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Multioriented and Curved Text Lines
Extraction From Indian Documents

U. Pal and Partha Pratim Roy

Abstrace—There are printed artistic documents where text
lines of a single page may not he parallel to each other. These
text lines may have different orientations or the text lines may he
curved shapes. For the optical character recognition (OCR) of
these documents, we need to extract such lines properly. In this
paper. we propose a novel scheme, mainly based on the concept
of water reservair analogy, to extract individual text lines from
printed Indian documents containing multioriented and/or curve
text lines. A reservoir is a metaphor to illustrate the cavity region
of a character where water can he stored. In the proposed scheme,
at first, connected components are labeled and identified either as
isolated or touching. Next, each touching component is classified
either straight type (S-typel or curve type (C-type), depending
on the reservair base-area and envelope points of the component.
Based on the type (S-type or C-type) of a component two candidate
points are computed from each touching component. Finally,
candidate regions (neighborhoods of the candidate points) of
the candidate points of each component are detected and after
analyzing these candidate regions, components are grouped to get
individual text lines.

Index Terms—Artistic document recognition, Bangla and Dev-
nagari scripts, document analysis, Indian documents, text line ex-
traction.

I. INTRODUCTION

I N OPTICAL character mecognition (OCR), the text hines
in a document must be located before recognition. This
task involves correction of document skew, separation of text
and graphics, and extraction of text lines [4], [13], [17]. When
the text lines in 4 document image are parallel o one another
(single onented document), simple technigues like projection
profile [7], [12]. [18], Hough transform [11], component
nearest neighbor clustenng method [13] ete., are good enough
Lo extract them. There are many artistic documents, such as
advernsement, poster, or graphic illustmbon where text ines
are not single orented. These text hines may be multonented
or may be curved in shape. Examples of such documents are
shown in Fig. 1. Extraction of individual text lines in these doc-
uments 15 difficult. Simple approaches like projection profile,
Hough transform, or component nearest neighbor clustering
will not work in these documents.

Fieces of published work on text hne extraction from doc-
uments containing multionented or curved hines are few. Golo
and Asu [5] propose a local limearity based technigue to iden-
tly multworiented or curved text hines from English and Chi-
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Fig. 1. Examples of document images containing multioriented and curved
text lines. () Bangla magazine image. (b ) Devnagari synthetic image. (c) Bangla
NEewspEper image.

nese documents. They, at first, split the document image into
some small subregions of constant width. Next, local orienta-
ton 15 estmated m oeach of these subregions. Finally, they try
to extract ext lines by extending local odentations of the subre-
gions. Their proposed method cannot handle text Imes of vari-
able size characters, which is the main hmitation of the method.



PAL AND ROY: MULTIORIENTED AND CURVED TEXT LINES EXTRACTION

Flewher and Kastun [4] propose a method o extract text lines
in arbitrary orentations from mixed text and graphics regions of
English documents. The character bounding box and the Hough
transform are used in the method. The proposed method cannot
handle curved text lines and this method too cannot handlke text
lines of arbitrary size. Yan [19] proposes a fuzzy curve-lracing
algonthm to detect curve text lines rom English and Chinese
documents. Here, at [irst, character pixels are grouped based
on the fuzey c-means algorithm. Each cluster center represents
all its associated pixels in a class to reduce the amount of data
substantially. Then, analyzing the spatial relationship, cluster
centers are connected o generate the initial curve representing
the text path. Finally, the text pixels are clustered again under
the constraint that the path passing through the cluster centers
must be smooth. Main drawback of the method is 1o define the
smoothness term properly. Hones and Litcher [8] also propose
a method o extmet straight text lines in arbitrary onentations.
In their method, line anchors are first found in the document
tmage and then text lines are generated expanding the line an-
chors. Similar strategy has been vsed by Deforges and Barbara
[3]. Kise et al. [9] propose a computational geometric approach
Lo extract text ines from a docoment. Although this method can
handle document images with complex layout, it cannot handle
curved text lines.

All the above methods are used for non-Indian languages.
Also, 1t can be noted that except methods used by Goto and Asu
[5], and Yan [19] the other above methods cannot handle curved
text lines. Although these two methods can handle straight and
curve texl hines in English and Chinese documents, it will not
work for Indian documents containing Bangla and Devnagari
scripts. This 1s becanse the charmeters in a word of Bangla and
Devnagan senpts get connected through head-lines (described
latter) and such behavior 1s absent in English and Chmese text.
In this paper, we propose a novel scheme w extract multion-
ented and curved shape lines from documents contaming Bangla
and Devnagan, the two most popular Indian scripts. There 1s no
published work in this area on Indian languages. Only one re-
port is published to extract straight text lines from Indian docu-
ments contaming Bangla and Devnagan seripts [16]. The tech-
nique desenbed in [16] can extract only multioniented straight
text lines but it cannot handle curve text lines.

In Bangla and Devnagar it is noted that most of the charac-
ters have a honzontal line at the upper part. Honeontal line of
two Bangla characters 1s shown in Fig. 2(a). When two or mone
characters sit side by side o form a word, these hornizontal lines
touch and generate a long line called head-line [see Fig. 2(h)].
Here, our idea 1s o extrct the head-line of a text component
properly and o extend the head-line both ways 1o cluster the
component with its neighbor components for individual line ex-
traction. Head-line extraction from arbitrary oriented straight or
curve text line isnot simple. Here, we use ascheme based on fea-
tures obtained from a concept of water reservoir anafogy [ 14].
Acreservorr 1s a metaphor wo illustrte the cavity region of a char-
acter where water can be stored. Reservoir s obtaned by con-
sidering accumulation of water poured from a side of a compo-
nent. When two or more characters form a word in Bangla or De-
voagan they create big regions (spaces) because of the touching
through head-line. For example see Fig. 2(b) where big reguons
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Fig. 2. {a) Horizontal lines of two Bangla characters ane shown. {b) Head-line
and big regions af a touching component are shown. Big regions created by
touching are marked by dots.
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Fig. 3. Basic characters of (1) Bangla and (h) Devnagari alphabet are shown,
The fimst 11 are vowels and the rest are consonants in both the alphobets,

fommed by the characters ina word are shown, These regions are
considered as reservoirs. Details about the reservoir are given in
Section 111

The hne extraction scheme proposed in this paper 15 as
follows. At first, component labeling is done 1o get individual
components. Analyzmg the reservoirs obtained inoa compo-
nentl, we compute mode (portrail, landscape, reverse portral,
reverse landscape) of the component. Next, based on mode
and water reservoir features, components are classified in
one of the two classes: isolated and touching. In most of the
cases of Bangla and Devnagan scripts, a touching component
generally mepresents a word becavse characters inoa word are
connected by head-line. Depending on the mode of a touching
component is envelope pointy are computed. Next, based on
water reservorr bave-area points and the envelope points each
touching component 15 classilfied either straight type (5-Lype)
or curve Lype (C-type). Depending on the component Lype, Lwo
candidate points are computed from each touching component.
Finally, candidate regrons of these candidate points are detected
and after analyzing these candidate regions, components are
grouped to get individual text lines.

II. PROPERTIES OF B ANGLA AND DEVNAGARI SCRIFT

The alphabet of the modem Bangla script consists of 11
vowels and 39 consonants. These characters may be called basic
characters. Out of the 49 basic characters of Devnagari script,
11 are vowels and 38 are consonants. The basic characters of
Bangla and Devnagari scripts are shown in Fig. 3. Wriling
style in both the scripts is from left to right. The concept of
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Examples of Bangla and Devnagan modified characters,

Head lina —}"‘%ﬁ-
Base ling = —

[ e T e T

Upper zohe
Middle zone
Lower zone

Fig. 5.

upperflower case 15 absent in Bangla and Devnagan senpls.
From Fig. 31t can be seen that most of the characters in Bangla
and Devnagan scripts have a honeontal line at the upper part.
From a statistical analysis, we notice that the probability that a
Bangla word will have horizontal line 15 0.994 and the come-
sponding probability for Devnagariis (00997 [ 1], Due tothe high
probability of head-lines in Bangla and Devnagan senipts, the
use of water reservorr obltained by charmceter touching through
head-lme 15 justified For text line extraction in these scnpls.

In both Bangla and Devnagart seripts a vowel following a
consonant takes a modified shape. Depending on the vowel, 11s
modilied shape is placed at the left, nght (or both), or bottom
of the consonant. These modified shapes are called modified
characters. Examples of modified character are shown in Fig. 4.
A consonant or vowel following a consonant sometimes takes
a compound orthographic shape which we call as compound
character. Compound chamelers can be combinations of two
consonants, as well as a consonant and a vowel. Compounding
of three or four characters also exists in these two scripts. In both
the script forms, there are about 280 compound charmeters [2].

A Bangla or Devoagan text line can be partitioned into three
zones. The upper-zone denotes the portion above the head-line,
the middle zone covers the portion between head-line and base-
ling, and the lower-zone 15 the portion below base-line. Different
zondes i a Banglatext hine are shown in Fig. 5. The big reservoirs
are generally created in the middle zone of atext line.

Languages like Hindi, Nepali, Sansknt, and Marathi are pop-
ularly wntlten in Devnagan while Bangla, Assamese, and Ma-
nipun languages are wrilten i Bangla senpt. Moreover, Hindi
and Bangla are the national languages of India and Bangladesh,
respectively. Also, Hindi is the thirdmost and Bangla is the fifth-
most popular language in the world [2].

III. W ATER RESERVOIR PRINCIPLE

The water reservoir principle is as follows. If water is poured
from a side of a component, the cavity regions of the compo-
nent where water will be stored are considered as reservorrs. As
mentioned earhier, charcters in a word are connected through
head-Tme in Bangla and Devnagan scripts. This connection gen-

[¥ifferent zones of o Bangla text line,

erates large meservoirs which are used for line extmcuon pur-
pose.

Mow, we will discuss the water reservoir terms that will be
used i line extracton scheme.

Top reservoir: By top reservoirs of acomponent, we mean
the reservoirs obtained when water is poured from op of
the component;

Botiom reservoir: By botlom reservoirs of a component,
wemean the reservoirs obtamed when water 15 poured from
bottom of the component. A bottom reservoir of a com-
ponent 15 visualized as a top reservorr when water will be
poured from top afier rotating the component by 180%;
Left (right) reservoir: If water is poured from the kit
(right) side of a component, the cavity regions of the com-
ponent where water will be stored are considered as ket
(right) reservorrs.

For illustrations, see Fig. 6. In this figure, the top,
bottom, left, and night meservoirs are shown in four dif-
ferent components. From the figure it can be noted that
bigger reservorrs are obtained for portrail, reverse portrail,
landscape, and reverse landscape components when water
is poured from the bottom, top, left, and right side, respec-
tvely. The computation of water reservor 15 simple. We
find the regions of white space (pixels) in the bounding
box of the component, where water could be stored. These
regions are considered as the waler reservoirs.

Walter reservoir area: By area of a reservoir we mean the
area of the cavity region where water can be stored if water
15 poured from a partcular side of the component. The
number of pixels inside a reservoir 15 computed and this
number is considered as the area of the reservoir.

Water flow level: The level from which water overflows
from a reservoir is called as water flow level of the reservoir
(see Fig. 7).

Reservoir base-line: A line passing through the deepest
point of a reservorr and parallel o water flow level of the
reservorr 15 called as reservoir base-line (see Fig. 7).
Height of a reservoir: By height of a reservoir we mean
the depth of water in the reservoir. In other words, height
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Four different mode components with their reservoims from top, bottom, left, and right side are shown here. Reservoirs are marked by dotted region.

{a) Portmit. (b} Reveme portrit. (¢) Landscape. {d) Reverse landscape components.

Water flow level ]

o]~
N

| Bottom reservoir | [ Base area paints

Fig. 7. Reservoir base and reservoir flow-level are shown in a component.
Base-grea points of the bottom reservoir are marked as grey points in a soomed
part of the component.

of a reservoir is the nommal distance between reservoir
base-line and water flow level of the reservoir.

Base -area poinis: By base-area points of a reservoir we
mean the boarder points of the reservoir having height less
than iy, from the reservoir base-line. Bave-amrra points of
a bottom reservoir are marked by grey pixels in Fig. 7.
Here, Ity is the length of most frequently occurring hor-
teontal black run in a component. In other words By s
the statistical mode of the horeontal black run lengths
of the component. For a component, 1ip is caleulated as
follows. A component is scanned row-wise (hodzontally ).
Suppose the component has n different horizontal run of
bengths roore oo T, with frequencies £ 6 ... ity
respectively. Then value of T, will be v, if f; max(f}),
=y .

IV. MODE DETECTION

As mentioned carlier, characters in a word are connected
through head-line in Bangla and Devnagan scopts. Hence,
a connected component generally represents a word in these

scripts. By mode of a component, we mean the orentation of
a component in 4 document. In our present age of technology,
text lmes of a document page may be wrillen i arliste way.
As a result, components in a document may have arbitrary
orientations. For ine extraction purposes, we classily the mode
(orentation) of a component mio one of the four types: portral,
reverse portrail, landscape, and reverse landscape. Examples
of components of these four modes are shown in Fig. 6. Here
portmil, meverse portrail, landscape, and meverse landscape
components are shown in Fig, 6(a)—(d), respectively.

To detect mode of a component, we analyze reservoirs of the
component obtaned by pounng water from the wp, bottom,
left, and nght side of the component. Due to the head-ling in
Bangla and Devnagan scnpts, it 15 noted that many big reser-
voirs are created noa portraal, reverse portral, landscape, and
reverse landscape component when water 15 poured from the
bottom, top, left, and right side of the component, respectively.
For a component, we compule the areas of the reservoirs ob-
tained by pouring water from four sides of the component. Let
T, 3L, LY, and R be the total areas of top, bottom, left, and
right reservoirs of a component, respectively. Now, we compule
the biggest of these four areas. I 30175 is the biggest then
the mode of the component 1s detected as portrail [reverse por-
trait]. Similarly, if 1./ K7} is biggest then the mode of the com-
ponentis selected as landscape [reverse landscape|. The compo-
nent shown in Fig. 6(a) [Fig. 6(b)] 15 portrail (reverse portrait)
mode becavse bollom (Lop) reservoirs have maximum area in
this component. Similarly, the component shown in Fig. 6(c)
[Fig. 60d)] 15 landscape (reverse landscape) mode becanse reser-
voirs have maximum area when water s poured from left (right)
sile of the component



1 &R0
Y
55 I\ B
\\\ \\\. L
Rl | |R1 | |H::-un.1cr pixels of R1 |
() (1)
Fig. 8. (a0 Twooverlupping reservoirs BRI and R2 are shown, (h) Boander pixels

of the reservoir R1 are marked by grey shade.

Based on the mode of a component, the reservoirs 1o be used
in future are chosen. For example, if the mode of a component
is porirail the reservoirs oblained by pouring water from bottom
will be used in future.

V. [S0LATED AND TOUCHING COMPONENT DETECTION

When two or more characters touch i Bangla or Devnagan

scripts we generally observe at least one out of the three:

1) two consecutive characlers create a large reservoir (for
example see Fig. 2);

2) number of reservoirs in g touching component will be
greater than that of an isolated component;

3) overlapping of two reservoirs or overlapping of a reser-
voir and a loop oceurs frequently in touching characters
whereas such overdapping does not exast in isolated char-
acters. Overapping is defined as follows.

Let B be the set containing the x coordinates of the boarder of
a reservoir and BY be the set containing the 1 coordinates of
the boarder of another reservoir. If more than 40% of the el-
ements of B coincide with the elements of B then two reser-
voirs are called overlapped. Examples of overlapping reservoirs
are shown in Fig. 8. Computing different features like number
of loops, number of reservoirs, height of the biggest reservoir,
heights of the overdapping reservoirs and loops ele., obtained by
the above observations, 1solated, or touching component detec-
tion scheme is developed as follows.

Let for a component (7

L number of close loops;

Ly height of ith close loop [ = 1 -+ L33
! number of reservoirs oblained from €
T £ | 'l:zll:

M, height of the ith reservoir i = |- -2
IT height of the component

Ko  MaxiHei= | 000

Ity I+ where 0}, MMax(lt,, s L0 sl It S
Fe ) and the reservoirs having height €} and £ are
nonoverlapping;

Iy It + F; where £; = Max(L;.i = 1--- L such that
reservorr with height &y and the loop with height 1
are nonoverlapping.

Now, we define the following Boolean functions based on the
observations of Bangla and Devnagari touching characters.
Hdo=1id) =3or L > 3. Else &) =1L

Sy = iy = Al of fLElse 5 =0
Sy = 1l Iy, = 3U% of IT or B = 3U% of IT. Else

g5 =1
8 LifJ, = 30%of IT. Else §, 0
.S[. =14 li"l;j =1aor li""-__ = 1. Else li"l.; =1
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Based on the above values the solated and towching compo-
nents detection is done by the following algorithm.

If T>T then C is touching

else if ¥ = Yy and s is 1 then (! is
touching

else if T = Ty and &, is 1 then (! is
touching

else if 53 is 1 then (' is touching

elgse if T = ¥, and &, is 1 then (! is
touching

else if T = Ty and 5; is 1 then ' is
touching

else (! is isclated.

Values of different thresholds T, T, 0%, 14 and T4 are
chosen as 8, 2, 4, 6, and 3, respectuvely. Based on the propeny
of Bangla and Devnagand characters and words, values of these
different thresholds are chosen [15].

VI. LINE EXTRACTION TECHNIQUE

Multioniented or curved line extraction technique depends on
the following three sieps:

1} component Lype (S-Lype or C-Lype) detection;

2y candidate point computation;

3y candidate region selecuon.
Here, at first, we shall discuss these three steps. Next, individual
text ine extracton procedure will be discussed.

A. Component Tvpe Detection

Component’s Lype detection procedure depends on the mode
of a component and the envelope points of the component. To
detect the type of & component, we first find envelope points of
the component from a side depending on the mode of the com-
ponent. By envelope points of a component from the top we
mean the set of uppermost black pixels obtained by top-down
column-wise scanning of the component. If the mode of a com-
ponent s portrail, reverse portrail, landscape, and reverse land-
scape then envelope points of the component are computed from
the top, bottom, right, and left side of the component, respec-
tiviely.

Tocompute the envelope points of a portrail (reverse porirait)
component C, following task is performed. From each pixel of
the top (bottom) side of the bounding box of C, we perform a
vertical scan and as soon as ablack (object) pixel 1s encountened,
we label it“E.” The setof “E™ labeled pixels obtained in this way
from top (botlom) scanning denotes the envelope points of the
portril (reverse portrait) component. Similarly, o compute the
envelope points of a landscape (reverse landscape) component
C, we perform horizontal scan from each pixel of the right (left)
side of the bounding box of C. Envelope points on the images of
four components of different modes are shown in Fig. 9. To get a
clear view of the envelope points, in this figure envelope points
are shown separately from their respective components. From
the figure it can be noted that most of the envelope points lie on
head-line portion. The points which do not Lie on the head-line
are part of modified characters in most cases.
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Fig. 9. Four components with thei renvelope points are shown. {a) Portrait. (h)
Reverse portrait. {¢) Landscape. {d) Reverse landscape.

Envelope points

Initial feabure poanis

Fig. 1. Straight or curve component detection approach. {a) Example of
straight component. (h) Example of curved component .

Let Lops be the set of envelope points of component C. Based
on the mode of C, the reservoirs to be used for C are noted and
the base-area points of these reservoirs are caleulated as men-
toned 1in Section 11, As mentioned earlier, 1f the mode of a
component1s portrait only those eservoirs oblaned by pouring
water from bottom o be considered for that component. From
these reservoirs we select reservoirs having height greater thana
threshold Z. We call these selected reservoirs as candidate reser-
voirs. The value of Z is chosen as 1/10 of the comesponding
component height. (This threshold valoe 15 obtained from ex-
permment). Let 155 be the set of the base-area points of the can-
didate reservoirs of C. Those points of Un, for which Euclidean
distance from any point of B is less than K, are noted, (K
15 computed in Section ). These points are the initial feature
pointy of C. See Fig. 10 where mitial feature points are shown.
Based on these inial points, the straight or curve component
is identified. Let X and ¥ be the two furthest initial points of a
component. We draw a straight line passing through these two
points (see Fig, 100, If the perpendicular distances of all other
inital feature points of the component from the line XY are less
than H, . we identify that component as straight (5-type). Oth-
erwise, 1t 18 wentified as curve component (C-type). The com-
ponent shownin Fig. 100a) 15 a straight component because dis-
tance of all the initial points obtained in this component from the
ling XY is less than Tip. The component shown in Fig. 10ib) is
a curve component because distance of all the initial points ob-
tained in this component from the lineg XY is not less than Ty,
The equation of straight line passing through X and Y is the es-
tmated equation of the head-line of a straight component. For a
curve component, we estimate an equation of a parabolic curve
[6] passing through the mnitial feature points of the component.
This estimated curve represents the head-lne of the curve com-
ponent.

lakl

Toft candidare wopion | | Faight candidlate reiun

Fig. 11. Two candidate points (Z, and C.) of the middle component
are shown by small dmrle. Left and right candidate regions of the middle
component are shown by dotbed area.

B. Candidare Point Selection

Detection of candidate points of a component 15 done based
on its initial feature points and its type (C-type or S-type). For
each component we detect two candidate points. For a S-lype
component the line XY is extended in both directions until it
reaches the bounding box of the component. Two points where
the extended line meets the bounding box are noted and we call
these two points the candidate points, Similarly, for a curve com-
ponent, estimated curve 15 extended in both directions Lo get its
two candidate points. Let ©) and %5 be two candidate points
of a component. Candidate points of a component are shown in
Fig. 11.

C. Candidate Region Detection

Now, for each component we have the following:
1} component Lype (C-lype or S-lype);

2) estimated equation of the component head-line;
3 two canddate points.

For candidate region detection we vse a directional region
erowing approach as follows. Depending on the type of a
component, is estimated head-line 1 extended up o a distance
TR(IL 2= Iy, Iy, 18 defined in Section V) in outwards
direction from the candidate point ;. The path obtained
during this extension 15 called as extended candidate path of
.} of the component. From each point, say P, on the extended
candidate path of the component a neighborhood (o square
of side Tiy,) is selected considering P as center. The union of
the neighborhoods obtained from all points on the extended
candidate path is the left candidate region of the component for
the candidate point U} In a similar way, fght candidate region
of the component for the candidate pomt C. 18 compuled.
Candidate regions of a component are shown in Fig. 11,

The reason to choose TR equal to 2 x Ry is as follows. In gen-
eral, distance between two consecutive words 1o a hine 1s less
than twice the height of a character. In printed text, [L;, gen-
erally represents the height of the middle zone of a word and
the middle zone height of 2 word 15 equivalent to the height of
a basic character. Smce the distance between two conseculive
words of a line 15 generally less than twice the height of a basic
character, il we assume the value of TR as twice of By, it is
most likely that a part of a neighborimg word will fall in one of
the candidate regions of the current word. Based on the above
observation we assume TR as 2 = K.
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D, Line Extraction

For line extraction, we first cluster touching components into
mndividual lines. Next, isolaled characters are merged with the
respective lines. Let o be the set of touching components in a
document. We use a bottom-up approach for line extraction. The
approach is as follows. First, an arbitrary component (say, lop-
most left component) is chosen from x and a group G is formed
using this component. For each group two anchor components
are maintained and we designate them as left and nght anchor
components. When number of component in a group is one,
the left anchor component and right anchor component are the
same. Since at present G has only one component, the left an-
chor component and right anchor component are the same. Next,
we check whether there exists any component in e where at least
one initial point falls into any of the candidate regions of an an-
chor component of the group. If there exists any component in
ik, wi then include that component in the group G and the anchor
components are modified accordingly. Let this newly included
component be K. The anchor components are modified as fol-
lows. If an initial point of K falls in the left candidate region
of the left anchor component, then K is assigned as left anchor
component of G. Similady, if an initial point of K falls in the
right candidate region of the dght anchor component then K is
assigned as dght anchor component of G. If two or more com-
ponents fall in a candidate region of an anchor component at the
same time then all these components are included in the group
and the component which is farthest from the anchor compo-
nent is the new anchor component. Sometimes g portion of some
isolated characters may also fall in the candidate regions of an
anchor component. We also include such isolated characters in
the group.

Components clustered into a single group are the members
of a single text ine. To get other text lines we follow the same
steps and finally get N number of groups if there are N text lines
in the documents.

Note that most of the isolated components, which are situated
between two touching components of a text line, are grouped by
the above approach. Some isolated characters like dots of some
characters, punctuation marks like comma, apostrophe ete. may
not be included by the above approach. Tomelude these 1solated
components in the group of their respective text lines we use a
region growing lechnigque [ 10]. An isolated component 15 grown
along its boarder until it touches any component of a line. The
1solated component 15 included w that hine in which it touches
first.

VI RESULTS AND DISCUSSION

For experiments, text lines were considered from different
documents like magazines, newspapers, advertisements, com-
puter pantouts ete. Single and multionented wext documents, as
well as curved text documents were considered for the exper-
ment. Images were digitized by a flatbed scanner at 300 DPL. For
the experiment, we considered single column document pages
only. We also assume that a text ine does not intersect any other
text lines. From the data we noticed that number of chamcters
in aling was between 8 o 70 characters.
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Now, we shall present here results of different modules of our
System.

A. Results on Isolated and Touching Component Detection

Toevaluate pedormance of the isolated and wouching compo-
nent detection module a data set of 6000 components was col-
lected from printed Bangla and Devnagand documents. Out of
these 6000 components 3915 are touching and rest are 1solated.
The results are checked manually. The distnbuton of the accu-
racy on 1solated and touching component detection 1$ given in
Table 1. From the expenment we noticed that most of the ermors
(2.06% ) came from touching components that were identified as
isolated components. Length of such touching components was
between two o three characters in most of the cases (length of
a component is considered as the number of characters in the
component). Sometimes, due to the poor guality of the docu-
ments, reservoir and loop based features are not properly de-
tected and the desired results are not obtained in isolated and
touching component detection of such documents.

B. Result on Component Tupe Detection

Component type detection moduole 15 wested on 3200 straght
components and 2010 curved components and details expern-
mental results on component ype detecton are given in Table 11
From the experniment we obtained 99.28% accuracy in straight
component detection. Also, we note that most of the emrors occur
in curve components with length two or three and these compo-
nents are detected as straight components.

C. Results on Line Extraction

For experiment of ling extrmcton module, 1521 text lines
were considered from different documents. Among these 1521
text hnes, 361 hnes were taken from multonented documents,
858 lines were from single onented documents, and 302 ext
lings were curved. To check whether a text line s extracted
correctly or not, we connect all components by line segments
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Fig. 12. Line extmction results of the proposed scheme on the documents
shown in Fig. 1{a) and 1{b).
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that are grouped in an individual line. These line segments ane
drawn through the center of gravity (CG) of the components.
See Fig. 12 where results of our line extraction scheme are
shown. By viewing the results on the computer’s display we
check the mesults of line extraction method manually. To give
an idea about different ranges of accuracy of the system on
different type documents we divide the accuracy into three
stages: 1005, 96-99.9%, and <96%. Accuracy of line extrac-
ton module 15 measured according o the following rule. IF
out of N components of a line M components are extracted in
favor of that ling by the proposed scheme then the accuracy
for that line is {0 = 1003/5%. So if all components of a
text line are extracted correctly by the proposed algorithm we
say accuracy for the Ime s 100%. Disrmibutions of results ane
shown in Table 1L As mentioned earlier, we consider 361 text
lines from multionented documents. Out of these 361 ines we
notice that on 129 ext lines there 15 no erron We also notice
that only on 29 lines the accuracy 15 less than 96%. For single
ordented documents we note that out of 838 text lines only on
80 lines the accuracy 15 less than 96%.

One of the significant advantages of the proposed method
is its flexibility. Our scheme is independent of font, size, and
style of the text lines. For the flexibality testing, text lines with
different popular fonts, sizes and styles (bold and italics) were
considered. We consider font size from 860 points. Some stan-
dard fonts of Bangla and Devnagan scripts are used for the ex-
permment. For example, Samil, Satyapt, and Vivek are vsed in
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Bangla, and Yogesh, Natara), and Surekh are used in Devnagar.
The proposed method can be used in other langoages which have
head-line feature, e.g., the proposed method can be used in Pan-
jabi (Gurumuokhr), Marathi, and Assamese langoages because
they have head-line feares.

This 1 a new approach, o our knowledge, in this area and we
hope itwill give a fresh research perspective o document image
analysis in Indic seripts. As there 15 no existing work on curve
text line extraction of Bangla and Devnagan senpls, we cannol
compare our results.

. Drawbacks of the Pioposed Method

Our method cannot extract a text ine properly if the distance
between two words of the text line 1s high. We assume the dis-
tance between two words of a line will be less than the height of
two characters of that line. If the distance between two words is
very high we have o adjust the threshold TR (discossed in Sec-
tion V1) accordingly. Similady, if two words of two different
linges are very near because of artistic writing our method some-
tmes fals to cluster them properdy. Another drawback of the
proposed method is that it will not work properly if there 1s no
character with head-line in a word. However, a word formed
by chamcters without head-line 15 rare becaose, as mentioned
earier, from a statistical analysis we notice that the probability
that a4 Bangla word will have head-line 1s 0.994 and the cor-
responding probability for Devnagar 1s 00997 [1]. Therefore,
our proposed method will work only on those seripts where
head-line feature exists. As in Enghish, there 15 no head-line fea-
ture the proposed method will not work on English.
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