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Character recognition provides a solution for processing large volumes of data automatically in a large variety of
scientific and business applications. Optical character recognition (OCR) deals with the recognition of optically
processed characters. Telugu is one of the ancient languages of India that is more than 5000 years old. The basic
alphabet of Telugu consists of 16 vowels and 38 consonants totalling 54 symbols. Theoretically, more than one lakh
possibilities exist for forming a compound character. Some compound characters are written using two or more
disconnected symbols. While a large amount of literature is available for recognition of English characters and also
for Chinese and Japanese languages, relatively less work has been reported for the recognition of Indian languages.
Among the Indian scripts, notable work has been done only very recently. Work done on one of the Indian scripts
cannot be directly applied for another script because of the vast variation in the scripts. Reported work on Telugu
character recognition is not much. Hence, the development of an OCR system for recognition of Telugu characters
is an important area of interest of current research. In this paper, the authors present a novel concept of the basic
symbols and present a method for recognizing the basic symbols in printed Telugu text. Preliminary classification
of these basic symbols is done according to their sizes. Recognition of these symbols is done using k-nearest
neighbour algorithm on feature vectors obtained by computing moments. Testing is done on noisy images. It is shown
that the method works well as high rate of recognition is obtained even in the presence of noise.
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INTRODUCTION

During  the  past thirty years, substantial research efforts have
been devoted to character recognition that is used to translate
human  readable   characters   to   machine-readable  codes.
Immense effort has been made on character recognition, as it
provides a solution for processing large volumes of data auto-
matically in a large variety of scientific and business applica-
tions. Optical character recognition (OCR) deals with the
recognition of optically processed characters rather than mag-
netically  processed  ones.   OCR  is  an  important  component
of any  document  image  analysis  and  recognition system. Mori
et al1 provide an excellent review of the OCR research and
development.

While a large amount of literature is available for recognition of
English characters and also for Chinese and Japanese languages,
relatively less work has been reported for the recognition of
Indian languages. Among the Indian scripts, notable work has
been done only very recently2 − 11. Work has also been done on the
development of unicode representation of Telugu script12, 13.
However, reported work on Telugu character recognition is not
much with one notable exception6. The wide variation in the
Indian scripts implies that the ideas developed for one of them
may not be applicable to other scripts. Further, it is necessary to
consider the characteristic features of a particular script to get a
good recognition rate and efficient performance of the developed
OCR system. Hence, the development of an OCR system for

printed Telugu text is an important area of interest of current
research.

In this paper, the authors present a novel concept of basic symbols
and a method for recognizing the basic symbols. Preliminary
classification of these basic symbols is done according to their
sizes. Recognition of these symbols is done using k-nearest
neighbour algorithm on feature vectors obtained by computing
moments. Testing is done on noisy images. It is shown that the
method works well on examples of printed Telugu text as high
recognition is obtained on test samples even in the presence of
noise.

TELUGU SCRIPT

Telugu is one of the ancient languages of India that is more than
5000 years old. The basic alphabet of Telugu consists of 16
vowels and 38 consonants totaling to 54 symbols. Each vowel in
Telugu is associated with a vowel mark. A consonant when
combined with any of these 16 vowel marks results in a new
combination called a compound character ie, a total of 38*16
combinations. More complicated combinations are shown in
Table 1. The combinations are also typically referred to as com-
pound characters and may be written using two or more discon-
nected symbols.

A compound character in Telugu follows the phonetic sequence.
The phonetic sequence can be represented in grammatical form.
When any character or compound character in Telugu is repre-
sented in grammatical sequence, it belongs to one of the gram-
matical combinations shown in Table 1.

There are 18 vowels in Telugu. Out of these some are out of usage
in modern script. Therefore, in modern script only 15 vowels are
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Telugu  text  into  symbols  that are subsequently recognized by
a  recognizer is not a trivial task. The basic question to be
answered is : What are the symbols that will be isolated by the
segmentation process and provided to the recognizer for com-
pleting the OCR?

All types of conjuncts cannot be treated together with the base
consonants as units for the purpose of segmentation and further
recognition. The first reason is that the sheer number of possibili-
ties has been shown to be enormous. The second reason is that in
compound characters like ** ‘KRAI’, it becomes necessary to
identify all the three parts, ie ** Ke, ** Ai below and ** Ra on
the left as being together in the same compound character al-
though they are not connected in the image. This is in general
difficult because the association information is difficult to gener-
ate till the recognition process is atleast partially completed. This
leads to a circular logic and therefore, treating all types of con-
juncts together is not possible.

Another alternative is to attempt to isolate the base consonants,
vowel modifiers etc, even when they are physically connected at
the segmentation stage itself. Thus, in ** KRAI it is necessary to
isolate the SK, ** Ae, ** Ra and, ** Ai as the four entities.
Separating out the S K, and ** A in ** Ke is difficult and would
lead to unmanageable complications at the segmentation stage
where the symbols are yet to be recognized.

This motivates an approach that lies midway between the two
extremes stated above. In Telugu script a basic symbol is defined as
a single connected entity. Treating the basic symbol as the unit of
segmentation appears to be a logical approach and isolating these
from a page of text is very straightforward and this task simply entails
separating the connected regions in the image. The total number of
such connected symbols is 386. A recognizer can be created for the
symbols. Therefore, the key to the development of Telugu OCR
system is the development of a recognizer that can recognize the
basic symbols in the script.

Various basic symbols, ie the various possible connected entities
present in Telugu script may now be identified. This analysis is a
pre-requisite for the development of a recognizer for these symbols.
The basic symbol identified in Telugu script are shown in the Figures
1 to 11. Care has been taken to include every possible symbol that
appears as a separate entity in printed Telugu text, ie as a maximally
connected symbol disconnected from the others. The sets have been
created by a preliminary classification scheme based on the size of
the characters. This preliminary classification is useful because
building a recognizer that can identify one among the possible 386
symbols is more difficult than building 11 recognizers each of which
has to identify the symbol given to it out of much lesser number of
alternatives.

The steps for identifying these sets are as follows

(i) Remove redundant rows and columns from the image of the
basic symbol.

(ii) Resize the image so that the number of columns is same for
all the symbols (36 in this case). However, the aspect ratio is
maintained in this resizing and so the number of rows for the
different symbols would be different.

(iii) Put all the symbols with almost the same number of rows in
a set while ensuring that the sets created are not of too small
size.

This procedure leads to the identification of the 11 sets of basic
symbols.

Development of k-nearest Neighbour Recognizers for the
Basic Symbols

The OCR system that is envisaged in this paper takes as input a
scanned image of a page of Telugu printed text, isolates the basic
symbols through a process of segmentation and then inputs these
symbols to the recognizer that completes the recognition task.
Several methods have been proposed in the literature for segmen-
tation. These, however, have to be adapted for Telugu script. This
paper assumes that the segmentation of printed text into basic
symbols has been addressed elsewhere14.

The task now is to build independent recognizers for these 11 sets.
A symbol that is to be recognized is classified on the basis of size
and sent only to the recognizer that has been created to recognize
it. For this purpose, a set of features is computed for each of the
basic symbols. The feature extraction technique used in this paper
is a set of 7 invariant moments which means that each character
is represented by a set of 7 features.

Moment Features

Region moment representations interpret a normalized gray-level
image function as a probability density of a 2D random variable.
Assuming that non-zero pixel values represent regions, moments
can be used for binary or gray-level transformations. For a 2-D
continuous function f (x, y) the moment of order (p + q) is defined
as

mpq  =   ∫ 
 − ∞

 + ∞

     ∫ 
 − ∞

 + ∞

 x p y q f (x, y) dx dy (1)

for p, q = 0, 1, 2 .......

In digitised images the sum is evaluated as

mpq  =   ∑ 

i = − ∞

∞

      ∑ 

j = − ∞

∞

 i p j q f (i, j)

where x, y, i, j are  the  region  point  co-ordinate, ie  pixel
co-ordinates in digitised images.

A uniqueness theorem15 states that if f (x, y) is piecewise continu-
ous and has non zero values only in a finite part of the xy plane,

moments of all orders exist and the moment sequence (mpq)
uniquely determines f (x, y). Translation invariance can be
achieved by using the central moments. The central moments can
be expressed as

µpq  =  ∫ 
 − ∞

 + ∞

     ∫ 
 − ∞

 + ∞

 (x − x
_
)p (y − y

_
)q f (x, y) dx dy (2)
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used  to  classify  the given pattern according to a majority rule.
If k = 1, this is just the Euclidean minimum distance classifier.
The advantage of considering k nearest neighbours is that a
particular symbol on the boundary may be nearer to a noisy
symbol  of  a  different class but majority of k symbols would
bring  out  the  correct  identification  with a higher prob-
ability16.

Thus, the complete recognition scheme for the recognition of a
given basic symbol works as follows :

(i) The sample feature vectors for perfect and noisy images of
various basic symbols are pre-computed and stored for use
by the recognition algorithm.

(ii) A preliminary classification is made on the basis of size to
find the set to which the basic symbol belongs. Sets of basic
symbols slightly larger or slightly smaller than this set are
considered for further processing. The neighbouring sets are
included just to improve the reliability of the recognition
process in the presence of noise.

(iii) The given noisy image of the unknown basic symbol to be
recognized is used to compute the moment feature vector
consisting of the seven moment features.

(iv) The  feature  vector so computed is used to determine the
basic symbol of feature vector closely matching it. The
algorithm used for this purpose is the k-nearest neighbour
algorithm  given  above.  This  is  the  output by  the
recognizer.

RESULTS OF COMPUTATIONAL PERFORMANCE

To examine the robustness of the system in the presence of noise,
gaussian noise, salt and pepper noise and speckle noise are added
to the images of each of the 386 basic symbols resulting in 386
× 4 = 1544 character images. Binarization is performed on each
character image. A real-valued feature vector containing the
seven moment values is obtained after feature extraction. The
vectors thus obtained are stored in the KNN classifier. The
exemplar data set for KNN classifier, therefore, consists of 1544
feature vectors. The first set of 386 feature vectors correspond to
the real character image of each of the 386 symbols, the second
set consists of the real character image coupled with salt and
pepper noise of density 0.01. The third set consists of the real
character image coupled with speckle noise with 0.01 variance
and the fourth set corresponds to the real character image coupled
with gaussian noise with zero mean and 0.01 variance.

To test the robustness of the system in the presence of noise, a test
data set is prepared which is distinct from the data set stored as
exemplars in the KNN classifier. The test data set also consists of
386 × 4 = 1544 feature vectors. Each of the four sets of 386 feature
vectors correspond to the real character image coupled with
combinations of speckle and salt and pepper noise, gaussian and
speckle noise, gaussian and salt and pepper noise, and gaussian
speckle and salt and pepper noise respectively. Thus, the testing
is performed with images that are not only more noisy than the
exemplar sets but also contain combinations of different types of
noise rather than only one type. This ensures that the performance
of the algorithm is adequately tested by the test data. The recog-
nition performance is evaluated primarily by accuracy deter-
mined by the number of correctly classified test images divided
by the total number of test images.

The  results for several sets of noise parameters are considered
and  the  significance  of  these  parameter  values  is  shown in
Table 3.  The  second  row in the table indicates that on adding
salt  and  pepper  noise  with  a  noise density of 0.007 to an
intensity image consisting of 1408 pixels, 11 pixels will be
affected  with  noise.  The fifth and sixth columns indicate
maximum amount of noise introduced for the affected pixels. For
the row under consideration, the value of the affected pixel will
be flipped.

Figure 12 shows a Telugu character in 8 different forms. Studying
the picture rowwise from left to right, the first image is preproc-
essed in which redundant rows and columns are eliminated. The
second, third and fourth images correspond to the preprocessed
image coupled with salt and pepper, speckle and gaussian noises
respectively. The rest of the images fifth to eighth correspond to
the preprocessed image coupled with combinations of speckle,
salt and pepper; speckle, gaussian; gaussian, salt and pepper;
speckle, gaussian and salt and pepper respectively. The images 1
to 4 constitute the exemplar set, whereas the images 5 to 8
constitute the test data set.

The Harshapriya font of 40 pt size was used for each character.
Each character image is present in the exemplar data set four
times, once in its real form, and thrice in the noise contaminated
form. The feature vector for each character image consists of
seven real-valued moment features. The feature vectors of all the
character images are stored according to the row sizes in one of
the 11 files.

Table 3 Significance of noise parameter values

Noise Type Density or Variance Total # of Pixels # of Pixels Affected Max Noise for Zero Min Noise for 1

Salt and Pepper 0.007 1408 11 1 0

Speckle 0.007 1408 957 0.1709 0.7774

Gaussian 0.007 1408 1047 0.2199 0.7467

Speckle and Salt and Pepper 0.007, 0.005 1408 973 1 0

Speckle & Gaussian 0.007, 0.005 1408 1081 0.120 0.75

Gaussian and Salt and Pepper 0.007, 0.005 1408 1042 0.7 0

Speckle, Gaussian and Salt and Pepper 0.007, 0.005, 0.005 1408 1118 1 0
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