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ABSTRACT

In document image analysis, Text line segmentasane of the key components. The segmentatior logi
presents essential information about skew cormectione segmentation, and character recognitior. Th
method of document image segmentation into texslifor printed text has seen numerous contributions
from fellow research scholars, yet there is scagetfemendous improvement. The key challenges for
handwritten document are due to writer movemend, ititer-line distance changeability and incoherent
distance between the components that may diffees@may be directly by segments, or curved. The are
of handwritten segmentation has seen few modely;feg of the research paper are proposed for It
skew segmentation model and hence the stimulusiedwritten south Indian languages. Consequently, a
better text line segmentation technique for souttiadn Tamil language is proposed in this paper. The
processing of Tamil language is very crucial fadiecause the Tamil letters are in crucial shapdstan
harder to segment the touching lines and letters the Tamil image documents. The challenges pt@sen
Tamil language process and the existing text liagngentation methods has been improved by our
proposed method, which utilizing two major tech@guamely, sliding window and adaptive histogram
equalization. Our proposed text line segmentatemhnique initially performs the preprocessing pssce
and these preprocessed document images are givihe tadaptive histogram equalization. During the
histogram equalization process, the document imémdscharacters are enhanced to view the chasacter
more accurately. The enhanced image text linesegenented by utilizing the sliding window operation
For accurate line segmentation, the skewing omeras performed on the line segmented result images
The implementation result shows the effectivendsgroposed technique, in segmenting the handwritten
text lines from the input document. The performaotéhe proposed technique is evaluated by comgarin
the result of proposed technique with the conveatidgext line segmentation technique. The resudinsh
that our proposed technigue acquires high-quadity line segmentation DR, RA and F-Measure valoes f
the number of testing documents in comparison thighconventional technique.

Keywords. Line Segmentation, Sliding Window, Optical Chara@egmentation, Adaptive Histogram,
Skewing

1. INTRODUCTION out problem. In document image analysis,
handwritten text line segmentation is still regarde
Text line segmentation is one of the mairto be a most important challenda a handwritten
elements in document image analysis. It offergext document analysis processing pipeline, it
decisive information for skew correction, zonewould pursue image binarization and page
segmentation, and character recognition [llsegmentationas a first step before word and
Freestyle handwritten text lines gives an importartharacter segmentation, character recognition etc.
challenge [2], even though text line segmentatiof8] Since it is in the commencement of a pipelifie o
technique for machine printed or hand-printegbrocessing, it is terribly essential to minimizelfa
documents have been generally seen as a workedl that next steps for pipeline get precise input.
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Line segmentation is a method in which theoverlapping elements smearing techniques cannot
successive lines are extorted or divided from eadontract fit. Horizontal projections: a vector hayi
other to form a text [4]. Line segmentation can b¢éhe sums of every image line is produced. The local
broadly classified as two kinds: i) Typed text; ii)minima of that vector are supposed to be the
Handwritten text [5]. In typed text, the spcingprotrusion of white areas in between lines, and the
between the lines is significant while the elementsnage is fragmented consequently [13] [14].

of the two successive lines may be contacted or

. . . The difference between related shaped
overlapped in the hand written text, creating the : .
oo . . . components is the most challenging part of the
problem more difficult to interline distance

Indian handwritten character identification [15].

changeability and the base line skew changeabilit nnada is one of the main Dravidian lanauaces of
Thus the line segmentation of unconstrained haréa : i guag
outhern India, one of the initial languages proved

written text is not easy [6]. epigraphically in India. The writing has 49

India is a multi-lingual and multi-script country, characters in its alphasyllabary and is phonetic.
containing eighteen authorized languages [7]lamil is one of the oldest languages in the world
Indian languages have a more sophisticated notiamd is a Dravidian language [16]. The Tamil
of a character unit or akshara that forms theriting has 10 numerals, 12 vowels, 18 consonants
Fundamental linguistic unit. This common alphabeand five grantha letters. Telugu is a Dravidian
contains 33 consonants and 15 vowels in commdanguage and has the third main well-liked writing
practice. Additional 3-4 consonants and 2-3 vowel® India [17]. There are 10 numerals, 18 vowels, 36
are used in specific languages or in the classicabnsonants, and three twofold symbols. Malayalam
forms of others. This difference is not veryis a Dravidian language, and has the eighth most
significant in practice. In difference of the skewwell-liked writing in India. Still, Malayalam hassi
angle among text lines or along the same text linewn writing [18]. The writing has 16 vowels, 37
survival of overlapping or touching lines, consonants and 10 numerals. An incredibly small
changeable character size and non-Manhattalifference among two characters or numerals leads
layout are the confronts of text line extractiof. [8 to identification difficulty and a convinced degree
Owing to high changeability of writing styles, of identification precision [19]. The method of
scripts, etc., techniques that do not employ amyriting the characters is extremely dissimilar, as
former knowledge and adapt to the properties of thtaey come in different sizes and shapes. The simila
document image, as the offered, would be momumeral may get dissimilar shapes, and on the
tough. Line extraction methods may be classified aontrary, two or more different numerals of writing
projection based, grouping, smearing and Houghmay receive a similar shape [20].

based [9]. Few of the well known techniques for The paper content is organized as follows: The
text line segmentation are almost classified as bap 9 '

follows. Smearing methods: short white runs aréesearch works associated to the handwritten

packed with black pixels proposing to create Iargmanuscrlpts text line segmentation and Problem

bodies of black pixels, which will be regarded agtatement is specified ‘in Section 2. The

text line areas [10]. Hough based classificatio%andwrmen documents text line segmentation by

have been used framework for tracking the type Qur proposed method is described in section 3. The

object is not restricted to specific classes O?Xperlmental result and ending of this paper is

. - - specified in Section 4 and 5.
categories of multi-lingual and multi-script.
The process of removing objects of interest fron%‘ RELATED WORKS

an image to text is known as Segmentation. For handwritten Gujarati numbers, Apurva A.

Distinguishing lines is the initial step in . . . :
segmentation [11]. The following steps areDesa| et al. [21] have explained with an optical

identifying the words in every line and thecharacter recognition (OCR) system. One may
individual characters in every word. The first ste Fome across so much of vyork for Indian languages
in segmentation is detecting lines. The ne%ke Hindi, Kannada, Tamil, Bangala, Malayalam,

line and performance of any recognition systemr y any P y

- . r handwritten characters. At this point in this
This is an essential step of OCR systems as | .
. . T suggested work a neural network was advised for
removes meaningful areas for investigation [12]

This step effort to decay the image into classiéab Gujarati  handwritten digits _recognition. - For

divisions called character. With touchin andf:ategorization of digits, a multi layered feed
’ 9 orward neural network was recommended. Ahead
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of their categorization, thinning and skew-could influence the presentation of the following
correction were moreover made for preprocessimngfages. The skew finding and correction and
of handwritten numerals. For Gujarati handwrittersegmentation act an essential part to compile the
digit recognition this work had attained roughlyresults of the following stages more precise. Ia th
82% of success rate. suggested technique, they have planned ideas for
A multi-stream strategy for off-line handwritten skew recognition and correction, segmentation of

) e handwritten Kannada text by means of bounding
word identification has been offered by Yousri .

box technique, Hough transform and contour

Kegsentml et al. [22]. For the Incorporation Of detection correspondingly. A standard segmentation
various sources of data, the multi-stream paradlgpa

: ! e of 91% and 70% for lines and words was

presents an interesting structure and was compar é . .
. . . ained respectively.

to the normal grouping strategies namely fusion o
representations and fusion of decisions. They OCR system, which depends on the segmentation
examined the expansion of 2-stream approach to &lgorithm being used, has been offered by Mamatha
streams (N=2... 4) and explore the development if Ret al. [25]. Fragmentation of handwritten
the identification performance. The computationamanuscript of some Indian languages like Kannada,
charge of this expansion was conversed. The mulflelugu, It consists of vowels, consonants and
stream structure develops the identificatiorcompound characters. A few of the characters may
performance in both cases. With 2-streango beyond as one. Improvement of OCR tools in
approach, the top identification performance watdian languages was still a continuing practice in
79.8%, in the case of the Arabic script, on a 210Gpite of numerous booming works in OCR all over
word lexicon containing 946 Tunisian town/villagethe world. Character segmentation acts an essential
names. The suggested approach reaches part in character recognition since imperfectly
identification rate of 89.8% by means of a lexicorsegmented characters are improbable to be accepted
of 196 words in the case of the Latin script. properly. In this suggested technique, a

. . e segmentation plan for fragmenting handwritten
Multilingual character identification system andmanuscript by morphological operations and

their test out performances on standard database i& - " .

; ojection profiles was recommended. Practice of
gle[ezr;] d?:glgpeveazy Ve'tN'rol\(f;njligatzec;?gw?hethe morphology prepared removing text lines
S Y : P competent by a standard extraction rate of 94.5%.
|dent|f|_cat|on qharge by progressing better fe&tureBecause of the changeable inter and intra word
In _th|s projected  method, _'Fhey offered agaps an average fragmentation rate of 82.35% and
mult!llngual charact_er recognition  system f0r73 08% for words and characters correspondingly
published South Indian scripts (Kannada, Telugu\/\/a'S attained
Tamil and Malayalam) and English texts. South '

Indian languages are most well known languages ifhe Problem Statement

India and all around the world. Based on Fourier Section 2 reviews about the recent research
transform and principal component analysis (PCA orks related to the segmentation of handwritten

the suggested multilingual character recognitio X ;
was which are two generally applied methods oﬁ(tho?L dsouttr?elnc:slsnee{?cnr?uai?\iﬁﬁa-[igisrevilﬁw tf;]aes
image dealing out and identification. In the region P

of pattern identification and computer vision, PC experimentation of the hand-written documents.

: . . Most of the review works have been performed
and Fourier transforms are typical feature extartio : : ;
: : using histogram techniques, Optical Character
and data representation methods extensively us

: . Récognition (OCR) system, which can improve the
Experimental results demonstra.te th.e presentan(minning and skew-correction of handwritten text
over the data sets regarded at this point.

line before their segmentation. We are inspired by
Mamatha Hosalli Ramapp&t al. [24] have the idea that a text image can be strip into images
suggested a method Optical character recognitialong the white gaps in between text lines. For all
(OCR) submits to a course of generating a charactdrese tasks, a major step is document image
input by optical means, like scanning, forsegmentation into text lines. Because of the low
identification in following steps by which a prigte quality and the complexity of these handwritten
or handwritten passage. A generic characteyouth Indian languages (background noise, artifacts
recognition system has dissimilar steps like noisdue to aging, interfering lines), automatic texteli
removal, skew detection and correctionsegmentation remains an open research field. The
segmentation, feature extraction and classificatiointer-line distance variability and inconsistent
In the OCR process, results of the presently stagdsstance between the components may vary due to
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writer movement. It may be straight by segments, ——— (L Gd)mn>T 1
or curved. A less number of researchers have G(di)"""{o; otherwise @
contributed to develop such type of model for the —_— . . :
hand-written documgnts. O{IF; research paper In Egu. (1), 6(d)mn is the pmary |mag§ and _'S

considers the base on Text line skew segmentatién threshold value. If the image(d;)m,intensity

model and proposes a novel technique ofalue is greater than the given threshold value
handwritten south Indian languages text lineneans we change the pixels values into 1,

segmentation. otherwise we change into 0. Afterward, the non
3. PROPOSED METHOD FOR SOUTH t&ual area is rgmoved_ from _the blngry @age
INDIAN TAMIL LANGUAGE G(dj)mn by traversing the image in four directions,
HANDWRITTEN TEXT LINE top, bottom, left and right. During the traverdak

SEGMENTATION TECHNIQUE white pixel areas are removed in all directions.

Finally we get the textual area image(d;mn

O“F proposed hal_'ldwritten text line segmentatiowhich having the textual part of the document
technique for Tamil language segments the text

lines from the input handwritten document image4Mag&(dmn- The textual images(dmis mapped
by using the sliding window and skewingto the original imag&d;)m,and the resultant image

operations. The proposed technique mainlyrom the preprocessing process is denoted as,
comprised of four stages namely, (i) Preprocessing

|
I
images !

(i) Adaptive Histogram Equalization (iii) Sliding Pdmmm=12--1,n=12,-s ()

window based line segmentation and (iv) Skewing

Operation. These four stages are consecutively ( ' )

performed and the handwritten documents text lines Preprocessing

are segmented more accurately and are discussed in

Section 3.1, 3.2, 3.3 and 3.4 respectively. Strmectu I

of our proposed handwritten Tamil language text RGB to gray Scale

line segmentation technique is illustrated in Fegur Conversion

" P

Do aaneTon | Binarizats

Tamil language —— o e inarization
Hi:fullé'n'f" | Preprocessing L\d“[l{‘[.‘:; l:;unﬁ ﬂi @ — :

Figure 1: Structure Of Our Handwritten Tamil Exclusion of non
Language Text Line Segmentation Technique Based On textual area

Sliding Window And Skewing Operations ] ]
. Figure 2: Procedure Of Preprocessing
3.1 Preprocessing

Preprocessing process ensures to attain hig?hZAdapt|veH|stogram Equalization

segmentation accuracy. The input handwritten Histogram equalization frequently raises the
document image is named agmxn)and given to local contrast of numerous images, especially when
the preprocessing process. The process gie functional data of the image is signified by
preprocessing is shown in Figure. 2. Initially, theclose difference values. The handwritten image
given document documents texts to be blurred and we can’t make
imageg,y,j=12- om=12.-Mn=12..n  Where | Out the text lines more precisely. Thus we raige th

. difference of the document image texts to acquire
represents the number of document images a

. e precise segmentation result. We work out the
M, N represents the row and column of the image

, ) ddaptive histogram equalization technique for
The grayscale converted imag@i)mnis named mnroving the image documents texts in our

asG(dj)mn- Next, this G(d;)mnimage is given to the suggested method.
binarization process. Binarization is a technique
where the gray scale images are converted in
binary images. Binarization separates the. o
foreground (text) and background information. Thd!iStogram Equalization is stated as follows,
process of binarization is stated as follows,

' Initially, the adaptive histogram equalization is
Bulculated on the preprocessed ime@e),,- The
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r.s containing the height equal to the optimum
hmn=zzp(di)mn (3) threshold value and estimated to variant angles are

_ - m=ln=l o ~traversed along the histogram of the document
_Following the histogram equalization which isinage. Amongst the three sliding windows, one is
given in Equ. (3), the binarization method isprojected along the base line, the another window i
executed and the binary image result is representgfjojected to upper side of the base line and tfte le
aShmn'- After that, the mean histogram andk_Jehind one is pro_je.cted tlo lower side of the base
line. The three sliding windowes(4,), s,(6,) and

threghold values are calculated for accompllshlnga(gg) are made and crossed horizontally beside the
the line segmentation process.

“ Umnp' in step by step manner till the value of's’.

. While crossing, for each movement, for the three
re 4y Window element, the histogram values of the image
llmnzzzhmn ( ) i
engaged by the window areas

The mean histogram is calculated by,

m=1n=1

Subsequently the optimal threshold value is w (s (8)) (6)

found for sorting out the textual positions and non
textual locations so as to fragment each line & th
document image. A most favorable threshold valué=3) and ‘K’ is the number of movements. For

that divides the two lines is evaluated as below. every movement, the area of the window containing
; high Hw (s (4))is regarded for fragmentation.

S
tZEZZIJmn () Following a single straight traversal, all the

e=r= Hw (s (6)) attained are cumulative and

Tth‘ (')ver'all' process a'lfter the hIStOgr"J"Tl:apitulf';\ted the first line of the text, next the
equalization is illustrated in Figure. 3. window position is shifted down and the then
horizontal window crossing is initiated from 1 to
Adaptive Histogram * S’ as above, the subsequent line is fragmented.

Equalizati .
duatzation Therefore three windows are crossed from left to

1 right for the complete image and all the lineshaf t

handwritten text images are fragmented.

In Equ. (6), where i’ is the no of windows

Binarization

i 3.4 Skewing Operation

The ensuing line fragmented text image
P(d})mn iS given to the Skewing process. During

Mean Histogram

] text scanning or copying, document skew is a
) deformation that mostly happens. Document skew
Computing . . .
Threshold is an obvious result because of the composite
arrangement of handwritten words and the
Figure 3: Process Of Threshold Computation copying/scanning  process, especially when

o . . . digitizing automatically huge text bulks. The
3.3 Sliding Window Based L ine Segmentation twisted images require to be de-skewed for precise

Fragmenting the document images encompassir'ﬁ@':lgmentation. At first the allied elements are
skewed lines and lines with overlapping manuscrigecognized from the morphological enlarged image
by application of the uncomplicated, threshold@nd next the optimum skew angle of the joined
based projection techniques will not offer precis€omponent is found out by discovering centroid of
segmentation results since these techniques aye vévery connected element in the text and designing
responsive to still a single noise. Moreowine go €llipse on it. The optimum angle is found by the
beyond characters in the document may raise thgtation of the input image. The skewed line
projection values of non-textual place beyond théragmented text result imagerg!;)mny -
threshold value which deceives to an inappropriate
segmentation. A sliding window method is applied~ EXPERIMENTAL RESULTSAND
in our proposed approach to address this problem. DISCUSSION
Usually the handwritten texts have line skew in the ] . ]
upper or lower side of the base line. To fragment The proposed handwritten text line segmentation
the skewed line, the three sliding windowdechnique for Tamil language based on sliding

.
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window and skewing is implemented

1.

TABLE 1: Machine configuration

Processor Intel core i5

oS Windows XP
CPU Speed 3.20GHz
RAM 4GB

The sample handwritten text document images

are shown in Figure. 4.

grd dmps okl Sl Speded Sboe

Eanel fidSar WS Frwie Taw sy

T Midrma ARER RROLRD DR SRS e

oy € i Py LERAE SRRt A6

et ghmenfisn Thin 1 sem D s e

rv_;v g divs et wvind Soaless S Tomrol

ot R St it Sidnh Cne L RS R S R

i HiESTS TS e Pl bt Rk

e adin sy (REEETOEN e T s e

Bprdy) Foisnm 18 BT it e ek SR ade
izt

i SN gueiRe sty w' ., Airk pee e Sy

i e
ey O mddpred) Soh SoRaiE SHIERONE M0y

Figure 4: Sample Tamil Handwritten Text Document

Image

in the B
working platform of MATLAB R2011a (Version
7.12) with machine configuration as given in Table

e ke funEen aeln e dases cMuse

Fremiedi BB g Ry

e e
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Lpmads  Swriee gndc Sragg Boanon oo
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SRR S i cwpp . oo Rkt e S Korehes

B E

PR B

(i)

T ifesbe)  SoaupieSen Bel S denis s

. . Fprredd Sefngr Eedr Sebd Banenr Sdna
The sample handwritten document image were

given to the preprocessing process, the sample

i B ams BNTHWLRS B RSB m

g B Py - Peng HUETED D flss spah Mooy

document result from the preprocessing resultS are ... cmmse aws & Lot pmseni S

given in Figure. 5.

i R R el P s Remigegy S 2 e
Bl S Al il s O R PSR Rt
RTINS Ipas g itie g b 1 UE e B

o e - b 1 il L L
ST Sl O R ek gl St r g

7

Phgapafin | cRoCureT | HET S s TR Ere W Gt
e SV Sty B L 0O CNAGTE g 1001 B

P ——— L M e

(iii)
Figure 5: Preprocessing Result (I) RGB To Grayscale
(i) Binarization And (lii) Removal Of Non Textuatea
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The adaptive histogram equalization and the line Figure 6: (i) Adaptive Histogram Equalized imagel i)

segmentation using

and 7.

e piledde CawpipEeyr Sl Glon chmih  oMioam

the sliding window and
skewing operations results are shown in Figure. £

Binarization of Adaptive Histogram Equalized image

tondr Mot 6)uryie@en  Feitr 6WBnesd  GE

St B8 mrdr Bruss Quner S

Ol Pravemas Slada SIrisung  OYBreSBcismey
Ty 2 3 Boms @aum Nmm '53795 .mgfaﬁrnm ﬁhmmw

e ﬁrmw« D 4 m)m e R0 memfx:ﬁ: (hmm‘«w; 2_omna)
B, i Ao Arvnnmrﬂm rhE Aty OBt Wi\ a

— A s rardr o cSiS (Srgior

Syl Bebfpr i Rl oo S famnin's e dlie G QefhBipiens  AdRomuyd CRp8 VDTG R
oy Shehaner Shee BTG S S o Mo B abrione o @. oo SEeOEE S LGH OREEBIH
e By Gont By SOEET Drgumgsees Moimn b L

gt R (T R s Arm L Lhrnifliac = - = " Nh‘ - v,
gy . i T TR Figure 7: Line Segmentatlon Result By Slldlng Windo
e (oG Operation
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(i)

4.1 Perfor mance and Compar ative Analysis

The performance of the proposed Tamil language
handwritten text line segmentation technique is
evaluated with 20 handwritten text document
images. These 20 text document images are given
to the segmentation process and this proposed
technique results are compared with the
conventional segmentation technique [26]. For
performance analysis the documents dataset is
divided into two datasets namely Dataset 1 and
Dataset 2, and each dataset contains 10 handwritten
text document images. The proposed and the
conventional techniques performance are evaluated
by the three performance measures namely DR
(Detection Rate), RA (Recognition Accuracy) and
FM which are given in [27]. These performance
measures results for the proposed and conventional
techniques are given in Table 2. Those measures
comparison graph between the proposed and the
conventional techniques is shown in Figure. 8.

TABLE 2: Performance Of Proposed And Conventioeahhiques (I) Dataset 1 And (li) Dataset 2

Nu_lrggxetr of Proposed Technique C.?gﬁma%neal
Documents DR RA FM DR RA FM
%) | () | (%) | (%) | (%) | (%)
1 79.23| 70.32] 7451 73.1B 64.02 68.p7
2 80.32| 82.93] 81.60 78.0p 80.13 79.B5
3 84.34| 81.02] 82.65 73.3% 76.02 74.66
4 82.54| 87.49] 84.94 7254 77.09 745
5 86.57| 79.41] 82.84 66.41 68.11 67.p5
6 93.21| 92,98 93.09 7332 7298 73.15
7 92.63| 90.67] 91.64 7236 70.17 71.p6
8 95.21| 94.84] 95.03 85.01 83.54 84.p7
9 90.87| 89.47| 90.16 88.3p 86.37 87.p5
10 90.67| 91.63] 91.1% 8543 87.33 86.37
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Conventional
Technique

DR RA FM DR RA FM
(%) (%) (%) (%) (%) (%)
80.32 | 75.42| 77.79 732 76.32 7474
86.34 88.39 87.35 76.24 78.59 77.40
88.53 | 83.20| 85.78 | 78.33 | 80.07| 79.19
85.53 84.89 85.21 75.88 74.49 75.15
85.65 83.14| 84.38 80.65 81.14 80.89
93.27 95.48 94.36 73.0f 75.18 74.11
94.33 | 94.67| 9450 84.38 84.27 84.80
95.21 94.84| 95.02 | 75.11 74.44| 74.77
94.87 89.47 92.09 84.4Y 85.47 84.97
92.67 91.63| 92.15 | 72.37 71.43| 71.90

(ii)

Number of Proposed Technique
Text
Documents

O(O(N[O|O|_ (W[N]

=
o

technique has achieved averaged 88%, 87% and
90 1 88% of DR, RA and FM respectively. Compared to
81 the conventional segmentation technique, our
proposed technique has given averaged 6%, 7% and
, m Proposed Techngiue 10% higher DR, RA and FM respectively. Thus the
g0 | = Conventional Techngive performance metrics results shows that our
78 | proposed text line segmentation technique for
76 : | Tamil language has more efficiently segments the
! : text lines than the conventional technique.

Datasets
5. CONCLUSION

DR (%)
3

In this paper, we proposed an efficient Tamil
90 - language handwritten text line segmentation
88 technique which segments the input handwritten
86 1 text lines more accurately. Initially, the input
m Proposed Techngiue handwritten documents binarization was computed
= Conventional Techngiue by the preprocessing and these preprocessed images
were given to the adaptive histogram equalization.
- , , By using this histogram equalized images, the text

1 2 lines were accurately segmented by exploiting

Datasets sliding window and skewing operations. The
(ii) performance of the proposed Tamil language

handwritten text line segmentation technique was
evaluated by the more number of text line
20 documents. The implementation result shows that
86 the proposed Tamil language handwritten text line
& segmentation technique efficiently segments the
m Proposed Techndiue text lines than the conventional technique.
76 1 = Conventional Techngiue Experimental results show that the proposed Tamil
ol language handwritten text line segmentation
70 : . technique has attains high DR, RA and F-Measure
value than conventional technique.
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