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Segmentation of Touching Characters in Printed
Devnagari and Bangla Scripts Using Fuzzy
Multifactorial Analysis

Utpal Garain and Bidvut B. Chaudhuri, Felfow, [EEE

Abstraci—One of the important reasons for poor recognition
rate in optical character recognition (OCR) system is the error
in character segmentation. Existence of touching characters in the
scanned documents i a major problem to design an effective char-
acter segmentation procedure. In this paper, a new technique is
presented for identification and segmentation of touching char-
acters. The technique is based on fuzzy multifactorial analysis. A
predictive algorithm is developed for effectively selecting possible
cut columns for segmenting the touching characters. The proposed
method has been applied to printed documents in Devnagari and
Bangla: the two most popular scripts of the Indian sub-continent.
The results obtained from a test-set of considerable size show that
a reasonable improvement in recognition rate can be achieved with
a modest increase in computations.

Index Terms—Fuzzy decision making, Indian script optical char-
acter recognition (OCR), multifactorial analysis, touching charac-
ters.

L. INTRODUCTION

D(}CUMENT analysis systems facilitate wansfer of infor-
mation on 4 paper document o the computer Sysiems
without intensive manual keying. For certain language scripls
ie.g., Roman scrpt) today, it is not difficult to develop an
optical charmeter recognitbon (OCR) system thal mecognizes
well- shaped and well-spaced characters with accuracy of 99%
and above. However, it 1s stll challenging o design a system
that can maintain such high recognition accuracy, regardless
of the guality of the input document and character font style
Varnation.

In order to recognize the text contained in a document, it
15 usually segmented into lines, words, and characters. Then,
the chamclers are mecognmized using a4 Lwo-slep process: 1)
extracting the distinguished features from the character image
and i) finding the member of a predefined symbol set whose
features best match those of the input. In this procedure,
researchers have noted that character segmentation ermors, as
discussed in [1-[4] contnbute beavily o the OCR ermor rate.
The well-known tests of commercial printed text OCR sysiems
conducted by University of Nevada, Las Vegas [ 5], also support
this observation. In many occasions, the adjacent charcters
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touch each other in the scanned image, and separation of such
touching characters 15 a major problem. This 15 because the
text s typically segmented by connectvity analysis, which
considers touching characters as a smgle unil.

This paper 1sconcemed with the problems related to wuching
characters. Fujisawa et al [3], Elllman and Lancaster [6], Casey
and Lecolinet [7]. bave presented elaborate surveys on character
segmentation. These sudies are manly aimed at character sep-
aration for OCR, but some references contain discussion about
segmentation of touching characters as well. From these refer-
ences, we find two categones of approach, where 1) the wuching
character segmentation and recogmtion go hand-in-hand, or 1)
the recognition 15 attermpted withoul segmentation (Or Segmen-
Lation 15 implicil in nature).

Some detailed concept of the first category may be found in
[1] and [8]. Here, the basic principle is to generate the seg-
mentation hypothesis based on some objective (or discrimina-
tion) function and then to choose the best hypothesis. In this
process, multiple sequences (or cut columns) are obtained from
the touching character pattems, and each sequence 1s assessed
based on the recognition result. The method reported by Liang et
all [9] was also based on the strategy proposed m [ 1]. However,
they used a discriminating function that was different from the
onge used in [1]. The approach proposed by Bayer and Kressel
[10] was also based on the technigue of generating and testing
the cut hypothesis for segmentation of touching characters with
the difference that the decision rules were created automatically
rather than by man-made heunstics. Kahan efal [11] vsed pro-
jection-profile analysis where the curve for the vertical projec-
tion was first obtained, and then, the ratio of the second deriva-
tive of the curve o its height was wsed as an objective func-
ton. Later on, their method was improved by introducing a
peak-to-valley function [12]. A prefiltering was implemented
by Tsujimoto and Asada [2] in order 1o intensify the function.

Among others, Rocha and Paviidis [ 13] presented a different
approach where character segmentation 15 imphcil o nature.
The method attempts w0 match sub-graphs of features with pre-
defined character prototypes. Different alternatives are repre-
sented by a network whose nodes correspond w the matched
sub-graphs.

Most of the techniques discussed above deal with Roman
serpts and, o the best of our knowledge, no similar study is
available for Indian language documents. This paper is an at-
tempt to fill that gap. The development of OCR systems for
the Indian language scripts has recently been a serious area of
research because of its large market potential. As a resull, a
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Bangla OCR system [14] and, later on, a bilingual { Devnagari
and Bangla) OCR system [15], [16] has been developed. The
motivation for developing this bilingual OCR was that since
both Bangla and Devnagari are derived from the same ancient
scrapl Brahmi, they have many features in common. The char-
acter names in the alphabet are the same, only their graphemic
shapes are different. Devnagari is the most popular script on
the Indian sub-continent and s used w wrile Hindi (the most
popular Indian language) as well as Sansknt, Marathi, Sindhi,
and Nepali language with minor modifications. On the other
hand, Bangla, Assamese, and Manipuri languages are wnllen in
Bangla scopt. In wotal, more than 700 million people vse these
languages in India, Bangladesh, and Nepal.

The work described in this paper s a part of our OCR project
on Devnagan and Bangla. Our onginal system yields recogni-
tion accuracy of about 98% for documents of good print and
paper quality. However, it shows poor performance for docu-
ments like

1) old books: print and paper quality inferor due Lo aging;

2y copied materials: documents like photocopies or faxed

documents, where print quality is inferior 1o the orginal;

3) newspapers: generally printed on low-guality paper, etc.
For such degruded documents, the system recognilion accuracy
comes down o 85-90%. We observed that the charcter seg-
mentation phase s crucial in contributing to thisermor. [Lis statis-
tically surveyed [17] that Hindi and Bangla documents from old
books, photocopies, or faxed documents, newspapers, ele. con-
tain 5 1w 13% touching characters, which the classifier cannot
propedy tackle. Even in good-quality documents, some adja-
cent characters touch each other due o inappropriale scanning
resolution.

To tackle the touching characters in Devoagart and Bangla
documents, at first, we attempt 1o identify the touching char-
acters. Next, they are segmented imto constituent ones using i
fuzey decision-making approach. A typical set of touching char-
acters in the Devnagan and Bangla scripts 1s shown in Fig. 4.
Sometmes, it is difficult even for humans to isolate the char-
acters from certain touching pattems, and the touching process
may be considered as a fuzzy phenomenon. Moreover, the se-
lection of approprate cut columns (ie., segmentation points)
depends on many factors, making it a multifactorial decision-
making problem. So, the framework for fuszy multifactorial
analysis 15 used w segment the wouching charmceers in Devna-
gari and Bangla documents.

In our approach, we do not crisply select a pixel column for
segmenting touching characters. Rather, we assign fueey mem-
bership to all the columns. To assign the membership, we eval-
uate each column against a number of factors on which the se-
lection of cut column depends. For this multifactorial evalua-
ton, we use additive standard multfacorial (ASM) (unctions
[18]. Once this evaluation 1s done, the pixel columns i the
image of the touching characters are then sorted in descending
order according o their degree of membership.

These membership values are used o predict the right cut
column(s) to get the correct component character sequences
from the touching characters. For this purpose, we use a concepl
similar 1o the concepts of predictive parser [19] used in compiler

design for programming languages. Because of this technigue,
unlike the methods described in [1], [2], and [9], our approach
substantially reduces the number of possible cut columns. Ex-
tensive studies with different text documents have attested Lo the
feasibility of the proposed algorithm.

The rest of the paper is organized as follows. Section 11
discusses some of the properties of the Devoagan and Bangla
script and the technigues for line, word, and character segmen-
tation that are employed inour system [ 16]. In this section, we
also look at the problem melated o the ongin and propertics
of touching characters. A general discussion on the fuzey
multifactorial analysis echnigue is presented in Section 111
Section IV oullines identification of touching characters and
their segmentation by the fuzzy muoltifactorial evaluation
technique. The proposed approach 1s tested on a considerable
number of different documents, and the results are presented in
Section V. Section V1 contains concluding remarks.

II. DEVNAGARI AND BaNGLA OCE PREPROCESSING AND
TOUCHING CHARACTERS

Since Devnagan and Bangla are Asian scnpls, we descnbe
some of their properties for the benefit of wider readership. In
both serpts, the writing style is horizontal, left to right, and
the characters do not have any uppercase/lowercase distinction.
There are 50 basic chamclers in both senpts having neardy
one-to-one comespondence. Moreover, the corresponding char-
acters are called by the same name. Among the characters, the
vowels often take modified shapes moa word. Such characters
are called modifiers or allographs. Consonant modifiers are also
possible. Momeover, several consonant charcters may combine
to form compound characters that partly retain the shape of the
constituent characters. Most compound characters are formed
by joining two consonants, but consonant compounding of up
to four is possible. Because of them, the number of characters
Lo be recognized in each script 15 about 304,

The set of basic characters (with a small subset of compound
characters) for both senpts are shown in Fig. 1. The number
of compound characters in Bangla and Devnagan 1s more than
250). However, in both seripts, the compound characters occur
less frequently (only 3 w0 7%). For a large number of charac-
ters (basic as well as compound), there exists a horieontal line
at the upper part called shivorekha in Hindi and matra in Bangla
language. For our convenience, we call it headline. The charac-
ters of a word are actually connected through the headline (see
Fig. 2). Many chamciers, including vowel modifiers, in both
scripts have vertical strokes. The punctuation mark for perod
or full stop is also a vertical line.

In both scripts, a text word may be partinoned into three
zones. The upper zone denotes the portion above the headline,
the middle zone covers the portion of basic and compound char-
acters below the headline, and the lower 2one may contain where
some vowel and consonant modifiers can reside. The imaginary
line separating the middle and kower zone may be called the base
line. A typical zomng 15 shown in Fig. 2.

Before we discuss the problem related o the touching char-
aclers, we briefly describe the preprocessing steps followed in
the OCR system [ 16] developed by our group.
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Fig. 1. Basic characters in (a) Devnagari and (h) Bangla scripts. First mow
contains vowels and the second and third rows contain consonants, A small
subset of compound chameters is shown in last tao noas.

A, Text Digitization and Preprocessing Technigues

In our system, text digitization 15 done by a flathed scanner
having resolution between 100 and 600 dpi. The digiteeed
tmages are usually mogray tone, and for a clear document, a
simple histogram-based thresholding approach 1s sufficient for
converting them o two-tone images. The hiswogram of gray
values of the pixels shows two prominent peaks, and a middle
gray value located between the peaks 15 a good choice for the
threshold.

When a document page 15 fed o the scanner, it may be
skewed by a few degrees. The pages of a thick book create
more problems since the scanned images may both be distorted
and skewed. There exists a wide varnety of skew detection
algonthms based on projecoon profile, Hough transform,
nearest neighbor clustenng [20, docstrum analysis [21], line
correlation [22], ete. Chavdhun and Pal [23] proposed a new
approach that employs the headling of Devnagan and Bangla
script. Inour system, skew detection and correction 15 done by
the method descnbed in [23].

B. Line, Wourd, and Character Segmentation

Omnee the wxt blocks are detected, the system automatically
finds individual text hnes, segments the words, and then
separates the characters accurately. The text lines are detected
by finding the valleys of the projection profile computed by a
rowy-wise sum of black pixels. This profile shows large values
for the headline of an individual text line. The position between
two consecutive headlines, where the projection profile height
15 muinimum, denotes the boundary between two text lines.

The words of a text ne are distinguished by lookmg at the
vertical pixel projection profile, where gaps between the words
show up as reasonably long mimma. Character segmentation 1s
done after the individual words are identified. Since characters
in 4 word are usually connected o each other through the head-
ling, they get disconnected once the headline 15 erased. How-
ever, inour system, for segmenting the charmeters, a connected
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Fig. 3. Charactersegmentation through headli ne deletion. {a) Devnagan word,
{b) Devnagari wond after headline deletion. (c) Bangla word. {d) Bangla word
after headline deletion.

component analysis 1s implemented for the regon just below the
headline. Fig. 3(a) and (b) shows segmentation of a Devnagad
word into its constituent charmeters. Fig. 3ic) and (d) shows the
same for 4 Bangla word.

C. Problem of Touching Characters

The technique for charmcter segmentation, described previ-
ously, treats chameters touching each other as a single character
and leads o the fatlure in the character recognition phase. Faxed
documents, photocopies, old books, newspapers, ele., contain
a considerable number of ouching characters. The module for
automatic separation of ouching characters 15 essential for suc-
cessful OCR of such documents.

For designing such a module, we camied out a study on rel-
ative abundance of woching charmcters in various printed De-
voagart and Bangla documents. Sample documents were col-
lected from leading newspapers, books published more than 20
years ago, faxed documents, photocopies, ete. The number of
document pages taken from these sources and the frequency of
touching characters found there are summanzed n Table 1 The
table shows that the old books contain the highest percentage
of touching characters. This is due to the font style, inferior
printng, and paper gquality as well as aging of docuoments. Some
typical wuching charmeters are shown in Fig. 4.

Mext, we mntroduce some observations based on the statistical
analysis of wouching charcers.

* Observation I In most cases, an image of woching char-
acters contains two characters. Three or mone characters
touching each other are mre. More details are given in
Table 11

* (bservation 2: The combined shapes of touching charac-
ters are markedly different from any valid character (on
the other hand, in Roman script, characters like *r™ and
“n,” when they touch each other, look like a valid char-
acter “m’).
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TABLE 1
RELATIVE ABUNDANCE OF TOUCHING CHARACTERS 1IN DEVNAGAR AND BaNGLa DoOCUMENTS (D DEVRAGARL B: BANGLA)
Docurnent Type O Books Fhatacapy Newspiper Faz-Document Total
# Documents an (o} Tasim [ T 10 oy 100 {0}
4 (B} 25 {B} 25 (B) 10 (B) 100 ¢B)
# Charactera ] 38136 (D) 38325 (D) 3343 (D} 122667 (B)
78126 (B) 40682 (B) 38749 (B) 4123 (B} 158579 (B)
# Touching G201[11.2%]1 (D) | 308908, 181(D} | 2014[6, 7HI{D} | 273[7.1%1(D) | 11677[E.THI{D}
cheracters | H090[12.1%](B) | 4686[11.3%] (B) | 37127 0%1(R} | 326[7 %1 (B) | 16714[10.5%] (B
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Fig. 4. Some touching characters found in {a) Devnagan and (b)) Bangla
documents.

* (fservation 3 Touching characters generally have an as-
pect ratio (width/height) larger than that of single isolated
characters.

o Observation 4: A smgle black run 15 encountered at the
touching position in mosk images.

* Observarion 5: The ventical thickness of the black blob at
the touching position 15 wsually small compared with the
thickness of other parts.

* (Mservation 6; The consttuent characters have a tendency
to touch each other at the middle of the middle zone rather
than at the top or botom of the zone.

¢ (Mservation 7 The character parts genemle uncommon
(quite a few m number) stroke patterns above and below
the touching points.

IIl. Fuzzy MULTIFACTORIAL ANALYSIS

In 1982, Wang [24] first defined the concept of factor spaces
and applied it to the study of artificial ntelligence [25]. In his
factor space theory, the word factor 15 the primary term that
15 denoted by a noun. It has properties like state denoted by a
numeral and characteristic by an adjectuve. The factor weight,
for instance, is a noun; 120 0b, 150 Ib, etc., are its state; heavy,
light, etc., are its chamelenstics.

Li and Yen [26] have discussed four types of factors, namely

1) Measurable Factors—{actors like ime, height, weight,

ele., that are measurable and for which the state space
(1.e., the mnge of values) can be epresented as a dis-
crete subset of an mterval. For example, state space for
the Factor weight can be represented by subset (1, 2, ...,
3000y,

2y Nominal Factors—Vactors that are gqualitative i nature
and whose stale space are sets of lerms. For instance, the
state space of the factor religion is given by (Hinduism,
Christianity, . .., Islam).

Degree Factors—{actors for which the state spaces are
usually the interval [0, 1], Degree of similanty, feasibility,
portability, ete., are the examples under this category.
Switch Factors—I{actors for which only two values (ves
or na) are possible.

3)

4

B ecause of their boolean characteristics, we call class 4) boolean
factors.

Forclass 33, we call the factors fuzzy factors and employ them
i our problem. In this comection, a brnefl discussion on fuzzy
multifactiorial analysis 1s given in the following.

Consider a decision-making problem where we try o find
an optimal soluton or solution-sel against some objectives. Al
first, we identify the objects based on the objectives to be satis-
fied. For instance, in segmenting touching characters, each pixel
columnin the woching-charmcter image can be viewed as an ob-
jJect, and our objective is o find colummnis ) that segment the char-
aclers in an optimal way. Objects are related 1o a number of fac-
tors, and the identification of an object depends of the states of
these factors. For instance, an employee inan office has his'her
owndata: name Mr. X, age, 30 years, sex, male, and department,
accounts, ete. So, an employee 1s dewermined by specifying the
states of each factor relevant to him/her. By specifying a number
of factors, Mr. X can be uniguely determined and described by
them. Hence, an object hke a point n Cartesian space can be
viewed as residing in a space constructed by the factors.

However, an object may not have significance 1o an arbitmary
factor. For example, it is meaningless to discuss factors such as
time or mass of a pixel column in segmenting touching charac-
ters. So, we say a factor §isrelevant to an object g only if f has
sigmiicant importance 1o &, By specifying the factors relevant o
the objects dentufed under the problem specification, our goal
15 o uniquely determine the object(s) that gives the optimal so-
lution.

After the objects and the factors relevant o them are wen-
tified, we go for evaluation of the factors against each object.
Suppose v mutually independent factors [\, fa,... . f, are
identified as relevant o an object o and, say, me such objects
gttty are located under the problem o be solved.
Let [ = 1, 05, .. -- Js be the set of & factors. Then, for each
of the me objects o (i = 12 m), we get w different
values (or states) cormesponding o the w factors, and in total,
m different evaluations are obtained: one per object. Let
r s B b the set of e evaluations for me objects,
and for each ¢;, there are o values 5,59, -0, Vet one for

LI S P
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TABLE 1l
NUMBER OF CONSTITUENT CHARACTERS ToucHmG EacH OTHER
Seript # Toucking chorgeters An finoye of toucling choracters conaista of
Two chpracters | Three charsctiera | Four characters
Devnagari 11677 11163 {96.68) 394 (3.4%) nil
Bangla 16714 16277 481.4%) 263 (5.TH) 484 (2.00)

cach of the s different factors. We represent these values in a
matnx called the evaluation matrix

L8 B - QRN
i7z] taa T,

: 3 (1)
Ul Vm2 o Vg

where 1 18 the number of factors, 1 15 the number of evalua-
tions, and each column in V' orepresents one evaluation.

Now, from this matrix, it is very difficult o choose any eval-
uation as the solution because each of them consists of « dif-
ferent values for n different factors. So, we design a function
A, that maps a re-dimensional vector [ TP T |
into a 1-D sealar. Mathematically, it is represented as M,,0 [ =
Mo (fifeo o f00 Sinee M, is a function of factors, it is
called a multifactorial function.

Here, we are interested in factors that are fuzzy in nature. So,
the state space of the factor { 1)) | is represented by closed unit
intervals [0, 1] We also restrict the design of Ay, so that the
synthesized value should never be greater than the largest of the
component values and should never be less than the smallest of
the component values, 1.e.,

Tr ik

N\ £ 2)

Inthe literature, a function like A7, that sausfies the above con-
dition in (2) 15 called an additive standard multifactorial ( ASM)
function. Next, by applying such an ASM function A7, on V',
we make a multfactonal evaluation as follows:

=L

PL e (et ey i) (3

where vy = M, (i, .- 3 ford =1 o ne

As we deal with fuzey factors, all the »,s are m [0, 1]
Smee My 15 an ASM function, the values of all s for
= 1,2 . cemdare in [0, 1], Next, a sscmple search operation
15 perfommed o select v, which 15 the maximum over all s,
L, By = TNaX{ey . W, .. v ¢ Lo indicate that the evaluation
corresponding 1o vy (Le., the kith column in matrix ) should be
adopted as the optimal solunon. However, in our method, we
try to find several »,.s 10 achieve the best possible segmentation
for the touching characters, details of which are presented in
the next section.

IV, IDENTIFICATION AND SEGMENTATION OF
TOUCHING CHARACTERS
Earlier, it was mentioned that segmentation of touching char-
acters needs some extra effort compared with the general char-
acter segmentation. 50, the system should not mvoke this com-
putationally expensive method for segmenting every character.

One approach is o use this technique only for the chamelers,
which are rejected by the mecognition enginge. However, the rec-
ognizer also mejects some charcters other than the wuching
ones. Hence, it is better o identify the touching characters prior
to invoking the special routine for segmenting them.

A. ldentification of Touching Charvacters

In our system, touching characters are identified by a tech-
nique based on multifactorial analysis. For this purpose, two
factors are defined as follows: measure of dissimilarty (f,q)
and aspect mtio (f, )

The first factor [, is designed based on Observation 2, as
listed in Section U-C. Mathematically, [.q 15 represented by
Fot = | — e, where ¢f is the minimum similarity distance
for a target character against a sel of stored prototypes, and o, g
is the offset distance used by the character classifier (which is
the character for which «f less than o, is accepted or otherwise
rejected). Unlike Roman senpt, in Devnagart, or Bangla senpls,
the combined shape of touching characters is markedly different
from that of any valid character. Thus, when the classifier tries
Lo recognize wuching characters, 1t gives a distance measure #f
that is much larger than d,,5. The factor [, takes care of this
phenomenon.

The second factor . isdefined as £, = /01 4+#*], where
o= wh, w, and O are the width and height of the minimum
upright rectangular bounding box of a charmcter, respectively.
As per our Observation 3 in Section 11-C, itisto be noted that [,
is designed o reflect the fact that touching characters generally
have an aspect ratio (/%) larger than that of single isolated
characters.

Now, for each character rejected by the classifier, its f,, 5 and
Jie are evaluated. Next, a multifactorial function 3, is used to
mup the 2-D vector into a scalar quantity as Mea{ Vo, faa? =
| F2( fre + fir ). Note, that the spaces constructed by both the
veclors are theoretically bounded by the interval [0, 1], and A,
retains the properties of an ASM function, as given in (2). Ba-
sically, 34;; determines a degree of membership for each of the
characters for which it is evaluated. 1f this degree of member-
ship associated with a component 15 above a threshold, then it is
deemed as wuching character.

B. Multifactorvial Analvsis to Find the Cut Position

In our approach, multifactonal analysis used o select the cul
columns for separating the wouching characters is based on five
fuzzy factors. The factors are as follows:

« [ inverse crossing-count = ¢ I', wherne ¢ is the vertical
crossing count (number of white to black transitions) for
a pxel column.

The factor f;. is designed 1o reflect the property stated in Ob-
servation 4 in Section L-C. Hence, if a column scan encounters
crossing count larger than 1, the column is less favorable 1o be
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Fig. 5. Fentums extmoted during column scan. X is a pixel column. T is the
height of the middle zone. pis the midpoint of the black run whose thickness is
denoted by ¢ Fy and I are distances of point p from the highest and lowest mow
of the middle zone, respectively.

a cut column. Moreover, as per our Observation 5, the vertical
thickness of the black blob at the touching pointis always small
compared with the thickness of the other character parts; so, we
design the second factor () to take care of this as follows:

« faimeasure of blob thickness = | — #/1, where # (see
Fig. 5) 15 the number of black pixels (measured i the
middle zone of a character) encountered in one column
scan, and ¥ 1s the height of the charcter’s middle zone.

Here, it 15 to be noted that forevaluaton of 5, and L.
no extra computation effort is needed o compute ¢, #, and
T'. These are precomputed by the recognition engine for
character classification, and hence, these values are only
reused in the routine for se paration of touching characters.

To take care of Observation 6 (n Section L-C), column
scans are observed. Whenever a black part 1 encountered
in any column scan, the factor fr,, defined in what follows
is used to check whether it belongs to the middle region of
the character’s middle zone.

* Lo degree of middleness = windly. L el 10,
where [; and {y are diagrammatically explained in Fig. 5.

In Fig. 5, p is the midpoint of the black run, and 1} and
{ are the distances of p from the uppermost and lower-
most row of the middle zone, respectively. Note that fy.,
becomes 1 if the black mn is exactly at the middle, and
it becomes less than 1 if the black run is away from the
middke region.

The other two factors are designed according w0 our Ob-
servation 7, stated in Secuon [1-C. To formulate them, we
carry out a statistical analysis of the database of touching
characters and analyze different stroke pattems formed at
touching points. For this purpose, the stroke pattems above
and below the wuching points are exammed. This 1s done
by wsing a 5 x5 gnd, whose (3.3) element (1., the in-
nermost square ) 15 considered as the touching point. Five
different stroke patterns are detected above the touching
points. We call these patterns u patiems. Similarly, five dif-
ferent pattems (-pattern) are detected below the touching
points. These patterns are shown in Fig. 6 with example
mmage of touching charcters.

In the fuzzy frequency analysis, these patterns are
treated as fixed elements @« € X (universe) and the data-
base of sample wuching characters 1, (say, & number

of samples are there) is wsed w0 compute the relative
frequency of i@y in A... This is computed as follows. The
relative frequency of @ in 1. = (number of observations
of ey rol ) = (). As Y increases, the relative frequency
tends to stabilize or converge o a fixed number; this
number is called the degree of membership of vy in A,
Table 111 shows the degree of membership for the patterns
listed in Fig. 6.

In each column scan, presense of any u pattern and |
pattern are recorded in two boolean variables I, and T,
respectively, and based on therr values, a column gets two
different predefined weights, W, and W5, for u patern
and | pattern, respectively. These weights are computed
as follows, If 14, then W, = . else 1, = | — ey, , and
similarly, if By, then W75 = wy, else T = 1 — . In owr
tmplementation, g, and ¢ both are less than 1 but greater
than (L5,

The fourth factor [y is evaluated by the following
equaton, which combines weight 14, and the member-
ship functions A membership of I, as given in
Table ).

o Fop WL —w)x A,] A 1. In the above equation,
the symbol () represents logical AND operation, i.e., the
term [{ | — ) = Al is added with 147, only if /4, is
true. Similarly, the fifth factor [, is evaluaed by the
following equation:

o B4+ L — wrd = .»J.,u] M, where —L- is the
membership function whose values are associated with (=
£ in Table 1L

Next, let ne be the total number of pixel columns in any image
of touching characters. For all the m columns, the above five
factors (fie, fines Fooc Fupsand froo ) are evaluated, and a 5 xn
one-factor evaluation matrix is formed as follows:

g
11 P e il

J .II.-'.'L L {z" I .?.u.,-,-!.

Ff" oo -'II'J'rrl -'Iril.ll.u ! [4}

|I| JrE 111
! _iu:p up v
; & 2

-r.rn.n.': -fi-:-:n.' f,l',-_. s

Each column in matrix T, represents each pixel column in the
image and consists of a 5-D vector that reflects five different
aspects for that column to be a cut column. Next, these five
aspects get combined and mapped into a 1-D scalar by an ASM
function &, . The function A4, transfonms the 5 =0 matnx ¥,
into a 1 xvo matrix ¥V oas follows:

S

where fi ML Fre £ Py F
e = Jop T Fiae i3 ¢ varies from 1 to v,
Since the state spaces of all the five factors are theoretically
bounded by the interval [, 1] and A{, retains the property of an
ASM funcuon (discussed in Secton ML), the state space for [} is
also bounded by the interval [0, 1] Actoally, A, 15 used o give
cach pixel column (#) a degree of membership (7 that reflects the
possibility of the sth column o be a cut column for separating
characters. Higher [, value indicates larger possibility for that
column to be a cut column.

sy (5)

1i8Ufl + foe +
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Pattern | Shape s Fattem | Stape Eorungks
| VO Epg % 2 | AN | S %
| LV HA (R | s [N | GH | #
o N W F| 4] W W
w| | = PR | TN - |-
w |~ PH | B ||| | P | B

(b}

Fig. 6.  [ifferent shapes formed at touching points. (a) .. are the u patterns that show shapes above a touching paint. (h) & are | patterns that show shapes

helow a touching point.

TABLE M1
DEGREE OF MEMBERSHIP FOR THE U PATTERNS AND L PATTERNS
t-paiterns count Membership || -patterns count Memberahip
(total:28291) | (frequency) {total:28291) | (frequency)
Fl 16306 0.541 B 17682 0.625
P 5402 0.297 P BAEE 0.2
P 2292 0.06L By 122 0.075
F 1528 0. 054 Pha 2172 0.075
Fos TE4 0.027 f= TOT 0,025

Algorithm I. Confirmation of cut columns
confirmCut (% press)

Comment: F[l. wm] is the image of the
pattern to be segmented. Variable pisy
is used to restrict the number of a
ternatives tried in each pattern. The
variable m is the width[I'] in terms of
pixel-column. The function parent(l] re-
t ge of I’ and
4+ 3 +

E i
turns NULL if [ is the initial pa

Stepl: if (I’ == NULL})
error msg (“Segmentation Failure.”); re-
turn;
Step2: = width [Y;
Step3: if (puss == L}{
Find ¢ for which J%= maxl(fL 07, ... 0™
//fi wvalues are given by (5).

1 Pl and P2 a4 1om|;

}
elzse
Find j for which /¥ is the second
highest
among all [/ where & L ...,
1 =P 4] and P2=07% 1l.wml;
I

Stepd: Call Character Classifier to recog-

nize both FHl and M2.
Step5: if both 'l and 2 are recognized
then # is the correct cut column. Return;

Stepb: if Pl is recognized and M2 is not
recognized then confirmCut (*2,1); // Re-
cursive call

Step7: if 'l is not recognized and 2 is
recognized then confirmCut (M,1); // Re-
cursive call

StepB: if both ’l and P2 are not recog-

nized then

1t (ks 1}
peis = 2; GOTD stepl.
else

confirmCut (parent [’],2); //Recursive
call
END

C. Confirmation of the Cut Columns

Researchers proposed various alternative approaches for the
confirmation of cut columns. Casey and Nagy [1] proposed re-
cursive tests of all combinations of admissible separation bound-
aries until they either exhaust the set of cut columns or find an
acceptable segmentation. Liang ef al. [9] developed another al-
gorithm that implements a forward segmentation or a backward
merge procedure based on the output of a character classifier.
Both procedures are slow since the character classifier spends
time in altempling Lo recognize many patterns that are not valid.
Tsujimoto and Asada [2] constructed a decision tree and a set
of additional rules toobtain the comect character component se-
quences. Their algorithm also requires intensive computation Lo
build a decision tree and search for a correct path.
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Fig. 7. Confirmation of cut columns for a Bangla triplet.

In our approach, we have attempted to redoce the computa-
tion by predicting the most favorable cut column before char-
acter classifier is used to confirm it. This concept is borrowed
from the predictive parser concept that is well known in the
field of compiler design for the programming languages [19].
Here, the column having the highest f, value is predicted as the
most favorable cut column. The components fommed by this cut
column are sent to the classifier, and based on its decision, the
algonthm goes forward 0 the next cut column or tries with the
column having the second best [, value. The algordthm termi-
nates when all segments generated by selected cul columns pass
through the character classifier. The algorithm in a pseudo code
15 given in Algonthm L

To reduce computation time, for cach pattern, only the top
two [, values that belong to the current pattem are used as two
successive predicted cut columns. The test mesults (presented
in the next section) show remarkable accuracy in hinding the
correct cul columns. This fact attests w our approach of vsing
£+ values to make the right predictions.

Fig. 7illustrates the alzorithm for a touching triplet in Bangla
scropt. Fig. 7(b) shows the three cut columns (columns) having
top three [ values for the touching character shown in Fig. 7(a).
Column + has the highest [ value, so it is predicted as the most
favorable cut column, yielding patterns P1 and P2. The classi-
fier recognizes P2 as a valid character, whereas Pl is rejected
[Fig. 7(dy]. P1 15 then segmented by the cut column (column )
having the highest [, value within P1 [see Fig. 7(b) and ic)].
This cut yields P3 and P4, both of which are rejected by the
classifier [Fig. 7(d)]. So, the algorithm chooses the next cut
column (column & having the second highest [, value within
F1). yielding patterns P53 and P6, both of which are accepted by
the character classifier. AL this stage, the algonthm terminates
for this touching character.

(a) (b)

Fig. 8. Examples show identification ermor,

V. TEST RESULTS

In our expenment, we have used documents listed in Table 1.
The documents ame scanned al vanous mesolutions using a
flatbed scanner. All algorthms in this paper are wiitten in C
and executed on a Pentium-11 333-MHz machine.

A. Accuracy in Identifving Touching Characters

Or proposed approach has two partsin dealing with wuoching
characters: 1) dentification and u) segmentation of touching
characters. Each of these two modules is tested in isolation so
that their performance can be quantified separately. The exper-
tment 15 done on 11 577 Devnagari touching characters (16714
for Bangla), as listed in Table 1L Test results show an overall
98.87% (for Devnagard) and 98.63% (for Bangla) accuracy in
identifying the touching characters. Two types of emrors occur
during wentification.

1) False identification: some valid characters (not wuaching
but rejected by the inital classifier) are dentified as
touching chameters.

1) Rejection: some wuching chameters are not wentified at
all.

The first type of errors oceur in the case of some compound
characters (where two basic characters combine cach other side
by side) present in both the seripts, e, when the character clas-
sifier could not recognize some compound characters (because
of shape deformation, presence of noise, or scanning resolution,
ete.). These mejected characters, in some cases, give high value
for fi,. leading o ermor m the Wentficanon module. However,
the rate for such emor is as low as 0.46% (for Devnagan) and
0.58% (for Bangla). Fig. 8(a) and (b) shows two examples of
such compound characters.

We find two reasons for the second type of emors: 1) wide
varation m character widths and 1) high degree of degrada-
ton in some scanned documents. In rare occasions, the width
of atouching-characier pattem (where one or more consttuent
characters are relatively thin i width)is even less than that of a
single basic character. In such cases, [, is low, leading to error
in the identification module. In another simation, the ordginal
classifier may give high similarity measure (but rejects the char-
acler since the measure is kess than predefined threshold) for a
deformed touwching character, and f,.¢ gets low valoe. Fig. 8(c)
shows an example, which was mejected by the character classi-
fier but not identified as a touching patlern.

B. Segmentation Accuracy

The touching charcter segmentation module shows 98.92%
and 98.47% accuracy for Devnagan and Bangla senpls, respec-
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Fig. 9.

Some examples show segmentation fuilure,

tively. Three different sources are identified behind the errors
occurnng at this stage:

1) constituent characters that deeply touch each other, and
the touching pointis as thick as (or even thicker than) the
average character stroke [see Fig, 9a)]; the segmentation
algorithm fails for this reason in 0.73% and 0.98% of the
cases for Devnagari and Bangla, respectively;

i) italic style of characters [see Fig. 9(b)|; a phenomenon
causmg segmentation error in 0.23% and 0.34% of the
cases for Devnagari and Bangla, respectively;

i) unpredicted touching position [see Fig. 9ic)] due o ex-
cessive degradation of the document.

For this reason, we encounter segmentation fatlure in (). 12% and
0.21% of the cases for Devnagar and Bangla, respectively.

Segmentation errors can be reduced by allowing more than
two predicted cut columns, but since it slows the segmentation
speed, we restrict the number of predictions to two. On the other
hand, use of a language bigram model will hopefully improve
the overall segmentation score. In this technigue, multiple cut
columns are selected based on classifier’s positive response, and
then, final acceptance of a cut column is decided by looking at
the bi-gram or tri-gram statistics of the language.

C. Effect of Scanning Resolution

To test how sensitive our lechnique is to the variation of scan-
ning resolutions, we selected 40 representatve documents (20
for each script) from our dataset (see Table 1). Each of these
documents were scanned at five diffrent resolutions: 75, 150,
200, 250, and 300 dpi. Character font size (in points) in these
documents varies from 12 1o 24, 1t s observed that there s a
neghgzible change in number of wuching characters in images
scanned at 300 and 250 dpm, but below 250 dpi, the number of
touching characters gradually increases (for both Devnagan and
Bangla documents) with the decrese in mesolution. On an av-
erage, if =+ 15 the number of chamcters i a document scanned
at 250 dpi (or higher), then gradual increments in number of
touching characters for that document at various lower resolu-
tions are as follows:

200 dm
IRETER

150 dm
(1003,

(150

Though the number of touwching characters increases with the
decrease in resolution, our algorithms show stable performance
both for identifying and segmenting wuching charmcters. In fact,
this consistency in perdformance shows the adequacy of our fea-
ture selection process. It s examined that accuracy i wenti-
fying touching characters is quite high as 99.11% (Devnagan)
and 98.95% (Bangla) when documents are scanned at 250 dpi
or more and never less than 97.65% (Devnagan) and 97.20%
(Bangla), even when scanning resolution 15 as low as 75 dpi.
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Simularly, segmentation accurmcy 15 99.30% (Devnagarn) and
98.90% (Bangla) for documents scanned at 250 dp or more,
and these figures for 75 dpi are 97 .83% (Devnagari) and 97 .30%
(Bangla).

D, Improvement aof QUR Accuracy

The addition of an extra module for processing of wuching
characters empowers our onginal OCR system [16] 0 process
degraded documents having large number of touching char-
acters with higher recognition accuracy. This achievement
has been tested by using documents of types listed in Table L
Expenmental results show mmarkable mmprovement i the
OCR recognition rate for handling these types of documents.
Fig. 10(b) shows our original OCR output for an input photo-
copied document shown in Fig. 10{a) (Hindi), and Fig. 10ic)
shows the result on the same input document from the same
OCR integrated with the module that takes care of the wuching
characters. Fig. 11 presents such comparative studies for ten
documents {details listed in Table V) for both types of scripts.

E. Svstem Throughput and Efficiency Measure

Somenmes, addition of a new module o an existing system
may decrease the overall throughput (i.e., the amount of work
that can be performed by a compuler system or component
in a given penod of tume [27]) of the system as it does some
extra computations. Hence, effort should be made so that
throughput never suffiers drastcally. Keeping this in mind, we
have attempled to design the module for processing wuching
characters in a way that the overall OCR throughput never
goes down below an acceptable level. We have checked this by
defining throughput for our OCR as " = ¢7/¢, where

T system throughput;

€' ol number of characters properly recognized by the

OCR;

/ total time elapsed for this operation.

The term # includes tme for processing all the OCR steps,
starting from gray-to-binary conversion of a digitized document
till production of the final output.

A test on the dataset shown in Table 1 shows that in the modi-
fied system, the overall time elapsed for processing a document
15 slightly more than the ome taken by our original system, but
the throughput never degrades. On the other hand, for the doc-
uments having a large number of touching characters, there is
a considerable improvement in the system throughput. The e
sults for ten representative documents (five for each script) are
illustrated i Table IV,

An efficiency measure of the algorthm is important because
cach ume a cul column is selected, the character classifier
15 called w recognize the segmented components generated
by the cut column. S0, the more the number of invahd cut
columns, the more intensive the overall computation. Let v,
be the number of valid cut columns and 2, be the wotal number
of cut colummns checked w find valid cuts that we define
efficiency = [, 00 A

In our method, we select cul columns by looking at the pre-
diction generated by Algorithm 1 This technique generates a
number of unsuccessiul cut columns less than the number that
would have been generated if methods (that select cut columns
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(b

Improvement of (0O R accumey. () Input Hindi photocopied document contains 835 characters out of which 66 {7.9% ) are touching shown by underline.

TR T HY e

{c)

(h) Original OCR {without any module to process touching characters) output and fc) modified OCR {integrted with the module that takes care of touching
characters) output. Output in (h) and () show recognition accuracy of 89.34% and 96.89%, respectively. Underlined characters ane misclassified | and chameters

rejected by the OCR are represented by the symbol =@

TABLE 1V
Evarvuamon oF 5ySTEM THROUGHPUT {DEV: DEVNAGART DOCUMENTS:; BAN: BANGLA DOCUMENTS)

Dovumments | Totel no. | Todad no. of | No of char, properly Titne token by Throtghput
of char. touching recognized by {in seconds} (char./=sac)
char. Original | Medified | Original | Hedifled | Original | Modified
DCR OCR aCR OCR OCR DCR
DEVD1.tif 803 T Bo1 BST 14 16 42 a0
DEVGEZ.tif B3 46 766 BiH 17 20 44 a0
DEVO3.tif Taz 61 BF1 T8 15 18 45 41
DEVQ4.tif 1308 irg 1112 1385 28 L 43 43
DEVOE.tif 14986 289 11B3 1478 28 31 46 (13
BAKNCL.tif 1132 17 1103 1118 24 25 46 4%
BANDZ.tif 1167 77 1076 1144 25 a8 43 41
BANG3 . tif 1662 138 1407 1634 32 as 47 47
BAKGY . tif 1860 8 1714 1838 38 40 48 48
BANGS.tif 2E25 432 2161 2578 45 [1] 48 B2
Total 13506 1486 11EE4 13342 260 292 45 a5

Origirtal v& Modified OCR output

4900 Fe
47.0a
24500
33.00
1.0
Ba.C]
B7.C]
Ba.L.
23.La
.00
BTRER
Tran
va.nn

B Orginal
B Madified

Eacognition Rate

4 8 6 7 B 910
Decumants

Fig. 1l. Improvement of OCR accuracy. The first five documents are in
Devnagari, and the next five are in Bangla, Documents in each script are in
ascending order on the mumber of touching characters present in them.

from left o nght direction) described in [1] and [9] were fol-
lowwed. Experimental results show that our proposed technigue
has efficiency of 79.64 and 78.99% for Devnagan and Bangla,
respectively. This indicates that out of 100 cut columns tested

by our technique, more that 79 cut columns (78 for Bangla) are
valid.

On the other hand, if we use some threshold on f* values [see
(5)] rather than associating the degree of membership and then
select cut columns from left to right, as discussed in [ 1] and [9],
we gel an efficiency of 5748 and 53.65% for Devnagan and
Bangla, respectively. This shows that our idea of using fuzzy
multifactorial analysis is quite justified.

VI. CONCLUSION

We have developed an effective swategy for segmenting
touching characters that appear in Devnagan and Bangla doc-
uments. To the best of our knowledge, this is the first study of
its kind of these two major Indian seripts. Our iechniue shows
high accuracy with a reasonable computational effort. 1t seems
that this technique can be suitably modified for segmenting
touching characters in other scripts ke Roman (English),
ete. Another important aspect of this study 1s the application
fuzzy mulufactonal analysis in a practical problem involving
document image analysis. It s likely that this approach wall
find applications in other document analysis problems.
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