containing words labels are assigned to the connected componentshwhi
location due to the skew facili he id ificati f th ds bel .
Figure.6a. A sample image containing words posiibrat same row acl !tate t.e Identification o .t el words 60”9'”“)
location particular line and are shown in figure 9 and fegd 0
After deskewing respectively.

posétrat at different

The procedure is repeated for the remaining wofd®xi
line. Figure 6b shows image containing words sidaat
same position.

Figure.6b A sample image containing words beloggim text line after
deskewing

Figure 9. A sample of dilated hand written kannald&ument image
The procedure repeats for the remaining text lifidge  Figure 10. Labellechandwritten kannada document image

detailed experimental analysis is provided in teetisection _
The boundary coordinates of each of the labelled

IV. EXPERIMENTATION components are computed and updated in the infaxmbase
) IB=[IB:rmin,rmax,cmin,cmax,rmax,centroid,label nueth

The information base is shown in figure 11.
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4" row 11 17 23

5™ row 4 10 16 20 25

6™ row 5 12 19 27

7" row 6 13 22 26

Once labels related to a line are identified, tloeds in a text
% line are obtained. Further determination of skewgle for
labelled component is carried out. The challendgasd is to
identify whether line is having positive or negativ
inclination. To solve these problems, considerdieest and

Further the information base is sorted using rmsikey. The highest label among the labels of that partictitee.|Check
sorted values are stored in KB1[] and shown inrigle. rmin between these two labels. Fix the lowest rasitiop row

Figure 11. Information base of sample input imagetaining boundary
coordinates

=G i Eastos — FcEs

[E===T —  — TEem | Stk : = Y - bbbt tindit bl
= = image, the-boundary: coordinates of-that word-aeeldicom
information base using label number. Further thensingle
computation and rotation operation (when anpgethigrothan
zero ) are performed for the purpose of deskewifig o
extracted words. The deskeWwed word is written thionew
image. Update the cmin of the next label so asvimda
overlapping of —components.Further —deskewed words
belonging-to the text line—are regrouped b {makilhgrain
equal to the minimum amongst all the rmin valueghef
Figure 12. Information base of sample input imegetaining sorted rmin -~ components belonging to a text line. The otherpatars of
the components are accordingly translated to tis&edeng
Then labels that are belonging to particular liree a process so that all the words/connected comporiest®n
grouped by comparing successive rmin with threshiihe the same row. The text line is intelligently written to new
threshold is selected through the experimentatitime label ~ image. The procedure is repeated for the otherlléabe
belonging to the each row is identified and is shawTable 1. components.
The proposed methodology is implemented on Matlab
TABLE 1. THE IDENTIFIED CONNECTED COMPONENTS BELONGING TO  goftware and evaluated for handwritten Kannada text
DIFFERENT ROW document images on Intel Pentium processor (2.1GHz,
830MHz FSB ) computer. A sample line and word segme

st
Lrow 89 | 109 | 158 217 are shown in figure 13 and figure 14.
(rmin) . . .S . . . .
nd Tow Care is taken to avoid this kind of undesirableiinfation in
(rmin) 344 | 390 | 420 | 461 | 478 this proposed work by employing dilation and label

assignment i.e, when labels are more than one gmttains

3rd row | 661 | 677 other undesirable information.So technique is useektract

4 row 100 | 10957 | 1055 desired word only. Find orientation angleRotate it by an
2 angle-9 in the case when andlés not equal to zero. Place the
5" row 158 1323 | 1340| 1390 1411 the content in a new image with lowest rmin amohg t
labelled components of that current line. Updatedmin of
6" row 1(130 1651 | 1685| 1726 next label so as to avoid overlapping of componenhtse
T row 101 procedure is repeated for the other labelled corpitzn Once
3 | 1962 2015 2049 the line is extracted then proceed for the segrtientaf the

word using horizontal projection profile. Set theashold by
The computation is done to identify the correspogdabels €OmMparing gap that exists between inter characterimter
and is shown in Table 2 word to identify word. The proposed methodology is
implemented on Matlab software and evaluated for
TABLE 2. THE IDENTIFIED CONNECTED COMPONENTS LABELS BELONGING To handwritten Kannada text document images on Ireetim
DIFFERENT ROW(ROW WISE) processor (2.1GHz,830MHz FSB ) computer. A sampk |
and word segments are shown in figure 13 and figjdre

1 row 1 8 15 24
2" row 2 9 14 18 21
39 row 3 7
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el . BN

lines.

(Tistat. G ® -
Figure 14 Sample Hand written Kannada document éweith segmented
words

The proposed deskewing approach is evaluated

handwritten Kannada document images containiltigibés

v

and 823 words. A sample test document image is show

Figure 7. The average line segmentation accura®p &8%
and word segmentation accuracy of 92.10% is gelidy

method is found to be efficient in segmentationskéwed
lines and words. The method works well for segnteniaof
lines containing variability of skew upto 4 degee® also in
presence of compound characters. However, the sistent
spacing between words and broken characters megt dffe
performance of word segmentation process. The diné
word segmentation results are shown in Table.3

Table.3 Overall system performance of the proposethod

#segmented
#lines in text lines using | Accuracy of the
document image§ proposed | proposed method
method
166 160 96.38%
#segmented
#words in text WO'I’ ds Accuracy of the
. using
document imagesg proposed method
proposed
method

39

823 758 92.10%

The results of text lines segmentation is givetheFigure
15.

96.38
I T

line

S2.1

word

90
80
70
60
50
40
30
20
10

Figure 15. Overall result of proposed method fgnsentation of lines and
words.

V. CONCLUSION

In this paper, a deskewing algorithm leading te md word
segmentation from an unconstrained hand writtennidela
documents is presented. The method employs anigets
technique to group the words belonging to text.limbe
identified words are extracted and stored in aineage. Care
is taken to remove the unwanted information attiime of
extraction of words by bounding box approach arsib &b
avoid the overlapping of words during the storingai new

ﬂﬂage file. Similarly the method works efficienitydetecting

the orientation and in deciding the deskewing efdhented
word and also in storing words in a proper aliglee. Even
with the variation of character size and also preseof
consonant and vowel modifiers, the proposed lire: v@ord
§egmentation method gives good performance. Tlategxie

of space resemblance between words and charactitrs w
affect during word segmentation process. The pregos
methodology is experimented on hand written Kannada
document images written by different people witffedent
skews. It gives line segmentation accuracy of 96:3&nd
word segmentation accuracy of 92.10 %. The methéalind

to be efficient as results in Table.3 demonstraies the
method reliably segments 160 lines from 166 lime$ a 758
words from 823 words. The proposed method segmibats
lines and words from the documented image having fo
percentage of skew. Further it is planned to ektthe
compound characters as well as isolated characters.
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