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Abstract

Intensive research has been done on optical character recognition { OCR ) and a large number of articles have been published
on this topic during the last few decades. Many commercial OCR systems are now available in the market. But most of these
systems work for Roman, Chinese, Japanese and Arabic characters. There are no sufficient number of work on Indian language
character recognition although there are 12 major scripts in India. In this paper, we present a review of the OCR work done on
Indian language scripts. The review is organized into 5 sections. Sections 1 and 2 cover introduction and properties on Indian
scripts. In Section 3, we discuss different methodologies in OCR development as well as research work done on Indian scripts
recognition. In Section 4, we discuss the scope of future work and further steps needed for Indian script OCR development.

In Section 5 we conclude the paper.

Kevwords: Optical chameter recognition; Indian script; OCR survey; Indian script OCR

1. Introduction

Optical character recognition (OCR) s a process of
automatic computer recognition of characters in optically
scanned and digitized pages of text. OCR is one of the
most fascinating and challenging areas of pattern recog-
nition with various practical application potentials. It can
contribute immensely to the advancement of an automation
process and can improve the interface between man and
machine in many applications. Some practical application
potentials of OCR system are: { 1) reading aid for the blind,
{2) automatic text entry into the computer for desktop pub-
lication, library cataloging, ledgering, etc. (3) automatic
reading for sorting of postal mail, bank cheques and other
documents, (4) document data compression: from docu-
ment image to ASCI format, (5) language processing, {6)
multi-media system design, etc.

The origin of character recognition was found in 1870
when Carey invented the retina scanner—an image trans-
mission system using a mosaic of photocells [1]. Later, in
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1890, Nipkow invented the sequential scanner, which is a
major breakthrough both for modern television and read-
ing machines. However, character recognition was initially
considered as an aid to the visually handicapped and the
early successful attempts were made by the Russian scien-
tist Tyurin in 1900,

Depending on versatility, robustmess and efficiency, the
commercial OCR systems can be divided into four genera-
tions, The first generation systems can be characterized by
the constrained letter shapes which the OCRs read. Such
machines appeared in the beginning of the 1960s. The first
widely commercialized OCR of this generation was the 1BM
1418, which was designed to read a special IBM font, 407
[2]. The recognition method was logical template matching
where the positional relationship was fully utilized.

The next generation is characterized by the recognition
capabilities of a set of regular machine printed characters
as well as hand-printed characters. At the early stages, the
scope was restricted to numerals only. Such machines ap-
peared in the middle of 1960s to early 1970s. In this gen-
eration, the first and famous OCR system was IBM 1287,
which was exhibited at the 1965 New York world fair [2].
In terms of hardware configuration, the system was a hy-
brid one, combining analog and digital technology. The first
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automatic letter-sorting machine for postal code numbers of
Toshiba was also developed during this period. The meth-
ods were based on the structural analysis approach.

The third generation can be characterized by the OCR
of poor print quality characters, and hand-printed characters
fora large category character set. Commercial OCR systems
with such capabilities appeared roughly during the decade
1975 to 1985 [2-4].

The fourth generation can be characterized by the OCR
of complex documents intermixing with text, graphics, table
and mathematical symbols, unconstrained handwritten char-
acters, color document, low-quality noisy documents like
photocopy and fax, etc. Some pieces of work on complex
documents provided good results. Although many pieces of
work on unconstrained handwritten character are availablein
the literature, the recognition accuracy hard by exceeds 85%.
Very few studies on color documents have been published
and research on this problem is continuing. Also, research
on noisy document is in progress [5.6].

Among other commercial products, postal address read-
ers are available in the market. In the United States, about
60% of the hand-printed is sorted automatically [7]. Read-
ing aid for the blind is also available. An integrated OCR
with speech output system for the blind has been marketed
by Xerox-Kurzweil for English language [8].

At present, more sophisticated optical readers are avail-
able for Roman, Chinese, Japanese and Arabic text [2,9
15]. These readers can process documents which has been
typewritten, typeset, or printed by dot-matrix, line and
laser printers. They can recognize characters with differ-
ent fonts and sizes as well as different formats including
intermixed text and graphics. With the mtroduction of nar-
row range scanners, measuring 3 to 6 in wide, columnar
scanning is now possible. With these scanners an optical
resder can recognize multiple columns or sections of a
page or mailing lists. Some are equipped with software for
spell checking, and for Aagging suspicious characters or
words [5,16].

2. Properties of Indian scripts

In India, there are eighteen official (Indian constitution
accepted ) languages, namely Assamese, Bangla, English,
Ciujarati, Hindi, Kankanai, Kannada, Kashmiri, Malayalam,
Marathi, Nepali, Oriyva, Panjabi, Rajasthani, Sanskrit, Tamil,
Telugu and Urdu. Very recently a couple of other languages
are also included in the list. Among these, Hindi and Bangla
are the first and second most popular languages in India and
fourth and fifth most popular languages in the world, Twelve
different scripts ave used for writing these official languages.
Examples of these scripts are shown in Fig. 1. Most In-
dian scripts originated from ancient Brahmi through wvari-
ous transformations [17]). Two or more of these languages
may be written in one script. For example, Devnagari is
used towrite Hindi, Marathi, Rajasthani, Sanskritand Nepali
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Fig. 1. Examples of 12 Indian seripts: Top to bottom: English, De-
vagan, Bangla, Gujamti, Kamada, Kashmiri, Malayalam, Oriya,
Curumukhi {Panjabi), Tamil, Telugu and Urdu, Here all text lines
have same meaning.

languages, while Bangla script is used to write Assamese
and Bangla { Bengali) languages.

Apart from vowel and consonant characters, called ba-
sic characters, there are compound characters in most In-
dian script alphabet systems (except Tamil and Guromukhi
scripts ) which are formed by combining two or more ba-
sic characters. The shape of a compound character is usu-
ally more complex than the constituent basic characters. In
some languages, a vowel following a consonant may take
a modified shape, which depending on the vowel is placed
to the left, right, top or bottom of the consonant. They are
called modified characters In general, there are about 300
character shapes in an Indian scripts [18].

In some Indian script alphabets (like Devnagari, Bangla
and Gurumukhi, ete.) it is noted that many characters have a
horizontal line at the upper part. In Bangla, this line is called
maira while in Devnagari it is called siroreffia. However,
in this paper, we shall call it as fead-line (see Fig. 2). When
two or more characters sit side by side to form a word
in the language, the head-line portions touch one another
and generate a big head-line. Because of these, character
segmentation from word for OCR is necessary. In some
scripts, however, (like Gujarati, Oriva, etc.) the characters
do not have head-line.

In most of the Indian lanpuages, a text line may be
partitioned into three zones. The upper-zone denotes the
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Fig. 2. Different zones of () English and (b)) Devnagari text lines,

portion above the head-line, the middle- zone covers the por-
tion of basic (and compound) characters below head-line
and the fower-zome is the portion below base-line. Those
text where script lines do not have head-line, the mean-line
separates upper- and middle-zone, while the base-line sep-
arates middle- and lower-zone. An imaginary line, where
most of the uppermost (lowermost) points of characters of
a text line lie, is referred as mean-line (base-ling ). Exam-
ples of zoning are shown in Fig. 2. In this case, the head-
or mean-ling along with base-line partition the text line into
three zones.

The concept of upper-/lower-case characters is absent in
Indian language scripts. Like English. the writing modes of
most of the Indian languages are from left to right. How-
ever, writing mode of Urdu script is from right to left. Also,
Urdu belongs to the Perso—Arabic group of scripts and it
is more calligraphic than any other Indian script. It has two
major font styles namely Nasq and Nastaleeq. Although the
alphabet size is small, the conjoining of characters in a word
makes OCR of Urdu quite challenging task.

3. OCR methods and work on Indian language scripts

Traditionally, pattern recognition techniques are classi-
fied as template- and feature-based approach [2,13,19-24],
In the template-based approach, an unknown pattern is
superposed directly on the ideal template pattern and the
degree of correlation between the two is used for the
decision about classification. Early OCR systems employed
only template-based approach, but modern systems combine
this with feature-based approaches to obtain better results.
For example, the initial Bangla OCR system [18] emploved
feature-based approach for basic characters, while template
matching for compound character recognition.

Feature-based approaches derive important properties
{features) from the test patterns and employ them in a
more sophisticated classification model. The feature-based
approaches can be of two types. namely spatial domain
and transform domain approaches [25-32]. Spatial domain

approaches derive features directly from the pixel repre-
sentation of the pattern. In a transform domain technique,
the pattern image is at first transformed into another space
using say Fourier, Cosine, Slant or Wavelet transform and
useful features are derived from the transformed images. In
the context of Indian script OCR spatial domain features
are mostly used for various scripts like Bangla, Devnagari,
Tamil, Telugu, etc. However, singular value decomposition
and Cosine transform have also been used.

Syntacticor formal grammar- [33], moment-based [34,35)
as well as graph theoretic approaches [36] are also tested for
OCR problems. In the context of Indian scripts, Sinha and
Mahabala [37] employved embedded picture language for De-
vinagari OCR studies. However, no prominent graph-based
work for Indian script is known to be reported in the litera-
ture.

A modern group of techniques have evolved that do not
explicitly derive any feature from the patterns [3,38]. During
training phase either raw or normalized patterns are fed to
such a system, and the system adjusts itself to minimize the
misclassification error of these patterns. The system, thus
trained, is used for classifying the unknown patterns. Best
example of such a system is artificial neural network which
adjust the weights of its links from the training patterns.
These weights implicitly work as features for classification.
Many papers on neural net-based OCR system have been
published in recent vears [39-43]. In Indian context, neural
network is used for numeral recognition [44.45].

Another example of non-explicit feature-based method is
Hidden Markov Model (HMM )} [1,38.46-50]. Statistically
derived parameters play vital role in this approach and it
needs a very large number of training samples to estimate
the probability parameters in a reliable manner. The HMM
are very effective in handwritten character recognition and a
large number ofarticles have been proposed on HMM-based
handwriting recognition. Since work on handwritten Indian
script OCR is at its infancy, no Markov model-based OCR
system is reported on Indian scripts.

Recently Support Vector Machine (SVM) has re-
ceived attention for character recognition along with above
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approaches [30,51,52]. The SVM is a new type of pattern
classifier based on a novel statistical learning technigque.
SWM is well suited for binary classification problems, be-
cause the optimal hyper plane defines the decision surface
between two classes. When SVM technique is applied for
multi-class classification, usually the problem is decom-
posed into a set of 2-class classification problems. The
output class is determined by choosing the maximum of
the output of all S¥Ms. The main difficulty of the SVM
method is to choose a proper kemel. To the best of our
knowledge, there is only one SVM-based work reported on
Indian script recognition [53].

Among other modern techniques, tolerant rough set [54],
Fuzzy rules [39.55], Mahalanobis and Hausdorff distance
[32], Evolutionary algorithms [56] are used for the recogni-
tion purpose. But these techniques are not popular on Indian
seript OCR development.

In fact, there is not sufficient number of studies on Indian
language character recognition. Most of the pieces of exist-
ing work are concerned about Devnagari and Bangla script
characters, the two most popular language in India. Some
studies are reported on the recognition of other languages
like Tamil, Telugu, Oriva, Kannada, Panjabi, Gujrathi, etc.
[18.37.40,42.44.45 53,57-114]. Structural and topological
features based tree classifier, and neural network classi-
fiers are mainly used for the recognition of Indian scripts.
Script-wise work on Indian languages are reviewed below,
At present, several organizations have started work on Indian
languages OCR. Ministry of Information Technology, Gov-
ernment of India, has initiated a Technology Development
on Indian Languages ( TDIL) project under which OCR sys-
tem development for most of the important Indian language
scripts have been taken up by different labs and academic
institutions.

31 Suedies on Devnagari character recognition

OCE work on printed Devnagari script started in early
19705, Among the earlier pieces of work, some of the ef-
forts on Devnagari character recognition are due to Sinha
[37.108]. A syntactic pattern analysis system and its appli-
cation to Devnagari script recognition is discussed in his
doctoral thesis [108].

Among the other pieces of work on Devnagari char-
acter recognition, Sinha and Mahabala [37] presented a
syntactic pattern analysis system with an embedded picture
language for the recognition of handwritten and machine
printed Devnagari characters. The system stores structural
description for each symbol of the Devnagari script in
terms of primitives and their relationships. For recogni-
tion, an input character is labeled and compared it with
stored description. To increase the accuracy of the system
and reduce the computational costs, contextual information
regarding the occwrences of certain primitives and their
combinations and restrictions are used.

Sinha [106] also demonstrated how the spatial relation-
ship among the constituent symbols of Devnagari script
plays an important role in the interpretation of Devnagari
words. There are a number of constraints on these spatial
relationships which characterize Devnagari script composi-
tion syntax. When the word composition is not found to be
syntactically correct, the symbols are substituted with their
resembling counterparts. The symbol substitution rules are
mostly heuristic in nature.

Sethi and Chatterjee [102] also have done some earlier
studies on Devnagari script. On the basis of presence or
absence of some basic primitives, namely, horizontal line
segment, vertical line segment, left and right slant, D-curve,
Cegurve, ete. and their positions and interconnections, they
presented a Devnagari hand-printed numeral recognition
system based on binary decision tree classifier. They [103]
also used a similar technique for constrained hand-printed
Devnagari character recognition. Here, a set of very sim-
ple primitives is used, and all the Devnagari characters
are looked upon as a concatenation of these primitives.
A multi-stage decision process is used where most of the
decisions are based on the presence/absence or positional
relationship of the primitives.

The systems stated above deal with recognizing char-
acters in isolation. They did not show results of scanning
on real document pages. The first complete OCR system
development of printed Devnagari is perhaps due to Palit
and Chaudhuri [96] as well as Pal and Chaudhuri [89]. For
the purpose some standard technigues have been used and
some new ones have been proposed by them. When two or
more characters are combined to form a word in Devnagari,
the characters in the word normally generate a long line,
called fread-fine. Segmentation of characters from words be-
come troublesome because of this head-line. Here, a simple
head-line deletion approach is used to segment the charac-
ters for the word. Also,a simple approach for dividing a text
ling into three horizontal zones is used for easier recognition
procedure. From zonal information and shape characteris-
tics, the basic, modified and compound characters are sep-
arated for the convenience of classification. Modified and
basic characters are recognized by a structural feature based
binary tree classifier while the compound characters are rec-
ognized by a hybrid approach combined with structural and
run based template features. The method proposed by Pal
and Chaudhuri gives about 96% accuracy.

Recently, a system for hand-written numeral recognition
of Devnagari characters is proposed [58]. Here the nu-
merals have been represented using two types of features.
The first type provides coarse shape classification of the
numeral and are relatively insensitive to minor changes
in character shapes. The second class of features tries to
provide qualitative descriptions of the characters. These
descriptions encode intrinsic properties of the characters
expected to be invariant across writing styles and fonts.
Multilaver perceptron is used for the categorization of the
numerals.
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Most Indian languages are very inflectional in nature. Be-
cause of this inflectional behavior, development of OCR er-
ror detection and correction technique is not an easy task.
The complex character grapheme structure of some Indian
scripts also creates difficulty in recognition error detection
and correction. An OCR error correction scheme for the De-
vnagari text is proposed by Bansal and Sinha [60]. They
used a partitioned word dictionary to reduce the searchspace
besides preventing forced match to incorrect word. The en-
velope information of words consisting of number of top,
lower, core modifiers along with the number of core char-
acters form the second level partitioning feature for short
words partition. The remaining words are further partitioned
using a string of fixed length associated with each partition.
A distance matrix for assigning penalty for a mismatch is
incorporated in the search process.

3.2 Swdies on Bangla character recognition

Though research on Bangla character recognition started
in early 19905 [66,97,112], no significant work is reported
till mid-19%0s. Recently, several pieces of work on Bangla
have been published [18,67,70,92-94].

Ray and Chatterjee [101] presented a nearest-neighbor
classifier employing features extracted by using a string con-
nectivity criterion for Bangla character recognition. Dutta
[17] presented a generalized formal approach for generation
and analysis of Bangla and Devnagari characters.

The first complete system capable of doing OCRE from
printed Bangla documents is due Chaudhuri and Pal [18].
In this system preprocessing involves skew correction, fol-
lowed by noise removal, and preliminary segmentation of
the input image into lines, zones and characters. A combi-
nation of feature and template matching is emploved for
recognition. There are eight main stroke-based features and
a filled circle feature for dot representation. The recognition
of the simple characters is done using a feature-based tree
classifier, whereas compound characters ave recognized us-
ing run-based template matching preceded by feature-based
grouping. Some character level statistics like individual
character ocourrence frequency, bigram and trigram statis-
tics etc. have been utilized to aid the recognition process.
This system gave almost 96% recognition score.

In the OCR system for Bangla and Devnagari, Chaud-
huri and Pal [69] proposed a novel technique for skew es-
timation and correction. The system is developed based on
the script characteristics. In the proposed method the con-
nected components are at first labeled. The upper envelope
of a component is found by column-wise scanning from an
imaginary line above the component. Portions of upper en-
velope satisfying the properties of digival straight fine are
detected. They are clustered as belonging to individual text
lines. Estimates from individual clusters are combined to
get the skew angle. The proposed method is very fast and
achieves 0.5" resolution on skew angle detection.

There are many documents where text lines are not paral-
lel to each other in the single page of a document, i.e. differ-
ent text lines of a document page may have different incli-
mations with the horizontal lines (multi-skew/multi-oriented
documents ). To handle such documents Pal et al. [95] pro-
posed an algorithm to estimate the skew angle of individual
text lines, This is important because a single rotation cannot
de-skew all text lines of the document.

For the recognition of printed Bangla characters Garain
and Chaudhuri [115] proposed a method which combines
the positive aspects of feature- and run number-based nor-
malized template matching techniques. Run number vectors
for both horizontal and vertical scanning are computed. As
the number of scans may vary from pattern to pattern, they
normalized and abbreviated the vector. They proved that
this normalized and abbreviated vector induces a metric dis-
tance. Moreover, this vector is invariant to scaling, insen-
sitive to character style variation and is effective for more
complex-shaped characters than simple-shaped ones. They
use this vector representation for matching within a group
of compound characters. They notice that matching is more
efficient if the vector is reorganized with respect to the cen-
troid of the pattern.

To take care of touching character in the recognition
scheme, Garain and Chaudhuri [74] proposed a technique
for touching character segmentation. Here, at first statisti-
cal study of touching characters is made. 1t was noted that
touching characters occurs mostly at the middle of the mid-
dle zone and suspected points of touching were found by
looking certain pixel pattern and their “degree of middle-
ness’. The geometric shape is cut at these points and the
OCR scores are noted. The best score gives the desired
result.

To complete the OCR system an error detection and cor-
rection technigque was developed by Pal et al. [92]. The tech-
nique is based on morphological parsing of recognized word.
Using two separate lexicons for root words and suffixes, the
candidate root-suffix pairs of each input string are detected,
there grammatical agreement are tested and the root/suffix
part in which the error has occurred is noted. The correction
is made on the corresponding error part of the input string
by a fast dictionary access technique. To do so, the informa-
tion about the ervor patterns generated by the OCR system
are examined and some alternative strings are generated for
an erroneous word. Among the alternative strings, those sat-
isfying grammatical agreement in root and suffix are finally
chosen as suggested words.

Some pieces of work on Bangla handwritten text are also
available. Using a syntactic method Parui et al. [97] pro-
posed a recognition scheme for isolated Bangla handwritten
numerals. In this method, the characters are classified into
two groups. The handwritten numerals consisting mainly
of curves form one group while those consisting of ver-
tical and horizontal strokes belong to the other. Recogni-
tion procedures for the two groups are different but sim-
ilar. In both cases, only the information about its border
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is used for the recognition. The extracted border is in fact
a sort of skeleton of the numeral pattern and is stored in
one-dimensional strings of eight divection codes. On the ba-
sis of these one-dimensional strings, certain sub-patterns are
recognized through some automata. The numeral pattern is
ultimately recognized from these sub-patterns. Rahman et
al. [116,117] proposed a multistage classification scheme for
handwritten Bangla character recognition. In the first stage,
high level features are extracted and coarse classification is
done. In the second stage, the characters are finally classi-
fied using low-level features.

To take care of variability involved in the writing style
of different individuals, Pal and Chaudhuri [93] proposed a
robust scheme for the recognition of isolated Bangla off-line
handwritten numeral. The scheme is based on new features
obtained from the concept of water overflow from the reser-
voir, as well as topological and statistical features of the
numerals. If water is poured from upper part of the charac-
ter, the region where water can be stored in the character
is imagined as a two-dimensional reservoir of the charac-
ter. The direction of water overflow, height of water level
when the water overflows from the reservoir, position of the
reservoir with respect to the character bounding box, shape
of the reservoir etc. are used in the recognition scheme. For
handwritten text recognition, recently Pal and Datta [94)]
proposed a water reservoir based scheme for the segmenta-
tion of unconstrained handwritten text into lines, words and
characters.

Meural network approach is also used for the recognition
of Bangla characters. Dutta and Chaudhuri [43] reported a
work on recognition of isolated Bangla alphanumeric hand-
written characters using neural networks. The characters
have been represented in terms of the primitives and struc-
tural constraints between the primitives imposed by the junc-
tions present in the characters. The primitives have been
characterized on the basis of the significant curvature events
like curvature maxima, curvature minima and inflectional
points observed in the characters. A two stage feed-forward
neural net, trained by the well-known back-propagation al-
gorithm, has been used for recognition. The structural con-
straints imposed by the junctions have been encoded in the
topology of the network itself. Bhattacharya et al. [44] has
also used neural network approach for the recognition of
Bangla handwritten numeral. A topology adaptive self or-
panizing neural network is first used to extract the skeletal
shape from a numeral pattern. This skeletal shape is repre-
sented as a graph. Certain features like loops, junctions, etc.
present in the graph are considered to classify a numeral into
a smaller group. Finally, multilayer perceptron networks are
used to classify different numerals uniquely.

Concept of fuzzy sets was also used for Bangla script
recognition. Sural and Das [110] defined fuzzy sets on
Hough transform of character pattern pixels from which
additional fuzzy sets are synthesized using t-norms. A mul-
tilayer perceptron trained with a number of linguistic set
memberships derived from these t-norms is used for recog-

nition based on the similarities to different fuzzy pattern
classes.

Matural language processing and its applications towards
OCR development of Bangla has also been discussed in the
literature [88]. Different interesting statistics have been com-
puted and their application potentials with respect to OCR
development of Bangla is described. For example, individ-
ual occurrence percentage of Bangla characters provides an
idea about which character should be recognized correctly
for higher recognition rate. Position-wise occurrence statis-
tics help OCR system for the detection of ervor. If the prob-
ability of occurrence of a character *X’ in the first position
of a word is zero and if in an OCR output for the first of a
word is *X°, then we know that an error has occurred in the
first position.

Work on on-line recognition of Bang la characters also ex-
ists. Ciarain et al. [75] proposed an online handwriting recog-
nition system for Bangla. The primary concern of the ap-
proach is the modeling of human motor functionality while
writing the characters. This is achieved by looking at the
pen trajectory where the time evaluation of the pen coordi-
nates plays a crucial role. A low complexity classifier has
been designed and the proposed similarity measure appears
to be quite robust against wide variations in writing styles.

3.3 Swddies on Tamil character recognition

Siromony et al. [111] described a method for recogni-
tion of machine printed Tamil characters using an encoded
character string dictionary. The scheme employs string fea-
tures extracted by row- and colunm-wise scanning of char-
acter matrix. The features in each row {column ) are encoded
suitably depending upon the complexity of the script to be
recognized. Chandrasekaran [65] used similar approach for
constrained hand-printed Tamil character recognition.

Chinnuswany and Krishnamoorthy [118] proposed an ap-
proach for hand-printed Tamil character recognition. Here,
the characters are assumed to be composed of line-like el-
ements, called primitives, satisfying certain relational con-
straints. Labeled graphs are used to describe the structural
composition of characters in terms of the primitives and the
relational constraints satisfied by them. The recognition pro-
cedure consists of converting the input image into a labeled
graph representing the input character and computing cor-
relation coefficients with the labeled graphs stored for a set
of basic symbols. The algorithm uses topological matching
procedure to compute the correlation coefficients and then
maximizing the correlation coefficient. Some pre-processing
techniques are discussed to convert the input image to a la-
beled graph.

A piece of work on on-line Tamil character recognition is
reported by Sundaresan and Keerthi [114]. They used four
types of features which are obtained from (a) a sequence
of directions and curvature, (b) a sequence of angles. (c)
fourier transform co-efficient and (d) wavelet features. The
accuracy of the system is claimed to be about %6%.
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34 Snudies on Telugu character recognition

Some pieces of work on Telugu characters are published
in the literature [B7.98.99.113]. A two-stage recognition
system is presented by Rajasekaran and Deekshatulu [99]
for printed Telugu alphabet. In the first stage they applied
a knowledge-based search to recognize and remove the
primitive shapes present in the input character. A directed
curve-tracing method is used for the purpose. In the second
stage, the pattern obtained after the removal of primitives is
coded by tracing along points on it. On the basis of knowl-
edge about primitives and basic characters in the input
pattern, classification is achieved by a decision tree.

Sukhaswami et al. [113] presented a recognition system
for printed Telugu characters by neural networks approach.
Initially they used Hopfield neural network model for the
recognition purpose. Due to limitation in the storage capac-
ity of the Hopfield neural network, they later propose a new
scheme called multiple neural network associative memory
{MNNAM). The training set is divided into groups, each
of which trains a network with a smaller capacity. These
networks can be trained in parallel as they work on mu-
tually disjoint sets of training patterns. The overall capac-
ity is enhanced by networking these smaller networks into
MMNMNAM. They demonstrated that storage shortage can be
overcome by this scheme.

Recently, Negi et al. [87] presented a system for printed
Telugu character recognition. This is a compositional ap-
proach where connected components and fringe distance
based template matching is used for recognition. Fringe dis-
tances compare only the black pixels and their positions be-
tween the templates and the input images. Fringe distance
measure between an image say | and template say T is the
sum of the distances from each pixel in | to the nearest black
pixels in T, and also from each pixel in T to the nearest
black pixel in 1.

A5 Smdies on Oriva character recognition

Development of OCR system for printed Oriva script is
difficult because a large number of character shapes and
many identical characters ave present in the script. More-
over, roundish shape of most of the characters possesses ex-
tra problems in the recognition process. Only a few pieces of
work have been reported on the recognition of Oriva char-
acters.

Using Kohonen neural network, Mohanti [86] proposed
a system to recognize alphabets of Oriva script. The inputs
pixels are fed to the neurons in the Kohonen layver where
the neurons determine the output according to a weighted
sum formula. The character is classified according to the
largest output obtained from the neuron. Here the author
made experiment only on five Oriva characters and hence
the reliability of the system is not established.

In a system developed by Chaudhuri et al. [71] for the
basic characters of Oriya script, the document image is

first captured using a fat-bed scanner and then passed
through different preprocessing modules like skew correc-
tion, line segmentation, zone detection, word and character
segmentation, etc. These modules have been devel-
oped by combining some conventional techniques with
some newly proposed ones. Next, individual charac-
ters are recognized using a combination of stroke and
run-number-based features, along with features obtained
from the concept of water overflow from a reservoir,
The feature detection methods are pretty simple and ro-
bust, and do not require preprocessing steps like thin-
ning and pruning. The system has achieved about 96%
ACCUACY.

A6, Secies on Guremulchi characier recognirvion

Ciurwmukhi is a popular seript in north-west part of India.
The script is similar to Devnagari but simpler since com-
pound characters are absent there. Although research on De-
vnagari OCR started 20 yvears ago, that on Gurunukhi script
started only recently [79-84,119]. Lehal and Singh [79] de-
veloped a complete OCR system for printed Gurumukhi
script where connected components are first segmented us-
ing a thinning based approach. In the recognition process,
they have used two types of feature sets. In the primary fea-
ture set the number of junctions, number of loops and their
positions are tested. The number of endpoint and their loca-
tion, nature of profiles of different directions etc. are consid-
ered in the secondary feature set. A multi-stage classifica-
tion scheme combined with binary tree and neavest neighbor
classifier has been used for the purpose. The system has an
accuracy about 97.34%,

An OCR post-processor of Gurumukhi script is also de-
veloped. Lehal and Singh [80] proposed a post processor
for Gurumukhi OCR where statistical information of Pan-
jabi language syllable combinations, corpora look-up and
certain heuristics based on Punjabi grammar rules have been
considered.

A7 Bmdies on Gujrathi characier recognivion

To the best of our knowledge only one work is reported
for printed Gujrathi seript. Antani and Agnihotri [57] de-
scribed classification of a subset of printed Gujrathi charac-
ters. For the classification, minimum Euclidean distance and
K-nearest neighbor classifier were used with regular and in-
variant moments. A Hamming distance classifier was also
emploved. The recognition rate of the reported system is
very low (about 67%).

38 Swdies on Kannada character recognition

A few reports are available for Kannada character recog-
nition [33,100]. A font and size independent OCR system
for printed Kannada documents is reported recently by Ash-
winand Sastry [33]. The system first extracts words from the
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Tahle 1
[ilTerent OCR systems on printed Indian script

Scrpt System Feature Classilication Accuracy
technigue claimed
[hevnagari Pal and Chaudhuri [#9] Structuml and template features. Tree classifier 96 5%
Gamin and Chaudhuri [115] Run length-based template feature. Tree classifier 97.5%
Bangla Chavdhun and Pal [18] Structuml and template features Tree classifier 6.8 %

Kannada Ashwin and Sastry [53] Zoning features SWM classifier Mot mentioned
in the paper

Gurumukhi Lehal and Singh [#4] Structuml and topological features Tree classifier a7 3%

Orniya Chaudhun et al. [71] Structumal and template features Tree classifier 9p A%

document image and then segments these into sub-character
level pieces. The segmentation algorithm is motivated by
the structures of the script. A set of zoning features is ex-
tracted after normalization of the characters for recognition.
The final recognition is achieved by emploving a number
of 2-class classifiers based on the support vector machines
(SVM).

An on-line system for Kannada characters is described
by Rao and Samuel [100]. The described system extracts
Wavelet features from the contour of the characters. The
convolutional feed-forward multi-laver neural network is
used as the classifier.

To get an idea about the character recognition systems at
a glance we provide here some systems in Table 1.

3.9 Commercial system

Some of the OCRE system development had attained the
commercial level accuracy and transfer of technology has
started from research labs to the industry. Perhaps the first
commercial level Bangla and Devnagari OCR was devel-
oped by the team of B.B. Chaudhuri, U, Pal, M. Mitra and
U. Garain of the Indian Statistical Institute, Kolkata, This
system has been taken by Centre for Development for the
Advance Computing {CDAC), Pune, India in May, 2001
for commercialisation and marketed in the name of “Chi-
irein feair™,

4. Scope of future work

The work reported on Indian language script OCR may
be extended in several directions. Some of them are listed
below

{a) OCR for poor guality decuments. Most of the work
reported on Indian languages are on pood-quality docu-
ments. Elaborate study on poor-quality documents are not
undertaken by the scientists in the development of Indian
seript OCR. Experiments should be made to observe the ef-
fect of poor quality paper as well as noise of various types,
and take corrective measures.

(b} Development of mudti-font OCR: Most of the re-
ported work can handle only one or two fonts. Although
font variations of Indian languages are small compared to
English, it is useful to develop a truly multi-font system and
try to go for Omnifont recognizer.

(¢ ) Bi-scriptimudti-script OCR development: Since India
i5 a multi-lingual multi-script country, it is instructive to de-
velop multi-script OCR systems. To develop a multi-script
OCR it is necessary to identify different script forms be-
fore feeding them to the OCRs of individual scripts. Sev-
eral script identification techniques have been developed
[90,91] but no system onmulti-script OCR is obtained. Only
bi-lingual OCR systems for Bangla and Devnagari are re-
ported, where features of both scripts are used for the pur-
pose [67,70].

(d )y OCR with fort and gecmetric strue ture informa tion:
The OCRK systems in Indian seripts do not try to extract the
font type, style and size information of the documents, The
geometric structure information including text line, word
position etc. are also not computed or retained. The com-
mercial OCR systems for English and other Latin scripts,
on the other hand, show result with such information about
the document. Such knowledge is helpful in many document
processing problems. Indian script OCR researchers should
concentrate on this aspect of the problem.

(e} Hand-written OCR system development: There is a
large demand for OCR on hand-written documents. A few
reports have appeared for isolated hand-written characters
and numerals [44.45 93] of some Indian languages. How-
ever, no complete hand-written text recognition system is
available. Recognition of hand-written Indian scripts is dif-
ficult because of the presence of vowel modifiers and com-
pound characters. Some pre-processing work {hand-written
text-line segmentation, word and character segmentation,
touching character segmentation, etc.) on Bangla has been
done at Indian Statistical Institute [94,120] and some initia-
tives are taken towards the hand-written text recognition.

(£} Improvement of post recoghition error correction:
Indian seript OCR error correction modules reported in the
literature can correct single character error only [60,80,92].
Hence, the full potential of post recognition error correction
inimproving the OCR accuracy has not been exploited. OCR
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word error correction is a difficult and challenging task for
Indian languages because of their inflectional nature. How-
ever, the combination of spell checker and morphological
techniques may be combined with the grapheme features of
language script to develop a powerful post recognition ervor
corTector.

(g) QCR for the visually handicapped: One of the pri-
mary motivations of early development of OUR system was
a reading aid for the visually handicapped, as noted in the
work of Tyurin reported in Ref. [1]. In India too there is a
great need for reading aid for the blind. One possible way of
achieving this goal is to convert the OCR output into speech
format. Some pieces of work towards the speech synthesis
are done for Bangla [17,121]. Similar work may be initiated
for languages of other Indian seripts.

(h) Benchmarking and grouwnd rraeh generation: Creation
of standard OCR test database is essential for each of the
Indian scripts. Successful research needs an accurate and
comprehensive benchmark for testing of research results.
Testing of the Indian script ICR/AOCK systems has not been
exhaustive as there is a lack of standard test databases
{ground truth data) of the Indian languages. Also, there is
a lack of statistical analysis of most popular fonts and/or
databases. Any effort invested towards these activities
could go a long way towards furthering the research and
commercial OCRE systems development of machine and
hand-printed Indian texts. The use of techniques from the
Al community to build robust classifiers and learning sys-
tems could greatly aid the quality of recognition systems.
As a part of Indian script OCR, Indian Statistical Institute
is now creating a data respurce for testing of Bangla OCR,

5, Conclusion

In this paper, we presented a review of OCR work done
on Indian language scripts. Here, at first, we briefly dis-
cussed different methodologies applied in OCR development
in international scenario and then different work done for
Indian language scripts recognition. Finally, we discussed
steps needed for better Indian script OCR development. We
believe that our survey will strongly encourage activities of
automatic document processing and OCR of Indian language
scripts.

6. Summary

OCR is one of the most fascinating and challenging areas
of pattern recognition with various practical applications. It
can contribute immensely to the advancement of an automa-
tion process and can improve the interface between man and
machine in many applications. Intensive research has been
done on OCR and a lar ge number of articles have been pub-
lished on this topic during the last few decades. Many com-
mercial OCR systems are now available in the market. But

most of these systems work for Roman, Chinese, Japanese
and Arabic characters. In this paper, we present a review of
the OCR work done on Indian language scripts. There are
no sufficient number of studies on Indian language charac-
ter recognition, although there are 12 major scripts in India.
Most of the pieces of existing work are concerned about
Devnagari and Bangla script characters, the two most pop-
ular languages in India. Some studies are reported on the
recognition of other languages like Tamil, Telugu, Oriva,
Kannada, Panjabi, Gujrathi etc. Structural and topological
features-based tree classifier, and neural network classifiers
are mainly used for the recognition of Indian scripts. The
present review discusses different methodologies in OCR
development as well as research work done on the recogni-
tion of different Indian scripts. The drawbacks of the current
systems, the scope of future work and further steps needed
for Indian script OCR development are also systematically
explained.
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