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Abstract

Optical character recognition(OCR) is a well known process for converting text images to machine
editable text format. Applications of OCR include preserving old/historical documents in electronic
format, library cataloging, automatic reading for sorting of postal mail, bank cheques and forms as
base for many applications in Natural Language Processing(NLP). OCR is a difficult problem to
solve on real world data. In specific for Telugu language it is very difficult problem as single character
formed by a single vowel or consonant or it can be compound character consists of combination of
vowel and consonants. Drishti is the only one significant OCR, available for Telugu language which
will work on high resolution, good quality, noise free documents and specific input formats which is
making use of OCR unrealistic. Our aim is to create a OCR which can eliminate all the constraints

on input formats, quality which will work on real world documents.

We have created a basic end to end functioning OCR. We have used basic 0/1 features we obtained
accuracy of 30% in stagel. We have observed the problems with OCR are font dependence, joint
characters and broken characters. We have experimented with different types of features like gabor,
wavelets, skeleton and circular features in stage2 for solving font dependence problem. We got
improvement in accuracy with wavelet features, we got 48% accuracy. We have given our solution
for joint character problem. We have observed distorted characters formed by binarization methods,

we have studied some methods for solving binarization problem.
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Chapter 1

Introduction

Optical character recognition(OCR) is a well known process for converting text images to machine
editable text format. During past few decades significant research work is reported in the OCR area.
In English there are many commercial OCR applications are available [7]. Apart from English there
is significant amount of research have been done for languages like Chinese [33] and Japanese [20].
OCR gained so much research interest because of its potential applications in post offices, banks and
defense organizations. Other applications involve reading aid for the blind, preserving old /historical
documents in electronic format, library cataloging, automatic reading for sorting bank cheques and

applications in natural language processing(NLP) area.

OCR implemented for English language can not be applied for Indian languages as the single
character formation in the Indian language can be either simple character formed by single vowel
or consonant or compound character formed by combination of the vowel and consonants. So in
the Indian context OCR is very difficult problem compared to English. Recently, work has been
done in the development of OCR systems for Indian languages. This includes work on recognition
of Devanagari characters [2], Bengali characters [3], Kannada characters [1], Tamil characters [28]

and Telugu characters [23].

Telugu is the second largest speaking language in India there 74 million native speakers of Telugu in
India in 2001 [6]. First Telugu OCR developed by Deekshatulu and Rajasekaran in 1977 [32]. This
OCR is a two-stage syntax-aided character recognition system which identifies 50 primitive features.

Using the circular characteristic of the Telugu character new OCR system was proposed by Rao



and Ajitha in 1995 [29]. Sukhaswami developed a Telugu OCR in 1995 which uses neural networks
for the recognition of the characters. Atul Negi developed a Telugu OCR using template matching
method based on fringe distance measure for recognition in 2001 [23]. Pujari [27] developed a OCR
in 2002 using wavelet multi resolution analysis for extracting features and associative memory model
for the recognition. A multi-font OCR for Telugu developed by Vasntha Lakshmi and Patvardhan
in 2002 using pixel gradient direction as the feature vector [17]. DRISHTI is a complete Optical
Character Recognition system for Telugu language developed by the Resource Center for Indian
Language Technology Solutions (RCILTS), at the University of Hyderabad in 2003 [9]. Dristhi is
the significant Telugu OCR available till date which is having many constraints on resolution of the

image, quality of the image and input/output formats of the image.

Motivation: The research in OCR area all other languages like English, Chinese and Japanese
are far a head compared to the research done in Indian languages. In particular the research done
in OCR for Telugu language is not significant. We want to develop an OCR which can eliminate
all the constraints on input formats, quality which will work on real world documents. We want to
digitalize the old/historical documents of Telugu language which are available in digital library of
India [4].

Rest of the report is organized as follows. In Chapter 2 we will describe the summary of the stagel
work. In chapter 3 we will describe various feature extraction methods we studied, experimented for
solving font dependency problem. In chapter 4 we will describe the proposed solutions of problems

in OCR. In chapter 5 we will describe the conclusion and future work.



Chapter 2

Stagel Summary

In this chapter we will describe the work done in stagel in brief. In stagel we have implemented basic
OCR application for Telugu which can perform end to end operations like binarize image, correct
the skew angle, finds the connected components, segment the lines, finds feature vector, recognizes
the character and renders into text file using Unicode. We will describe the methodologies we used

in each step in the following paragraphs.

We have used Java Imaging API for binarization of the image. First we will find the histogram
of the image using the JAI class from Java Imaging API. After getting histogram we will find the
Maximum Variance Threshold which will maximizes the ratio of the between-class variance to the
within-class variance for each band [5]. We will make use of the threshold and using the JAT class
we will binarize the image. We have used Hough’s transformation for skew detection and correction.

We have customized the existing implementation for the deskew available [10].

We have implemented connected component generation algorithm by checking the 8-way connec-
tivity in the image. We have labeled each connected component with a different label which we will
use for further processing. We formed data structure called cluster which contains all the points

with same lable and their boundary positions.

We are working on the historical documents which will contain noise implicitly. Border noise is
one major we will encounter most of the cases when we are dealing with distorted documents. We
implemented our own method for removing the noise using one of the most prominent machine

learning algorithm, Expectation Maximization (EM) algorithm. We experimented on different kind



of features of an connected component (CC) like length/breadth ratio, area of the CC, density of
the dark pixels in CC and position of the CC. We got better results when we use length/breadth
ratio, area and density of cluster as noise clusters will have comparatively large size and will have
more density of black pixels compared to normal clusters. We have experimented with different
clustering algorithms in machine learning like k-means clustering and EM algorithm with different
number of clusters. We got better noise removal when we used EM algorithm with 2 clusters overall.
So we are using EM algorithm with 2 cluster method with the above three features for our noise

removal. We have used WEKA API [8] for EM algorithm.

We have implemented line segmentation by using Hidden Markov Model(HMM). We have observed
that in Telugu document there is fixed pattern followed by the property of Telugu writing script. We
can categorize the document into four different parts. First part with complete white pixels, second
part with low density black pixels, third part with the high density of the black pixels and fourth
part is the low density black pixel part. This pattern repeats for each line. With this observation
we have mapped each part with a state in HMM. We created model with 4-state HMM with the
density of the black pixels in each line in the document. We have used SVM Torch [15] HMM

implementation for our line segmentation.

We have implemented a basic prototype of the OCR for Telugu. We have used basic feature vector
0/1 feature vector which will consider white pixel as value 0 and black pixel as 1. We have rescaled
all the connected components to 41 x 41 size and found 0/1 feature vector. We have prepared
synthetic test data dataset with same size used euclidean distance measure for finding the closest

label for the testing data.

We have experimented with Scale-invariant feature transform(SIFT) [19] features for finding the
feature vectors. As we are working on the historical documents characters will not be complete
there will be many broken characters because of which we did not got significant results with SIFT.

We used 0/1 features for classification in stagel.

From the results of stagel we have observed the major problems causing poor accuracy are font
dependency, joint characters and broken characters present in the document. We tried solving the
problems of font dependency and joint characters in stage2. We have tried different feature vectors
for solving the font dependency problem in the documents. In chapter3 we will explain the different

types feature vectors we tried for improving accuracy.



Chapter 3

Feature Extraction Methodologies

Feature extraction is important stage in OCR after preprocessing. Features extracted in this stage
determines the accuracy of the OCR system. Ideal features should should give good accuracy across
different fonts and different scales. Features can be classified into two categories structural features
and frequency features [26]. Structural features include directional features [33], direction change
features [24], skeleton features [16]. Structural features fail to give good accuracies in case of low
resolution characters, broken or distorted characters. Frequency features are extracted using Fourier
transform and wavelet transform which are robust with resolution of the document. In this chapter
we will be explaining examples of the frequency features and structural features. We will give the

comparison of the all feature methods at the end of the chapter.

3.1 Wavelet Features

Wavelet analysis can capture the invariant features of scripts [27]. Wavelet analysis down samples
the image to capture the inherent directional features of the image. All the characters in the Telugu
script are combination of circular or semi circular shapes of different sizes. This nature motivates

to usage of wavelet analysis for Telugu script as it captures the directional features [27].

Wavelet analysis will encodes image into average image and three detailed images. Three detailed
images will respectively encode the directional features in vertical, horizontal and diagnol directions.

In the following image shows how wavelet function down samples image into four images. In the



following image frr represents the average image, fry represents horizontal image features, frrr

represents vertical image features and fr g represents diagnol features.
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Figure 3.1: Down sampling of image by wavelet function [27]

Wavelet features depends on the wavelet basis function used. According to Pujari [27] not all
wavelet basis functions captures the features for Telugu script. Pujari tried with two wavelet basis
functions for extracting features for Telugu characters. Battle-Lemarie Filter [31] is proved as the

best basis function useful for Telugu script by Pujari [27].

In our experiments we have normalized our template images to 32 x 32 size. We have used the
discrete wavelet transform(dwt2) [14] method of matlab. We need to provide low-pass filter, high-
pass filter and image as an input for dwt2 function. We have used Battle-Lemarie Filter [31] as
wavelet basis function. We have used lemarie [11] matlab function with number of coefficients as
3 and generated low-pass and high-pass filters. Output generated by dwt2 function contains three
directional components mentioned above and one average image component. We have created our
feature vector by concatenating the vectorized three directional image matrices and average image

matrix.

We have observed wavelet features are giving better accuracy than 0/1 features which we used in
stagel. The improvement in accuracy is achieved in wavelets is because they capture the directional
changes as the features. Many confusing characters got misclassified in case of 0/1 features got

classified correctly while using wavelet features. We will provide more comparisons in results section.



3.2 Gabor Features

Gabor filter performs a spatial frequency analysis on image [26]. It can extract oriental-dependent
frequency contents as small as possible. Gabor filters have given good accuracy for Chinese char-
acters [34]. In Indian language context gabor filters are used for Tamil script and gave good
accuracy [30]. Gabor filter can extract features from the documents having low resolution [26]. Our
goal is to implement OCR system independent of constraints like resolution. This motivated us to

use the Gabor Filter for feature extraction.

Gabor features are extracted using by convoluting gabor filters on the input images. Two dimen-

sional gabor filter looks as follows [26].

h(z,y) = g(w, y)eNFeosttusind) (3.1)

Where g(z,y) is Gaussian function given by:
1 ~(E)2 ()P
g9(z,y) = \/ﬁe 2 (3.2)
In the above equation )\ is the wavelength of Gabor filter and 6 is the orientation angle of Gabor
filter. o, oy is the standard deviation of Gaussian along the z-direction and y-direction. If we set
o, = 0y = 0, we can rewrite above equation as follows

(22402
h(l‘, y) _ 1 e%ej)\(zcosﬁersinH) (33)

2mo

Suppose u(z,y) as an image and I(x,y, #) is the response image obtained after convoluting above
Gabor filter with orientation angle # on the input image as follows where M, N are dimensions of

gabor filter.

<
+
w2

o+ 4 2 2
Iay0)= Y uln, ) e~ ST et i) (3.4)
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In our experiments we have used Gabor filter matlab code [12]. We normalized binary image to
32 x 32 image then we applied gabor filters with different 6 values. Following image gives the steps

we followed for extracting the gabor features.
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Figure 3.2: Applying gabor filter with different 6 values [26]

We have tuned the parameters in the above equation to get the gabor filter size 11 x 11 suggested
by Yannan [26]. There are many ways for extracting features once we got the gabor filtered images
with different 6 values. In case of Tamil character recognition features are mean value and standard
deviation calculated for each filtered images [30]. Yannan suggested dominant orientation matrix
method for feature extraction [26] which gave good results on low resolution images so in our
experiments we have implemented dominant orientation matrix method for feature extraction as

our goal is to achieve the same.

In the above convolution formulation we will get different I(z,y,0) value for different 6 values.
Suppose we have n different orientations and we numbered them from 0,1,2,3...n — 1. Dominant
orientation matrix contains the values between 0 and n — 1. Each value of dominant orientation
matrix DM (z,y) can be obtained as follows.

DM (x,y) = k where I(xz,y,0) = max(I(x,y,0))Vk

After obtaining the dominant feature vector matrix as above we will reshape the matrix to vector

for forming the feature vector for our experiments.

We have observed gabor features not giving good accuracies compared to wavelet features for our
test data. As gabor filter capturing the spacial dependent frequency features it can not give good
accuracies characters with different font. Gabor features are giving poor accuracies compared to

0/1 features. We will provide detailed comparison in the comparisons section.



3.3 Circular zonal features

Zonal features are extracted by dividing the image into different zones and extracting features from
each zone. Zonal features have significant usage in character recognition. Lakshmi [17] divided each
image into 3 X 3 and extracted directional features from each zone. Concatenated features from all
zones form the final feature vector. Negi [22] used zonal features for Telugu OCR. Following image
is shows the zoning done by Negi [22]. In the previous two methods they have divided into image

in square or rectangular zones.

Figure 3.3: Zonal features used by Negi[22]

Kannada writing script is similar to Telugu script both these languages have characters in circular
shape. Therefore features which can extract the distribution of the ON pixels in the radial and
the angular directions will be effective in capturing the shapes of the characters [1]. Circular
zonal features gave good recognition accuracies for Kannada script [1]. This motivated us to use
circular features for Telugu script. Following image shows how the sectors and tracks are drawn for

extracting circular zonal features.

Figure 3.4: Circular zonal features [1]

In our experiments we have divided image into three tracks and each track will have six sectors.
Image got divided into 18 circular zones. In our experiments we have used only density or count of

ON pixels as the feature. Our feature vector contains the densities of 18 zones. Because we have



used basic density features we didn’t got good accuracies in case of circular zonal features. We will

give more details in comparisons section.

3.4 Skelton features

One of our main goal is to create font independent OCR. Creating a multi-font or font independent
OCR is still a difficult problem, but human can recognize character which was printed in different
fonts and written by different people. The main reason behind this our mind reads the underlying
skeleton. This motivates us to use the skeleton structure of character instead of character itself for

extracting features. Following image shows the skeleton structures of a character in two different

‘;m._l 'hlk_]
eAad Ca

Figure 3.5: Skelton structure of two different font characters [17]

fonts.

Skelton features we mean the features generated over the skeleton of the image. We have used
previous three feature generation methods for extracting the final features over skeleton characters
used for classification. For generating skeleton image we have used matlab method voronoiSkel [13].
voronoiSkel uses only the pixel on the boundary of the objects and therefore is very efficient for
thick objects (efficiency scales with the object’s radius, rather than its area). However, it might be

sensitive to small defects. Sample skeleton structure formed using voronoiSkel are as follows.

Figure 3.6: Skelton structures of characters generated using voronoiSkel

10



3.5 Comparisons

3.5.1 Wavelet features

We have implemented wavelet feature extraction method with Battle-Lemarie Filter [31] and dwt2
matlab method. When we compared the accuracy with 0/1 feature vectors we got better accuracy
with wavelet features. Wavelet extracts the directional features which are giving more accuracy.
We have observed wavelet features classified characters which are having similar shape but different
dark pixel density correctly. Following example image shows two characters KHA with same shape

but with with different pixel density.

Figure 3.7: Images with similar shape with different pixel density

Some confusion characters are classified correctly. For example character "NAA” is less confused
with ”VAA”. Wavelet features are giving over all accuracy of 47.81. We have tried applying wavelet
features on the skeleton images created using the algorithm mentioned in skeleton features section.
We observed that skeleton features caused the reduction in the accuracy. The reason can be the
algorithm for skeletenization causing the loss of information for finding the directional features for

wavelets. We got accuracy with wavelet features on skeleton images as 35.24.

3.5.2 Gabor features

We have used Gabor filter matlab code [12] for gabor feature extraction. We have implemented a
method for dominant dominant orientation matrix. We have observed Gabor features are giving less
accuracy compared to wavelet features. Gabor features are spacial dependent frequency features
they suffer font dependency problem. It performed got less accuracy compared to 0/1 features also.
Gabor features got overall accuracy 35.09. We have applied gabor features on skeleton images

which performed worst compared to gabor features on normal images. We got accuracy of 26.23.

11



3.5.3 Circular features

Circular features are extracted by dividing image into 3 tracks and 6 sectors. We have extracted 18
length feature vector consists of the density of dark pixels in each zone. We have observed circular
zonal features with density are not performed well when compared to 0/1. This feature is highly

font dependent. Little shift in character orientation may effect the features which causes further

decrease in accuracy. Circular features gave poor accuracy of 26.90 over all.

We have applied circular zonal features on skeleton images. In case of circular features on normal

images it is highly font dependent but with skeleton images it becomes font independent. We have

observed significant increase in accuracy. We got accuracy as 41.93.

Following table gives complete statistics of the all the types of feature vectors we have used. We

have compared simple characters accuracy and over all accuracy.

Table 3.1: Comparison of accuracies

Type of features

Simple characters accuracy

Over all Accuracy

wavelet 38.96 47.81
gabor 25.66 35.09
circular 18.89 26.90
0/1 31.57 40.58
wavelet+skel 23.07 35.24
Gabor+ skel 18.36 26.23
Circular + skel 24.67 41.93

We have observed the time taken for classification with above types of feature vectors. We have
observed all methodologies are taking nearly same time. When we compare the accuracies given by

the above methods we can conclude Wavelet features are giving better accuracy over all compared

to all other methods.

12




Chapter 4

Handling OCR Problems

Developing OCR which gives good accuracy is possible only when we solve all the problems which
are causing the poor accuracy. We have seen the major problems for poor accuracy are font de-
pendence, joint characters and distorted characters. If we take real world data it can have different
fonts, different scales and noise embedded in the data. Multiple scale problem can be solved using
normalization of character to a specified size. We tried solving multi font character recognition or
font dependency problem by trying with different feature vector types in chapter3. In this chapter
we will provide our methodology for solving joint character problem. We will also provide one
method for solving font dependency problem. Distorted characters are formed by noise or bad

quality of printer. We will provide observations on distorted character problem in this chapter.

4.1 Joint character problem

Joint characters are formed due to bad quality of printer. While processing a text image in OCR we
will find connected components assuming each connected component represents a character or part
of character. Some times due to bad printing some characters have dark pixels connecting because
of which they form a single connected component. These joint character connected component will

not find any matching template in the training templates which will results the poor accuracy.

By observing connected components having joint characters they will comparatively have more size

than ordinary connected component(CC). As the solution to this problem we need to first sepa-

13



rate those connected components from normal connected components. Joint character component
formed due to more than one normal character template. With this observation we can say instead
of comparing these templates with training templates directly we need to find the templates whose
combination gives us this connected component. In naive method, we need to find the existence of
basis character at each position of the joint character image for that we need to find a co-efficient
matrix which will tell us whether the basis image is present in that position. Joint character image
is the image formed by the sum of all basis images with all corresponding positions. Following

equation gives the naive formula.

argming (X — ZZBZ x ;) + Z lavij(u, v)] (4.1)
7 7

i1j7u7v
where X is input image, B is set of basis images, « is co-efficient matrix and § trade-off parameter

For reconstructing total image we need to find all the co-efficient matrices corresponding to each
image in the basis. The number of the matrices to be found are equal to the product of number
of positions of the image and number of basis images. The number of variables are very high in
this case. Computational time required for computing the matrices is also too high, storage space

required is also high.

Convolution is similar operation which will do the cyclic multiplication on image. We want to find
co-efficient matrix which will give the position of the basis image on the joint character image.
Using convolution we can find the similar thing. Convolution can be computed very fast using Fast
Fourier Transformation(FFT). Number of variables will be minimized. The number of variables
required are equal to the number of basis images. We need one co-efficient matrix per image to find

the positions of the basis image on joint character image.

Morten [21] is trying to solve the similar problem in which given image they try to find the basis,
co-efficient matrix and channel mixing parameters in the context of Non-negative matrix factoriza-
tion(NMF). Our problem is sub problem with some variations. According to Morten the given image
is written as the sum of the basis images convoluted over the co-efficient matrix. The formulation

is as follows.

14



Je(z,y) = Le(z,y) = Z Scd Z aq(u,v)Bg(x — u,y — v) (4.2)

d u,v
where L (z,y) is the reconstructed image, oy is the co-efficient matrix for basis image By and s q is
the channel parameter. In case of Morten basis images, channel parameters and co-efficient matrix

are variables. They are learning all these three parameters while solving following least square

objective.

2(0,B,8) = ;gxc(az, ) = L)+ 3 fostu) (13)
where « is multi dimensional co-efficient matrix, B is multi dimensional matrix contains all basis
images, S is the channel parameter matrix and 8 is trade off parameter. Above objective function
has least square error function, a regularize over a and [ is trade-off parameter with three parameters

«,S and B. In our case we have fixed basis images and we have used uniformly distributed values

for channel parameters and only parameter is «.

Morten assumed all the basis images are of same size. In our case joint characters need not have
all the characters in that from same size. We have included this constraint also in our code. The
objective mentioned above minimized with respect to a and multiplicative update method [18] is

followed for updating the variable after each iteration. Following is the algorithm followed.

Algorithm 1: Shift Invariant Sparse Coding [21]

Initialization. ¢t =0, 048 4 Tandom uniform initialized

repeat until convergence

begin

Update sparse code

Ag(1,0) = 5 504 Xy Xe(@,9) Balw — u,y — v),

Ba(u,v) =320 8cd Doy y Le(@, y)Ba(z — u,y — v),
t+1

ol (u,0) e al(u,v) (G52 )

end

Non-negativity condition needs to be ensured on co-efficient matrix as we are dealing with image

data. Co-efficinet matrix is called sparse code matrix as we are imposing the sparsity constraint on

15



the matrix « in our objective. In current objective function L-1 norm is applied over entire matrix

«a which ensures the sparsity across all the co-efficient matrices.

We have experimented using various size basis images using above formulation. Our assumption is
we are having huge training space containing various font and various scale basis images. With this
assumption we are trying to fit the best basis image in the joint character image. We have created
toy dataset and experimented on it. We have tried for several values for trade-off parameter. As
we increased the value of S more than 3 we are getting output image containing characters with
less resolution. If we take value between 0.01 and 1 we are getting nearly same result with some
resolution changes. We found best value for our data with 8 as 0 when we take trade off between
computational time for convergence and the output image. We have used 4 basis images of size
16 x 16 and six basis images of size 32 x 32. We have created a test image which consists of 7
characters out of these 10. Following image shows the input image, output image generated with 3

value one and the 10 basis images.

Figure 4.1: Joint character experiment input/output and basis images

We have applied above method on the joint characters present in our data set. We have observed
there are 25 joint characters in case of our dataset. Number of joint characters are more when
observed in case online news paper articles. The increase of the accuracy by solving them using
above algorithm is less than 1%. Time taken to converge with real data is more. We have few
observations from our dataset. Most frequent joint character in our dataset is variation of the
character KSHA in Telugu. Using these observations we can implement some optimizations in the
existing code. We can give weight to some characters and also we can add some more heuristics for

extracting characters after finding co-efficient matrix.

16



4.1.1 Improved formulation

We have tried similar formulation with change of norm. We have observed due to L-1 norm we are
loosing information in joint character formulation. If change the norm to L-2 norm over co-efficient
matrix of one basis image and L-1 norm over all the co-efficient matrices then we are giving equal
important to presence of character in a image. In this case character in a image can be formed by
the parts of basis images. This will give some extent font independence. Basis character which is

very near input image is identified as the corresponding image.

We have used following formulation for font independent problem.

Z(a) =5 Y (Xe(w,y) = Lez,9)* + 81 aalu,v))?) (4.4)
d u,v

C7I7y

In case of joint character problem we have used multiplicative update method. Multiplicative
method ensures the non-negativity constraint. We have used projected gradient method for updating
the co-efficient matrix. We have used gradient decent method for updating co-efficient matrix. We
projected it to non-negative space. We have used Armijo’s rule for finding step length. Following

is the algorithm.

Algorithm 2: Algorithm for Updating Co-efficient matrix

Initialization. t = 0, ag’ 4 Tandom uniform initialized
repeat until convergence

begin

Update sparse code

Agt,0) = 5, 504 X4y Xel, ) Balw — w,y — v),
Ba(u,v) =320 8cd Doy y Le(@, y) Ba(z — u,y — v),

af;rl(u, V) — ozﬁl(u, V) — g * 7 ()

o (u,v) «— 0/if o (u,v) < 0

end

o (u, v) +— 0/if ali™ (u,v) < threshold

In the above algorithm p,, is step length find using Armijo’s rule. Z ,(a) is the gradient of objective
function at « value. First we updated with gradient decent and in the next step we projected it

into non-negative space. We have applied sparsity constraint at the end of the algorithm. We have

17



observed at A value 0 we are getting good results. When we increase A value we sparsity is increased
and observed some characters in the input image are not formed in the output image. Following

image shows the input, output and basis images for A\ value 1.

Figure 4.2: With A value 1

We can observe fourth letter is which is different font character formed by the existing characters.
By convoluting basis image with corresponding co-efficient matrix we can find the existence of any
basis character in the final image. By finding connected components in this image we can find the

positions of the basis character existence in the image.

In the following image we can see some characters not formed completely when we give more A

value. Following image shows input image, basis images and output image generated at A value 20.

Figure 4.3: With X value 20
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We have observed the time taken by above method for convergence is high compared to other font

independence methods. We can improve the solution with further heuristics.

4.2 Distorted characters

Distorted characters are major reason for poor accuracy of the OCR. Distorted characters can be
formed due to the noise present in the document or bad printer. We have observed one more
reason causing distorted characters which is binarization method. In this section we will explain

the problems we observed due to binarization.

One of our main goal of the project is to develop OCR, which can work on low resolution images. We
tried working on e-paper image with our OCR which is having very less resolution. We observed
the standard binarization method we used, Otsu’s method [25] which takes global threshold for
binarizing image is causing the distorted characters. When we used adaptive thresholding method
which uses local thresholding value we observed number of broken or distorted characters are less.

We have to experiment more in binarization methods.
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Chapter 5

Conclusion and Future Work

We have implemented OCR system with 0/1 features in our first stage. We have observed the major
problems causing the poor accuracy are font dependency, joint characters and distorted characters.
In stage two we have experimented with different types of feature vectors for solving font dependency.
We have extracted features using wavelet features, gabor features and circular zonal features. We
have observed for Telugu characters we got better accuracy using wavelet feature vectors. We have
observed circular zonal features with density are performing worst. We have repeated same feature
extraction methods on skeleton images generated using voronoiSkel [13] method. We have observed
decrease in accuracies in case of gabor and wavelet features but in case of circular zonal features we
have observed very good improvement in accuracies. From stage2 results we can conclude wavelet
features are giving better accuracy and are solving font dependency problems compared to other

methods.

We have tried solving other problem in OCR, joint character problem. We have observed joint
character problem can be solved by finding co-efficient matrices for with which we can convolute
the basis image and their sum will give the reconstructed image. Our objective is to minimize
reconstruction error and solve for co-efficient matrices. Paper by Morten is solving similar problem
in case of NMF. We have used their code and implemented solution for our problem. We observed
we can solve the joint character problem using this when we have huge training dataset. We have
observed the number of joint characters are less in our dataset which is causing less improvement

in our accuracy i.e less than 1%. We have observed the time taken for solving joint characters is
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more. We have used similar formulation with change in the regularizer for improving the solution.

We have observed slight improvement and this can also be used for font independence.

We observed other major problem for poor accuracy is distorted characters. Distorted characters
caused due to bad printers or noise, which can not be solved completely using general font indepen-
dence methods. But we observed one more reason for distorted characters in case of low resolution
input images, binarization. We have used Otsu’s method binarizaion which is also causing some
broken characters. We have observed using adaptive thresholding methods can decrease number of

broken/distorted characters.

Our future work involves improving accuracy by trying more types feature vectors. We also need to
try using combinations of the different types of feature vectors. We need to improve the solutions
for joint character problem in terms of execution time. We need to find some optimizations, by
observing dataset we can say there are repetitions in joint characters which we can use for giving
weights for some of the basis images and optimize the execution time. We can use additional
heuristics for optimizing the solution. We have observed broken characters problem can be caused
by binarization methods also. We need to experiment more on different binarization methods to
decrease the number of broken characters. We have to apply some more filters which can remove

remaining noise from image after our noise removal step.
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