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Text Segmentation and Binarization is a very difficult and challenging task in case of unclear
document images because of the difference between text and background of the text.
Threshold play a vital role for text binarization because it separates the foreground and
background of images and very difficult to find a good threshold. Many approaches have
been available to find the threshold for text segmentation and binarization. All of them have
its own advantage and disadvantage. In this project report, an approach has been proposed to
text segmentation and binarization from challenging and sophisticated document images
using difference theoretic texture feature. In this proposed algorithm, the adaptive threshold,
contrast stretching and gamma correction have used for enhancement and binarization of
document images. An adaptive global threshold algorithm merges with contrast stretching

and gamma correction to enhance the document image.

The difference theoretic texture feature is used for text extraction from an image. The
difference theoretic feature technique has also used to segment text area from document
images. This technique provides better results for all unclear and clear images as compare to
other techniques. The proposed technique has been implemented using MATLAB 2012. This
proposed technique has been tested on five recent document image binarization contest
(DIBCO) 2009, 2011 and 2013 and handwritten-DIBCO 2009, 2010, 2011 and 2013 datasets
[1] [2] [3] [4] and achieves performance 81.22%, 82.86%, 85.10%, 83.40%, 76.04%
respectively. It is also tested on many different challenging document images which is
captured by mobile phone. This technique provides better results for all unclear and clear

images as compared to other techniques.
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CHAPTER-1
INTRODUCTION

Text segmentation and binarization is an important part in document image processing that is
a subfield of digital image processing. The main objective of document image processing is
to detect text area in the image. For creating the Algorithm “Text Segmentation and
Binarization using Difference Theoretic Texture Feature ”, studied different research papers
and book of image processing. The keywords used in this algorithm are: Otsu’s Threshold
Method [5], Gamma Correction [6], Contrast Starching [6], Difference Theoretic Texture
Feature Technique [7], and some other concept of digital image processing. The document
image can be segmented into various area such as Line segmentation, Word segmentation,
Character segmentation and text area segmentation. The proposed algorithm is used for
binarize and text area segmentation from any type of document images. In proposing
technique we focus on the binarization of grayscale document image because in most cases
information has lose when we convert grayscale to binary image. Therefore, most of the
work has been developed to work on binary images like that Otsu’s Threshold [5],
Yanowitz’s Method [8] [9], Niblack’s Method [10] [11], Sauvola’s Method [12], Bernsen’s
method [13] and Post-Yanowitz’s Method [14]. To test the proposed technique against to
previously exist technique, the predefined datasets of Document Image Binarization Contest
(DIBCO) and Handwritten-DIBCO [15] [16] [17] [18] have used. This chapter, discuss about
the text segmentation and binarization and some better method of text binarization.

1.1 Overview of Text Segmentation and

Binarization




Today is very common that the document image embedded with text and some other things
like pictures and so on. Text Segmentation is the process of recognizing the text appearing in
document images. Text extraction in images has been used in a large variety of applications
such as mobile robot navigation, document retrieving, object identification, vehicle license
plate detection, etc. [19]. There are so many popular techniques available for text extraction,
such as discrete wavelet transform (DWT) [20] and Haar wavelets [21]. There are two ways
for text segmentation in document image, namely region based approach and texture based
approach. In the region based approach, each pixel in the image is considered and assigns it
to a particular region or object [22]. This approach is basically divided into two
subcategories: edge based [23] [24] [25]and connected component based. They are relatively
independent of changes in text size and orientation, but having difficulties with complex
images with non-uniform backgrounds, for example, if a text string touches a graphical
object in the original image, they may form one connected component in the resulting binary
image [22]. The main aim of segmentation is to partition the document image into various
homogeneous regions such as text block, image block, line and word [26]. In the propose

approach, the texture based technique used to extract the text area.

In many cases for improving the quality of text in document image we need to binarize the
image. The meaning of Text Binarization of document image is to segment the text
(foreground information) from the background of the document. Binarization of document
images is a critical step in many document processing workflows, and at the same time it is a
good example of a complex analysis problem [15] [16]. For text segmentation and
binarization, the best known technique is thresholding. Thresholding is a method to extract
foreground information from background. It is used to determine whether a particular pixel
belongs to the background and foreground. In image if the pixel value is greater than the
threshold value, then it is known as foreground pixel otherwise it is known as background

pixel.

There are two types of threshold methods: Single Threshold and Multilevel Threshold. Single
Level Threshold can produce binary images (0, 1) (image contains only two pixel value: 0
and 1. In other hand, Multilevel Threshold can produce an image with a range between 0 and
255 of pixel values [17] [18] [27] [28] [29]. There is a different way to use threshold: global




and variable thresholding. In Global thresholding [6], the threshold value is constant
applicable over an entire image. But in Variable thresholding [6], threshold change over an
image. The variable thresholding in which the value of threshold at any point in the image
depends on the properties of a neighborhood of that point, called as Local (Regional)
thresholding [6]. The variable thresholding in which the threshold value depends on the
spatial coordinates themselves is known as dynamic thresholding [6]. Local Threshold is
better as compared to Global Threshold. We can calculate the value of threshold by using the
average intensity of the image, the histogram of the image and so on. There are different
techniques have been proposed through the year for document binarization. The
segmentation and binarization technique has also designed and this is better as compare to
other techniques. The proposed algorithm removes background information and binarized
only text area from document image. Many others algorithm are available to binarize
document images. The well-known image binarization algorithms are Yanowitz, Niblck,
Sauvola and Post-Yanowitz threshold. These algorithms provide foreground information
completely, but they can’t able to remove background noise completely when there is no

difference between the foreground and background of an image.

1.2 Threshold Techniques

Thresholding is very first step in preprocessing for poor quality images to eliminate the
background, foreign bodies. Preprocessing requires for enhancement of contrast between
dark and light pixel value to improve the quality of the image. Threshoding are used for
separating background information from foreground. The binarization methods of grayscale
document images can be divided into two main categories: Local Binarization and Global
Binarization. The very best example of Global binarization is the Otsu threshold method [5]
that tries to find one threshold value for complete image. The global binarization method is

best in the case of scanned documents.
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Figure -1.2 Separation of object from background using threshold
1.2.1 Single level Thresholding

In single threshold, we select a threshold value T that change the image into black and white.
In segmentation phase, threshold plays a very important role. For local segmentation single
level threshold methods were becoming well. Local binarization are able to provide good
results in case of old and degrade document image because it computes thresholds
individually for each pixel. Suppose that the intensity histogram of image f (X, y) composed
of light objects on a dark background in such a way that object and background pixels have
intensity values groups into to dominate modes [6]. To extract the object (Text) from the
background is to select a threshold T. Any point (X, y) in the image at which f (x, y) >T is
called an Object Point; otherwise, the point is called a Background Point [6]. In

mathematical form, the segmented image g (X, y) using a single threshold is given by:

1, if f(x,y)>T

g, y) :{o, if Fey) <T (1.2.1)

1.2.2 Multilevel Thresholding

Multilevel thresholding methods were becoming well because a single threshold is not
always suitable for global segmentation. In case of Multilevel Threshold, more than one
threshold value is used for image segmentation [30]. Multilevel Threshold segment an image

called f (x, y) by classifying a point (X, y) as belonging to the background if f (x, y) <= Ty, to




one object class if Ty < f (X, y) <= T, and to another if f (X, y) > T,. The Multilevel Threshold
condition with segmented image g (X, y) is given by:

if fxy)<T1
g(x,y) =3b, if T1<f(x,y)<T2 (1.2.2)

if flx,y)<T1

R

AR

In above equation a, b and c are distinct pixel value in the image.

1.2.3 Multi-Threshold

The Multi Threshold method uses a series of threshold values and computes the total number
of blobs or objects in an image for each threshold. The peak threshold values are those with
the highest total number of blobs as compared to their threshold neighbors [30].

1.2.4 Otsu’s Method for Thresholding

Otsu’s method of image segmentation is one of the best methods for threshold selection.
Normally, the Otsu’s method found the optimal threshold in an image by maximizing the
between-class variance of pixel intensity with an exhaustive search. However, with an
increase of the number of classes in an image, this method becomes rather inefficient because
it requires a large number of iterations to compute the cumulative probability (zeroth-order
moment) and the mean (first-order moment) of a class [5]. Otsu method tries to find a single
threshold value of image and this threshold is used to assign a pixel value to foreground or
background. Otsu method is based entirely on computation performed on histogram of an
image easily obtainable in a one dimensional array. It is used to automatically perform
histogram shape-based image thresholding or the reduction of a gray level image to a binary
image [6]. Algorithm of Otsu’s Method is described below-




> w e

Read any image.

Convert it into gray image.

Compute the histogram of an image.

Compute the normalized histogram (histogram in one dimension) of an image and
component of histogram by using Pi = ni/MN wherei=0,1, 2, 3... L-1.
Pi=histogram component

ni=number of pixel with intensity i.

MN=size of image. And L-distinct intensity level.

Calculate the component of the histogram.

Compare the intensity value of image with threshold value t and store in c1 and c2.

_(1=f0y), if flry) >t
909 =12 Z fa if F) <1 429

Compute the average intensity of the entire image (global mean)

mg = Yr-d i(Pi) (1.2.4)
Compute the probability p1 using threshold that a pixel is assigned to class c1.

pl =Y, Pi (1.2.5)
Compute the probability p2 using threshold that a pixel is assigned to class c2.

P2 = Xiliyq Pi (1.2.6)

10. Compute mean intensity value m1 of the pixels assigned to class c1.

ml = ¥i_i(Pi) (1.2.7)




11. Compute mean intensity value m2 of the pixels assigned to class c2.
m2 =Ygy L(PD) (1.2.8)

12. Compute mean m (average intensity) up to the threshold value t.

13. Compute between class variance.
mb = pl(ml —mg)? + p2(m2 — mg)? (1.2.9)

14. Calculate the optimal threshold value I.
mo(l) = maxXy<j<;—1 mb(i) (1.2.10)

15. Compare the optimal threshold value with intensity value of image

if flx,y)>1

_(g9=1
g(x’y)_{h 0, if flx,y) <l

(1.2.11)




CHAPTER-2

LITERATURE REVIEW

In this chapter, some popular related works are discussed. Many numbers of researchers have
proposed an algorithm to binarized the images. These algorithms are also known as a
threshold algorithm because a threshold is required to convert an input image into a binary
image. These local threshold techniques estimate a different threshold value for each pixel

according to the grayscale information of the neighboring pixels.

2.1 Yanowitz and Bruckstein [8] [9]

Yanowitz and Bruckstein suggested using the gray-level values at high gradient regions as
known data to interpolate the threshold surface of image document texture features. In this
method, a threshold surface is constructed by finding the edge points of the smoothed image.
The gradient magnitude image is computed and thinned to one pixel-wide line to identify
edge points. An iterative interpolation process is employed to get a smooth surface passing

through the edge points. The constructed surface is used to threshold an image [31].

In an iterative interpolation process, the interpolated surface is set at image gray scale at the
edge points and 0 at the other points. The technique uses adaptive thresholds and the value of
that threshold is calculated through the combination of edge analysis, processing with gray
level information and the design of the interpolated threshold surface. After that the image is
binarized using that threshold value. In this method we calculate threshold value at any pixel

by using the following equation:

T(x,y) =m(x,y) X (1-— %) (2.1.1)




Where T (X, y) is the threshold at pixel (X, y), m (x, y) is the local mean and k is used to
determine how much of the total print object boundary is granted as a part of the given
object. The main point of Yanowitz’s method is, to make a threshold surface depending on
the edge point’s condition. So the threshold value can change according the gray scale
surface of the original image. But in this method, it is very difficult to select edge points. If
the edge point cannot select correctly, the threshold surface cannot be constructed properly,

otherwise they will contribute much to the threshold surface construction.

2.2 Niblack’s Method [10] [11]

It is a local thresholding method based on the calculation of the local mean value and of local
standard deviation. In this method we calculate threshold value at any pixel by using the

following equation:

T(x,y) =m(x,y) + k Xs(x,y) (2.2.1)

In this equation T (X, y) is the threshold at pixel (x, y), m (x, y) and s (X, y) are respectively
the local mean and standard deviation of the local area. k is used to determine how much of
the total print object boundary is granted as a part of the given object. This method provides
the facilities to separate object from background of that object. But through this method we

cannot remove background noise, situated far away from the objects.

2.3 Sauvola local thresholding [12]

This method is better for classical document images. The Sauvola method for local
binarization does quite well, and basic idea of Sauvola is that there is a lot of local contrast,
the threshold value should be selected close to the mean value, by an amount proportional to

the normalized local standard deviation. The proposed technique uses rapid image surface




analysis for algorithm selection and adaptation according to the document contents. The
contents are used to select the algorithm type and need for parameterization, if any, and to

compute and propose the threshold value for each or every nth pixel (interpretive approach).

The document content is used to guide the binarization process: a pictorial content is
subjected to a different type of analysis than a textual content. The degradations, such as
illumination and noise, are managed within each algorithm structure to effectively filter out
the imperfections. The results of the thresholding processes are combined with a binarized
image that can either use a fast option, i.e. to compute binarization for every nth pixel and
interpolate the threshold value for the in between pixels, or a pixel by pixel option that

computes a threshold value for each pixel separately.

In this method we calculate threshold value at any pixel by using the following equation:

T(x,y) = m(xy) x (1 + k X (5("' Nfo _ 1)) 2.3.1)

In this equation T (X, y) is the threshold at pixel (x, y), m (X, y) and s (x, y) are respectively
the local mean and standard deviation of the local area. k is used to determine how much of
the total print object boundary is granted as a part of the given object. R is the maximum of
standard deviation s (X, y).

2.4 Niblack’s Method with Post-Processing using

Yanowitz [14] [9]

This threshold technique is the combination of two techniques: one is Yanowitz and
Bruckstein’s method and the second is a Niblack’s method. This method provides better
results as compare to Yanowitz’s method and Niblack’s method because Yanowitz’s method

retrieve all text, but not able to remove noise and Niblack’s method is best for removal of




noise. So the resultant of both Yanowitz and Niblack provides better results. This method
removes the most irrelevant things. In other words Niblack’s method with the addition of the
postprocessing step of Yanowitz and Bruckstein’s method added performed the best, and was
also one of the fastest binarization methods [32]. These are the following steps of the post-

yanowitz algorithm:

1.) Take an input image.

2.) Apply average filter of (3 x 3) on input image to remove noise and make it smooth
(imagel).

3.) Sobel’s edge operator [33] is used to calculate the gradient magnitude image of the
imagel [34].

4.) Select a threshold value (TP). There is no automatic method to specify TP for a given
image, so it is specified by trial and error.

5.) Calculate the average gradient of the edge pixels (the pixels that are 4-connected to
the background) for all 4-connected components and remove those components that

having an average edge gradient below the threshold TP [34].




CHAPTER-3

RELATED CONCEPTS

This chapter reviews the details about concepts that used to design propose algorithm. These
concepts are Gamma Correction, Contrast Stretching, Difference Theoretic Features and

Performance Measure.

3.1 Gamma Correction

With Gamma Transformations, you can curve the grayscale components either to brighten
the intensity (when gamma is less than one) or darken the intensity (when gamma is greater
than one) [6].

The gamma correction can also be defined by using the following expression [6]:
Gl =cXx@GY (3.1.1)

In the above equation, G1 (non -negative) is the output and G (non negative) is the input
value. c is a positive constant value and in many cases the value of c is 1. y is a gamma value.
If the value of gamma is greater than one (y > 1), increase contrast and if the value of gamma
is less than one (y < 1) it reduce contrast. If you notice, different display monitors display
images at different intensities and clarity [35]. That means, every camera has built-in gamma
correction with certain gamma ranges and so a good monitor automatically corrects all the
images displayed on it for the best contrast to give users the best experience [35] [36].

Gamma Correction is also known by Power-Law Transformation.
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Fig 3.1 All stages of Gamma Correction.

3.2 Contrast- Stretching

Contrast is created by the difference in luminance reflected from two adjacent surfaces [37].
In real perception, contrast is determined by the difference in color and brightness of an
object with other objects. Contrast-Stretching transformations increase the contrast between
the darks and the lights [38] [6]. Low contrast images may be the cause of wrong setting of
the camera, shadow and poor illumination. In other word, contrast stretching is a process that
makes more suited result as compare to original image.

The contrast- stretching has the form [6]:

S=1/(1+ (%)E) (3.2.1)

m - is the mid-line where you want to switch from dark values to light values.




1/(1+(0.5/(a+eps)).AE

r - Input image.
S - Output image.

E — to Controls the slope of the function.

In the below figure we can easily understand about contrast stretching. It separates the image
into two parts, first one is black and second is white, on the m value, and the transition
between these parts is a slope that depends on E value. The slope between black and white
parts could be more or less smooth. If the value of E is equal to one (E=1), the stretching
became a threshold transformation. If the value of E > 1, the transformation is defined by the
curve, which is smoother if the value of E is increased. When E < 1, make the curve become

negative. For the grayscale image with low contrast the best method is contrast stretching.

In below figure you can see all mathematic value of the contrast stretching equation:-

Plot of Contrast-Stretching Transformations With Changing E

Plot of Contrast-Stretching Transformations With Changing m

=

& 8

o
-~

1/(1+(m/(a+eps)). N4

e €

Fig 3.2 Contrast Stretching with variable E. Fig 3.3 Contrast Stretching with variable m




3.3 Difference Theoretic Texture Features [7]

There are so many techniques available for texture feature extraction. Some best techniques
are co-occurrence matrix [39] [40], Markov random fields [41], Gabor filters Q1 [29] [42],
Hermite transforms [43], DCT transforms [44] and wavelet representations [45] [46] [47]
[48] [49] [50]. Most of these techniques assume that the texture images have the same
orientation and scale [7]. But the difference theoretic texture feature technique is better as
compared to others because it reduces the feature dimension and provide very good results. It
is due to the fact that it is scale, rotation and illumination in variant. This method is superior
in performance with an advantage of reduced feature dimension as compare to other method
of feature extraction like local binary pattern (LBP) [51], LBP variance (LPBV) [52] method

[7]. This method returns a feature set D.

D=[absdiffH, absdiffV, absdiffD, pdiffH, pdiffV, pdiffD, absY, pY, pdiffHY, pdiffVY,
pdiffDY]

M SN G -F @D

absdif fH = fyvne (3.3.1)
absdif fV = Zl=121=1";;"]3 Ll (3.3.2)
absdif fp = 22zl (I;fo (E+1.j+2)] (3.3.3)
. S SN PR((F (L) —f(L,+1))Q)
pdif fH = TN (3.3.4)
. M S PU((FGD-FE+1,1))Q)
pdiffV = Yo (3.3.5)
. YLy XN PA(S ()~ f(i+1,j+1)Q)
pdif fD = oy (3.3.6)
M yN e i)—
absy = 22zl G)7kD (3.3.7)
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_ LI Pg(FD-1)Q)

pY e (3.3.8)
pdif FHY = z?ilzﬁ-v:lPhg((f(i,j>lv—lgvz,j+1))0,(f(i.j)—u)o) (33.9)
Ddif VY = Zli\ilZ?LlPvg((f(i,j)l;ix+1.1))Q,(f(i,j)—ﬂ)Q) (3.3.10)
Ddif DY = ZﬁlZ?’:lPdg((f(i,j)—;;ii;1,J'+1))Q,(f(i.j)—M)Q) (33.11)

The following parameters are used in above equations represents-

f(i,)) is the pixel intensity at coordinate position (i, j), i =1, 2, 3,...,M-1, Mand j = 1, 2,
3,..,N-1, N. Ph, Pv and Pd are local probability values obtained from h(horizontal),
v(vertical) and d(diagonal) histogram respectively. Pg is global probability obtained from
g(global difference) and Phg, Pvg and Pdg are joint probability of local and global

differences and the mean value of the image represents using . pY is the mean frequency of

occurrence of global differences obtained by mapping back to each pixel the Pg
These are the following steps of difference theoretic texture features [7] -

1.) Find the signed grey level differences both global and local for each pixel in an
image.

2.) Find the histograms of signed global and local differences ph, pv, pd and pg.

3.) Find joint histograms of signed global and local differences phg, pvg and pdg.

4.) Map the probability values from the histograms to each pixel in the image based on
best match of histogram indices and actual pixel differences.

5.) Find the average of the absolute differences and the probabilities of the signed
differences over all the pixels in the image to form anl11-dimensional feature set using

the equations (3.3.1-11) described above.




3.4 Performance Measure

There are so many popular techniques available for binarization. That’s why a performance
method used to compare the results of the proposed method with others. The performance is
evaluated by using F-Measure (FM) [53]. The image can be divide into four parts: one is
True Positive (this part includes only relevant information), second is False Positive (area of
unexpected relevant information), third one is True Negative (represents the relevant thing as
irrelevant) and the last one is False Negative (includes the unexpected irrelevant
information). We can also define TP (True Positive) as is the total number of matched
foreground pixels, FP (False Positive) is the total number of misclassified foreground pixels
in binarization result as compared to ground-truth and FN (False Negative) is the total
number of misclassified background pixels in binarization result as compared to ground-truth
[54]. These parts are used to calculate FM. This section reviews how to calculate FM,

Precision and Recall.

3.4.1 Precision

Precision is a technique that uses to evaluate the average probability of relevant retrieval. The
precision value represents a relevant thing. The Precision is the ratio of correctly detected
text to the sum of correctly detected text plus unexpected texts. Unexpected texts in an image
are those texts which are actually not a text (foreign bodies, noise), but have been detected by
the algorithm as text regions. The correctly detected text is also known as True Positive (TP)

and unexpected text is known as False Positive (FP)

TP
TP+FP

Precision = (3.4.1)




If the value of precision is 1 that means the results retrieves by the algorithm was relevant.
For example, in case of document image result, if precision rate = 1, then the resulted image

contains only text, but we cannot say that all relevant text were retrieved.

3.4.2 Recall

The average probability of complete retrieval is known as Recall. A recall can be defined as
the ratio of correctly detected text to the sum of correctly detected text plus texts which are
not detected by the algorithm. The texts which have not been detected by the algorithm is
known as False Negative (FN). If the value of recall is 1 that means the results retrieves by
the algorithm was relevant. For example, in case of document image result, if precision rate =
1, then the resulted image contains only text, but we cannot say nothing about how many

irrelevant thing was also retrieved.

TP
TP+FN

Recall =

(3.4.2)

3.4.3 F-Measure

F-Measure is used to measure performance of binary image. It is calculated by using the
combination of precision and recall. F-Measure is also known as tradition F-Measure or
balanced F-Score or F; Measure, because precision and recall are equally weighted. F-

Measure can be considered as a harmonic mean of precision and recall.

PrecisionxRecall
(3.4.3)

F — Measure = 2 X —
Precision+Recall




CHAPTER-4

PROPOSED TEXT SEGMENTATION AND

BINARIZATION  USING DIFFERENCE

This chapter presents a brief overview of the proposed approach “text segmentation and
binarization using the difference theoretic texture feature. The purpose of this algorithm is to
find out text area and then binarize the text area. This chapter divides into five sections. The
first section presents an input. The second section reviews the preprocessing. Third section
represents about feature extraction and matching. Fourth section is text segmentation and

binarization and last section presents an analysis.

.5
om—

Fig 4.1 Architecture diagram of our method

4.1 Input Image

The proposed algorithm has been tested on more than hundred (100) document images.

These document images are taken from well-defined DIBCO datasets and captured from a




mobile phone. There are sixty-six (66) images available from DIBCO datasets and thirty-six

(36) images from a mobile camera.

The DIBCO series developed by Gatos et al, Tikakis et al and Pratikakis et al are publicly

available. Every dataset of DIBCO has an original image and corresponding Ground Truth

(GT) image. The first document image binarization contest (DIBCO-2009) dataset contains
five (5) handwritten and five (5) machine printed image. The second (DIBCO-2010) dataset
contains only ten (10) handwritten image. The DIBCO-2011 and DIBCO-2013 dataset have
eight (8) machine printed and eight (8) handwritten images. There are fourteen (14)
handwritten image available from the DIBCO-2012 dataset. There are thirty-six (36)

document images that captured using mobile phones (Samsung Galaxy S4). These document

images are divided into different categories based on noise-

1.) Document images with fingers (10 images)

2.) Document images with pen/pencil (8 images)

3.) Document images with mobile/watch (8 images)

4.) Extra document image (10 images)

Table 4.1: The Input Datasets used for Experimentation.

Datasets Handwritten image | Machine printed image | Total image
DIBCO-2009 5 5 10
DIBCO-2010 10 -=-- 10
DIBCO-2011 8 8 16
DIBCO-2012 14 14
DIBCO-2013 8 8 16
Mobile phone 3 33 36

Before using these document images, there is a need to resize the document images with

(300 x 400) to make same size. For proposed algorithm there also need to create a template

image of (15 x 20) size. This template image is used to extract text from document image.




4.2 Preprocessing

The aim of preprocessing is to prepare the input for further processing. It is the first step after
reading the input. Preprocessing performs vital role, if the quality of document image is poor
and require to remove noise and contrast enhancement between foreground and background
of an image. An improve adaptive global threshold algorithm (threshold algorithm with
gamma correction and contrast stretching) have used to enhance input image and removal of
foreign bodies. The detail preprocessing algorithm is described below with an example

(document image captured using mobile phones)-

1) Take an input image and convert it to gray image.

Fig 4.2.1 input image Fig 4.2.2 gray image

2) Select an initial threshold value t1 by calculating the using Otsu’s method [5].

3) Take second threshold value t2=0.

4) Divide the input image into two clusters that is g1 and g2 by using t1. Cluster g1
includes pixels with gray level value greater than or equal to t1 and cluster g2 includes
pixels with gray level value less than t1 [1].

_(1 if flx,y)=tl

9106 y) = { 0, otherwise (4.2.1)
_ (1 if fx,y)<tl

92(x,y) = {0, otherwise (4.2.2)
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5) Perform gamma correction [6] on both input image gl and g2 by using the following

formula:-
1
gll =cx (gl)9 (4.2.3)

g21 =cx(g2)s (4.2.4)

g=constant (we take 1/g=0.97), if g>1 increase contrast and g<1 reduce contrast

c=1 (constant)
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Fig 4.2.5 g11 image Fig 4.2.6 g21 image

6) Replace t2 by t1.

7) Calculate the average gray level value t1 for pixel in g11.

8) Repeat step 2 to 6 until the difference between t1 and t2 is greater than zero.

9) Perform contrast stretching [6] on both input image g11 and g21 and produce output

images g111 and g211 respectively by using the following formula-

t1 \E
gl11=1/(1 + (E) ) (4.2.5)




g211 =1/(1 + (gt—zll)E) (4.2.6)

E=constant (we take E=4)

Fig 4.2.7 g111 image Fig 4.2.8 g211 image

As you can see the results and compare the original image with enhanced image. Original
image contains noise like a finger in the corner of the image and some shadow portion. But
the enhanced image (i.e. g111 image) has a very less portion of finger nails and improves the
quality of the image. After preprocessing the enhanced image (i.e. g111 image) are used for

further steps.

4.3 Feature Extraction and Matching

The output of previous section (i.e. enhanced image gl111) is used in this section. The
algorithm design for feature extraction and matching are described below-

10) Now g111 is the new document image.
11) Creates a template image (t1) in Microsoft word for any size.
12) Resize the template with any value of height (h1=15) and length (11=20).

dB

Fig 4.3.1 template image

13) Find the difference theoretic texture features [7] of the template.




14) Match the template image with original document image by using block matching:
= Takes the value of the height (h1=15) and length (11=20) to create blocks in
document image for matching with the template.
= Find the distinct texture features of all blocks.
= Match the features of each block (D2) with the texture features of the template
(D1) by using the maximum of absolute differences to detect a mismatch.

m = max |D1 — D2| (4.3.1)

15) Create an array (A) to store those pixel values where matching is found.

Fig 4.3.2 A image

4.4 Text Segmentation and Binarization

The result produce by previous section (A image) are used to find a text area from document

image. The process of finding text area and binarization are described below-

16) Display the array (A) (through this array we can detect the line of the document) and
finds the number of lines by comparing the threshold value (calculated using Otsu
method [5]) (imgcl).

17) Multiply the original image (g111) with the array A to extract text from lines (imgc2).




Fig 4.4.1 imgcl image Fig 4.4.2 imgc2 image

18) GET BINARIZED TEXT FROM BLOB:-
v" Converts (imgc2) image into a binary image using Otsu threshold method

(imgc3).
v Apply average filter window size [3, 3] to imgc3 image (imgc4).

1

Fig 4.4.3 imgc3 image Fig 4.4.4 imgc4 image

v/ 1)) Multiply (imgc4) with the original image (input image) (imgc5).
2.) Convert (imgc5) image into a binary image using yanowitz method
[8](imgc6).
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3.) For the purpose of extracting the text, in a loop for each white pixel in dilate
image put the value of (imgc6) image into a new black image. (imgc7) (final

binary image)




4.) Superimpose the text area in the

image).
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Fig 4.4.7 imgc7 image

original image (imgc8) (final text segment

Fig 4.4.8 imgc8 image

The above figure (Fig 4.4.7) and (Fig 4.4.8) are the final output of proposed algorithm “text

segmentation and binarization.” This algorithm has been compared with well-known binary

algorithm which are Yanowitz’s method, Niblack’s method, Sauvola’s method and Post-

Yanowitz’s method.

Table 4.2 Comparison Method

Method

Binary image

Segmented image

Proposed method
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Niblack’s method
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As you can see Table 2 which defines the results of proposed and some best comparison

methods, the result of proposed algorithm is best because it remove noise and binary only

text area. But in case of the comparison method, no one completely removes the noise figure.

The first, best result is provided by our method and second best result come from a Niblack’s

method. The third best result is of Yanowitz’s method and fourth best (last) produces through

Sauvola’s method. In case of DIBCO series, the proposed method is also evaluated based on

precision, recall and F-Measure.




4.5 Analysis

This section review about some user define parameters to create propose algorithm. How and
why only these parameters are provided better results as compare to other parameters. These

parameters are described below in detail.

4.5.1 Selection of Gamma Value

It is very difficult to select a gamma value to improve the quality of the image. The different
value of gamma has tried to make good result for every input image. After trying so many
value, the one value is selected which provide good result for every input image. The
selected gamma (g) value is 1.039 (i.e. 1/g=0.97) in equation 4.2.3 and 4.2.4. Because the
selected gamma value is greater than one (1) that means it is used to increase contrast. So
much value has also tried to final 1/g = 0.97. For some value of 1/g, the figures are shown

below-

Fig 4.5.1 represents an image when we use (1/g = 0.95). This image have some extra area of
finger as compare to Fig 4.5.3 (used in proposed algorithm 1/g = 0.97).

\
b

Fig 4.5.2 image with 1/g=0.96

Fig 4.5.1 image with 1/g=0.95




Fig 4.5.3 image with 1/g=0.97 Fig 4.5.4 image with 1/g=0.99

This result is not good so tried with some other gamma value (i.e. 1/g = 0.96) which shown
in Fig 4.5.2. The second figure is better than as compare to first one. After that an idea is
come that if the value of 1/g is greater than 0.95, provide better results. Then try with 1/g =
0.97 are shown in Fig 4.5.3. It is better than the second one because it also removes some
extra portion of noise and the text is also readable. After that, if the value of 1/g is increase
than the result is bad as compared to Fig 4.5.3. As you can see in Fig 4.5.4 with 1/g = 0.99 is
greater than 0.97, not able to produce readable text (in last three line db are not good as
compare to Fig 4.5.1, Fig 4.5.2 and Fig 4.5.4). That means the saturation point is 1/g = 0.97.
That’s why 0.97 is selected for the propose algorithm.

4.5.2 Selection of E-Value in Contrast Stretching

In contrast stretching function, E value is used to control the slope of the function. The
contrast stretching is used to increase the contrast between darks and light. The value of E
should be good to enhance the image. There are four images Fig 4.5.5, Fig 4.5.6, Fig 4.5.7
and Fig 4.5.8 of different E value that is E = 2, E = 3, E = 4 and E = 6 respectively. These
images are shown below and you can compare every image with others to select good result.
According to visual perception, Fig 4.5.7 (third image) is a good result as compared to other

results because it is readable as well as reduces the shadow portion.
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4.5.3 Selection of Template Image

The template requires extracting text from document images. If the features of template are
similar to the features of blocks in document image, then it provides high matching score.
There are more than 100 document images, and only one template. So it is very difficult to
give better result for every image. There are two things requires in case of the template. First
one is text of template image and the second one is the size of the selected template image.
So many templates have tried with different- different size, but the selected template provides

better result in every image. Some templates and corresponding outputs are given below-




Table 4.4 Results with different template image

Segmented image

Template image

Binary image
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SELECTION OF TEMPLATE SIZE: If the template size is similar to character size of

input image, then it retrieves almost text area. Currently the selected template size is [15, 20]
after trying so many different sizes for template image. For every input image the selected
template image size [15, 20] provides good results. Here showing the results with some other
good template size to compare with selected size results. In below graphs the red line
represents FM, PRECISION and RECALL with template size [15, 20] and others for

different template size.
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Fig 4.5.9 Img1l Fig 4.5.10 Img2 Fig 4.5.11 Img3 Fig 4.5.12 Img4
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Table 4.5 Results of Img1

Table 4.6 Results of Img4

Size FM | Precision | Recall
17,22 | 36.01 | 84.22 22.90
25,33 | 35.85| 84.87 22.73
15,20 | 36.90 | 83.05 23.72

Table 4.7 Results of Img2

Size FM | Precision | Recall
12,16 | 73.88 | 83.87 66.02
38, 50 | 65.08 75.94 56.94
33,44 | 70.51 76.96 65.06
15,20 | 77.75 78.47 77.04

Size FM | Precision | Recall
23,31(92.70 | 92.96 92.45
30,40 90.92 | 93.25 88.70
15,20 | 93.61 | 92.36 94.89

Table 4.8 Results of Img3
Size FM | Precision | Recall

30,40 | 89.53 | 82.84 97.39
75,100 | 86.78 | 82.42 91.63

27,36 | 89.77 | 82.73 98.12

15,20 [ 90.35| 83.15 98.92




CHAPTER-5

EXPERIMENTAL RESULTS & DISCUSSION

This chapter represents the results of the proposed algorithm of “text segmentation and
binarization” was tested using most difficult document images. These document images are
collected from three different categories: document images captured using a Mobile Phone,
document images were selected from DIBCO and H-DIBCO datasets. The first section
presents an Experimental setup. The second section presents Mobile Image results and
DIBCO dataset results of the proposed algorithm. The fourth section presents a performance

analysis, including precision, recall, and F-Measure.

5.1 Experimental Setup

The system with Intel core i3 processor 2.40 GHz, RAM to 4.00 GB and 64-bit operating
system and MATLAB 2012 tool are used to implement proposed algorithm. The following

parameters are required to design, propose algorithm:

1.) Samsung Galaxy S4 mobile to capture images and DIBCO datasets.
2.) Resize input image with 300 x 400.

3.) Resize template image with 15 x 20.

4.) Define gamma value 0.97 (i.e. 1/g = 0.97).

5.) In contrast stretching for control the slope of the function (E), E=4.

5.2 Proposed Algorithm Results

The results of the proposed method are divided into two categories: Mobile Image Results
and DIBCO datasets results.




5.2.1 Mobile Image Results
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* 10t ahi, int B int blo ing Bhi) {
lo)2;
(bhi bloy2:
bmed < bibmig),
i ahi - glo , bhi - blo < 4) {
Handle the boynda,
return;

Ty cases and solve it smallgr problen
'

else ifamed bmed)

FindMedian(A, amid_ ahj. B, blo, bmids+1 |
FindMedian(A, alo, amid+1B, bmids],

T wompag
int ahi, jng B, int blo ing bhi) {
e

g i oy
L. O (ahi-
amed « x{zmnd],
bmid's hjo (ohi-bloyz;
bmed & bibmig),
5 5l B - o < Ol
Handle the bounds,
return;

alo)

Ty cases and solve it smaller probles

FindMedian(A, amid, ahi, B, blo, bmids1);
FindMedian(A, als; amid+1,B, bmids1,

s, The

int ahi, int B[], int blo int

(8 b« dlo + bhi = blo < 4) {
Handle the boundary
Feturn;

ihcaly g

y abi. int B} igt bl
Tl (0B by

Amed - afamig),
fhbi-bioyy,

bmid  plo ,
Bened < b,
if(-hi-umhm-uod)(

Hindle the boundary cases and soly it emalier

proble:
Temm;

hi, B, Wo, bmide iy
FindMedian(s, alo, amidy

LB, buaide1, b,

anfiar Al int gl i
renid ko + (uhi ploy.
Amed v afarnig),
bid w b, {bhi-bloyg,
beted w by

il'(ahi—ibmhhblud;[
Handle the oy,

Ak, int B, ige g It )|

Bdary cases and wlv:iumalkxp.ub Y

FindMedian{A, zmid, ahj, B, blo. bmida iy -
FindMedian(a, llo.xmidvl.'ﬂ.buudol.bhi):

i L HU»J\‘L\-IJSAN:
1¢ sorted) using two indices,

e overall medign ligs,
ndMedian(int Af], ing alo

by Tesetting the boundaries of the by
These indices are used 16 areesy apd ¢y

Handie the boundary cases snd solve it smaller problen
Tetwm;

]

i{amed < bmed)
et FindMedian{A, amid, abi, B, blo, bmids1);
elee  FindMedian(A, alo, amid+1,B, bmide1, bhi)

(d)




50, Wt vaa do this recy;
ted) usir

#include <stdio.h>
:md display ( int )5
void show ( int, int);

intmain( ) 4
{
" inti=10,j=20, k; =

display (i) ;
show (i, ) ;
retum 0 ;

}
:md display ( int c intd)

Pt (~o5q %d\n", ¢, d) .

?M Show ( jng c)
) Dn‘n“( .%d\n*

‘)‘lh.\.

T
clude <std{°- 2
| i display (int);
{oid show ( int;]int )|}

intmain( )

| inti =110, § =120, k|
display ( f) I

(€)

-€ sorted} using two mdje,
coverall medigp (e,

y Pt ¢

f

Tev e i)

y by resetting the Boundaries of che
es. These indices are used 1o itcesy

mid,

iRaht glo + bhi- Blo.< 4y

Handle the boundary cases and solve it smaller problen

Teturm;
}
else ifamed < braed)
FindMedian{A, amid, abi, B, blo, bmidet);
el FindMedian{A, alo. amud+1,B, bimid], bhi);

I3 by res ing the

IET T )|
Handle the Iuund
return;

1

elpe iftamed < bmed)
FindMdun(A, amid, ahi, B, blo, bamid+ 1),

else  FindMedian(A, alo, amid+1,B, bmide1, bhi);

da <stdio.h=

#inchu int};

display { mF )

o St Lin, 1)

int main )

{

Cinti=10,i=20. K
}

;mid display ( int ¢ intd)
\ Printf  =o.q Yoedin™, c.dy)
%o (int o

"edine

ok

(b)

n=
jude <Std10 .
wadisplay (int)
wid show { int, int ) ;
ntmain( )
{
nti =10, j = 20, k ;
display (i} ;
show (i,]) ;
, reum g ;
il display ( ing c.intd)

P (% Shciyye. cdy:

:ﬁﬂ%"'(lntc)

) Pringg { "’/ud\"-_ <

¥:

()

wg
o eg

boendaries of the twy ay
Lces. These indices are ysed to access and comg

sy cases and solve it smaller problem

50, 15 €11 1o this i I

ae

rted) usi

the overall media

FndMedian(int A

intalo, int ahi, int B{], int blo int

Fig (5.22)

~
include <stdio-n>

| z,’-'gdisplay (int); ;
joid show ({int]int )5
intmain( )

U inti =110, i |=|20, |k
display (i);
show (i, j) ;
return 0/

|
‘('Wdisplay ({int e

(©

=

2 'ude<stdl_0~ !
! Joadisplay (int) ;
Loid show (int|int}) /{
intmain( )

inti =110, j =/ 20 k/j|
display ()i
show (i, );
retumn 0

i ahi - alo + bhi - blo < 4) [

Handle the boundary cases and sofve it sraaller problem
return;

1
else iflamed < broed)

FindMadian(A, amid, ahi, B, blo, bmidset);
else  FindMedian(A, alc, amids1 B, bmid+ ], bhi);

(h)

da <stdio.h>

jsplay { int} ;
show (int, int };

int main( )

{

#inolut

nti=10,j =20, k ;
display (i) ;

show (i, ) ;
retlum o ;

P display ( int c, ing )
) printf ( =oz.q Yadin®, €,d);
{93000 (i )
¥ H""('%d\n'. S

¥

(d)

o.h>
ircluda <stdio. N
Sadisolay (Nt}
wid show (int, int ) ;
intmain( )
¢ inti=10,j=20, k;

display (i} ;

show (i, ] ) ;

felum 0 ;

}
‘[Ioid display {int ¢, int d)

, .Dfinﬂ('d %", ¢, g y:
T show ¢ oy ¢)

y i

"y, c);

il

(h)




sinclude <stdio.h>

S inchude ‘Sfdip'h:'_ #include <stdio ‘h>.
wid display (int) i f;',',‘d display {int}; Loid display (int) ;
{oid show (int;lint() /§ coid show { int, int } ;

Joid show (lint; int]) |}

intmain(|) intmain(|)

il main{ }

{ g
inti=110;]=|20, K|}
display (i)/;

{
at {|=110, 7] =) 20, K|j|
show (i, j) ;
turn 03

display (i)
show (i, j)
retumn 0|/

zaiﬁ dsplay (int ¢, int o )

y Printf { “ogqp

{2 display ( int

%e\n, ¢, gy .
iq :
{ sh‘:""(iﬂt(;)
y Drin"(

Moty
N n, o

I

Fig (5.23)

ginclude SSwrv-rs
void display ( int)
void show ( int, int )
int main( )

{

{

ST gincluue Spanret NS .
id dispiay (int woid display (int) i oid display (Int) ;-
woid show ( int i~ Joid show ( int, int ) 5 Loid show { int, int ) ;
nt mainy

int main( ) ntmaing )
inti=10,j=20,Kk; inti=10,j=20 v g inti|=110,1]1=120, k8 ‘

inti=10,j=20, k;

display (i) ; display { i display (/i); display {1}

show (i,j); show (1, show (i;/j) ; show {i,j);

return O ; return O return 0'; return O ;
¥ " "
Zoud display (int ¢, int'd void display ( int cintd \(md display /(i ‘('Old display ( int ¢ intd)
) printf ( g %d\n'," | PAINE ( =ozq %d\n", ¢ ) printf (*ozq ) PHintf ( =0z q %din®, ¢, g )
4 show (ing c) 1 show ( ing c, V(w Show (|iny e

L Show (int g )
3 Pl'in‘f(

y Printe ¢

- Pri -
%d\n®, ¢ s " Sty [

%d\n'_ o

(@) (b) © (d)

finclude Shuamse
void dlsplay‘( mg |11 -
soid show ( int; int M
intmain( )

oh . gincluge sSwumees
Lo display (it )t’ . woid display (/int )t_ .
‘o show (int, int ) { e
ntmam{ )

ginciude =SELE
wid display (int);
void show { int, int } ;

int main(|) int maing }
‘ { {

inti| =190} =120 inti=10,i=20, k; int|i =190} =20, /K inti=10,j=20,k;

display (i)} ¢ display (i) ; display (i) ; display { i} ;

show (i, j)Ii show (i,j); show (i, 1)} show (i,j);

retumn |0 retum 0 ; return |0} feturn O ;
Yoid display{ :md display (int ¢, int ) :°‘d display ( int|g ‘{W display (int ¢, int d )
y Prinf { =og y P (% %, ¢, g ) y) Printf{ =958 y % B, ¢, g ) ;
Vo o ' v ey ) "
124 show (/g U show (g o ) {2 Show (int e U show ( ing o )
§1 it ¢ y Prineg ¢ '

e o : [ b e, o

(€) () (9) (h)

#include =2t B il #include i #incluae | =il
woid display (int) i wic display (it - void display (int) i
void show ( int, int 1 woid 5ho(w; (int.int); void shovz( intlinth) |
int main( ) int mair int main(

{ .
int §|=190,1§ =120 2 inti=10,j=20k; int i|=190;1j /=20y
display (i)|j 4 display (i) ; display (ij)l; =
show (i, ) show (i) : show (14 1)|
return |0} retumn 0 ; return |01}

Void display|( \{r’nid display ( int cintd) \(loid display (

) P (2% 3 P (%A %dn® ¢, gy - ). PNt ( *%q
voi 3 v

(" Show ( ing g/} show (inn ¢ £ Show (g
} Printg o 3 Ping i

i, oy ol - %"Y;liill
(i) 0 (k)
Fig (5.24)




retumu

|}nl addsub (int ¢, intd )
{

raddsub (inte nt

intxy
X260
yaetd,
retum fx, y !

intx,
X

& <stdio h>

spiay {int )
"wint, int )

@) (b)

feluin |Vl _—

a1 11 ! dtsub{ g, nt)
intx,y;
x=c-d;
y=64d;

| m (X y);

| w%ldiom
s ey (int);
8 show i, g -

i

M refumy,

!
itaddsub { intc, intd )
{
intxy;
x=¢-d;
y=c+d;
] rm{x,y ) ;

i)m addsub ((int ¢, int d

9 :"g:dkstdio_m
X display (int )
o )

(i) G)

The preprocessor
expansion. This ¢
average of 5 num|

Program, the resy|
out throak

The preprocesso
exPanSiO“' This |
average of § pum

oumu;

!ntaddsub ({int ¢} int d))

©

[eimEs

3nladdsub (inte, int d

(k)
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The preprocesso:
expansion, This

Printf

average of 5 num|
Program, the resy! Program, the resu|
o -

IR

i}nt addsub{intc, intd )
{

iMxy;

¥=c-d;

yso+d;
} reum (. y);

[ i) ﬁ:@qmio_h,
s e iy {int);
o (i i)

()

ilnl addsub { int ¢, intd

! ‘
imay,
x=c-d;
yze+d;

\ reum {x,y);

K e <ol
ddspay (int);
St i, in )

The preprocesso.
expanSjorl' This |
average of § nym
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out through printi]
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The preprocessos The preprocess. | The' preprocessor
expansion. This | expansion. This T expansion., This
average of 5 num| average of 5 num average of 5 num|
Program, the resy
out thl‘ough prinn

program, the resy]

Outpyyy

The preprocesso; " The preprocessofill The preprocesso;
expansion., This expansion. This Sl expansion. This ¢
average of 5 num B ;"crﬂgﬁ of 5 numiil 1 average of 5 num|
Program, the resy] rogram, the resy|
out|th, rintl Outthrough print]

corrcctl);ideﬁ:j:f
. an Il
l;d:r#el‘l ifw%lmii
the o et
estt
rd tosfj e ™

(Iny Outpyy

(i) 0) ¥
Fig (5.26)

' LELMI sy

‘ LEtua e =

Macro Expansion Macro Expansion Macro Expansion Macro Expansion

| Here'sa simple example illustrating ﬁw Here's a simple example illustrating the use o

Here's a simple example iNustrating the use o

Here's a simple example illustrating the use o

¥include <stdio.h>

#define NUM 100

#define SQUARE( x ) ( x*
i{mmam“ {(x)(x"x)

finclude <stdioh>
Sl MM 10018

SQUARE(x
i(m Bl ARE{X

Hinclude <stdio,h>
#lefine NUM 100
idefing SQUARE( x } ( x* x)
int main { ) '
i
1
inti=4

#include <stdio.h>
#define NUM 100

iﬂ!i=5;

(©) (d)

|n(i=5;

(@)

I 18 e R ——

Macro Expansion Macro Expansion Macro Expansion Macro Expansion

Here's a simple example illusirating the use . | Here's a simple example illustrating the use Here's a simple example illustrating the use o

) Here's a simple example illustrating the use o

#include <stdio.h>
#define NLUM 100

#define SQUARE *
::mmain() f0xen)

Hinclude <stde h>

#define NUM 100

#efine SQUARE(x ) ( x*
intman ( ) et
{

inti=s-

inti=§;

(€) ()
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Macro Expansion

Macro Expansion

\ imple example illustrating the|use o Here's a simple example illustrating the use o
Here's a simple g the

Hinclude <stdio.h>
#iefine NUM 100

#deﬂneSQUARE{x HESY]
int main { )
{

inti=4.

L | e

Macro Expansion

#include <stdio.h>
#define NUM 100

Fig (5.27)

x ¥ %d no = Y%, T, o,

(20 Hinclude <stin
(20) #include <stdio.h> i

int )

int mainy ) i

{ char ch= 122 chf <y
char ch=123, chi =1z . Pnt { ch = %cin® b}
print(‘ch = %cin, ch )

Mm'( chi = %din’ m{)
}

21) #include <stgio p>
“"f main()

PN {"eht = g ch)
fetum 1t

121) Sinche <sigy >
it main( )
H

Unsinnad int  — ar

(20) #incinde <sigio o
(20 #include <stdio

i man )

int main( ) I}

f charch=122,chy = 7,
char ch =122 chi = B4 PR [ 'ch = B o
printf (*ch = = %cn®, ch

D"ﬂ!f{cm =%dWn', chi ) ;
Pﬂ"ﬂ( CM %din', ch1)

relum

] #include <stdio hs

21) Snckide <stip o
intmain )
f

it many )
{

SIS i = =

%d no = %, ""'ﬂ.n,,,u,‘

= {20} #Hincluge <stdig.h>
20) #include <stdio h>

it tginf 3
lnllﬂdu() {
f

charch= 122 chi = 2

printf ("ch = %cln* ch

pnnll(dn mm)
] retum 0

(1) #include <stdio.h>
Hinar)

felim

121} #inciude <sidig. >
At mainy }
{

Unsinnad = = &=

(i)

T
) B

(1) Hinclude <stdio hs

(21) #include <stdio.h>

(20) #includ <sigio >
(20) #inciude <stdio.h>

it
vntmain( { o)
char ch = 122 ch1 'z;
char ch'= 122, chi = prinkf
printf (*ch = %e\n*, ch

in", ch
unmfr ‘et = %mn ehi);

Pﬂnff{ Gl = %" eh) | fetym

}

Q1) finchide <sidip

| int mainf }
{"'“'Bin( 1 {

yncinn,.
IS i = =

(©)

(20) Mcludo <stdioh>

(20) Hinchude <sigio p>
i mging )

mlmdn()

fi charch=122, ghy
charch= 122 ch < 7 P ch= Sy
print ('ch = %cln, ch

Drln!f{ cm
Dﬂml( ‘cht= e, chi)

Ql} #nciude <sidip h

nt maing )
;""m( ) {

Al s MR =R

(@)

(20) l‘mcmda <stdio.h>

mlmain()
char ch =123 chi = 2
Printf ( *ch = %cln, ¢

mnﬂ('cm S%din’, an)
|

2 &mmae«mob

Fig (5.28)
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(20) #include <stdio.h>
int main( )
{

charch=122,ch1="2';
printf (*ch = %c\n", ch ) ;
pnntf( ch1 %d\n®, ch1 ) ;
retum 0

}

(21) #include <stdio.h>
int main( )
{

Hneinnad fat = Am

(@)

(20)  #include <stdio.h>
int main( )
{
Chareh =122, chi = 2
printf ( *ch = %c\n®, ch)
printf (*chi = %d\n""ch ) i
retum 0;

!

(21)  #include <stdio.h>
int main( )
{

Insiamad s o e

(€)

(20)  #include <stdio.h>
int main( )
{

char ch =122, ch1 = 2
printf ( *ch = %c\n"; ch)
printf (*chi = %d\n®ch|) i

retum 0
!
(21) #include <stdio.h>
int main( )
( £ &

(i)
signedno=2;
printf ( "num = %Id n = %d no = %', num,
retum 0;

)
(20) #include <stdio.h>
int main( )

charch =122, ch1='2';
printf ( *ch = %c\n*, ch
printf ( "ch1 = %d\n" ch1),
retum 0 ;

}

) #include <stdio h>

(a)

120} #include <stdio.h»
int main{ }
{

char ch = 122, cht =

printf { “eht = %din®, ch1
fetum 0 :

(21) #include <stdig h>
int main( }
{

(20) #nclude <stdip h>
int main{
H

charch =122, chf =

printf {“ch = %an*, ¢h ) ;
Prinf { ot = Sidn®, ch1 };
reum 0;

21) #include <stdioh>
intmain )
{

(20} Hinciude <sidio.h>
int main{

refum;

(21} #include <sidip.h>
int main( )
{

St ng =
printf { un = ffwldn %! 10 = %'y
retum -

(20) finclude <stdio h>

mt main{ }

{
charch=122,chi ='2';
prindf { "ch = %c\n”, ch ) ;
printf {“ch1 = %din", oh1 ) .
retum (-

Q1) #nonge <stdig i1

(b)

-

(20)  #include <stdio.h>
int main( )
{

char ch =|122,chi = 7
printf ( *ch = %c\n", ch)
pnmr( ch1 fed\n’eh1)) s
retum 0

}

(21)  #include <stdio.h>
int main( )
f

iAsianad|ioe s an

(20)  #include <stdio.h>
int main( )
{

char ch =122, ¢ch1/= 'z
printf ( *ch = %c\n", ch)
prntf (ehi = %d\n® ch
retum0;

!

(21)  #include <stdio.h>
int main( )
f

Wi s ol [ TS

9

(20)  #include <stdio.h>
int main( )
{
charch =122, chi|= 7
printf ( *ch = %c\n*, ch
printf ( “ch1 = %d\n", ch1)
retum 0]

!

(21) #include <stdio.h>
int main( |

[ A

(k)
Fig (5.29)

signea/no =2
printf ( *num = %ld n =\%d no = %edin', g
retum 0

}

(20) #include <stdio.h>
int main(')

charch= 122, ¢h='2,;
printf ( "ch = %c\n®, ch).
printf ( ch1 S\’ "ot
}

#include <stdin h>

(©)

}

20) #inciude <strip.h>
inf mainf )
{

charch = 122,¢hf =7 ;
printf { “ch = %zn’, ch) ;
printf( “ch1 = %din®, ch1 ) ;
relum 0;

}

21) #nclude <stdio.h>
int mainf )
{

(20} #inciude <striph»
inf maln{ )
{

char ch = 122, ch

printf { “ch = %cin®, ¢hy
printf { “cid = %d\n‘ chl);
relum ;

}

(21) #include <sidio h>
int main )
{

i = =%kn=%dno= o', oy, |

}

(20) #inchde <sidio.h>
int main( )

charch=122,cht =7,
pntf { "ch = %cin", ch)
printf { “ch1 ="foc|\n' chl);
retumq;

21} #inelude <sfin by

(d)




SN0 EZ, pnnlf( nurn'%lﬁ'n %d 1= Y g
o adely o print(‘num = %Id n = %d 10 = %l umo:
;'r?r?:‘(];?;r;z:‘%ldF%dm:%dW fum, prlnﬁ(onurn=%ldn-%dno=mn .y retum 0 | o e
L | reum 0 ;
retum 0 ] 1

)

(20) #include <stdio.h>
int main( )

char ch'= 122, chi/= 2|

printf ( "ch = %c\n®, ch)

printf ("chi/= %d\n’, ¢h

retum 0§
i

). #include <sidialh>

i

(€)

signea o= 2|

printf ( "num = %Id n = %d no = %dint

retum 0}

)

(20) #include <stdio.h>
int main( )

charch =122, chi =’z
printf ( "ch = %c\n®
printf ( "ch1 = %d\n' o}
retum 0 |

i

)| #include <stdin h>

(i)

any J

charch =122, ch1=12':
printf ( "ch = %cn", ch ) :
Dﬂntf( ch1 %d\n' ch1 s

(21) #include <stdio.h>
int main n()
{

:“n"ss'gﬂed intg= 5
igned b= g5
‘bﬂg Unsionad .

> charch 122/ ch='2!)

printf ( "ch = %cln® ch)

Dnmf( ‘chil= %d\n' eh))s
im0}

S

}

(20) finchude <stdio.h>
nt main( )

charch=122,cht ='2';
prntf  *ch = %cin, ch) ;
photf { *eh = %d\n ,chl);
retum 0

21 #include copd o il

()

signe
printf { “num = %dns %t no = %

retum 0;

}

(20)  #inchude <stdip.h>
mt main( )

charch =122, ch1=12';

pntf  *ch = %cin*, ch) ;

printf { “chi = %d\n chl);
retum 0 ;

L) #include <sttio h»

0)

[ 4
charch=122 ¢ht =15
printf ( "ch = %cin ch)

pnntf( ch1 %d\n cht}:
retum

21y #incluge <stdio.h>
int maip )

uns'Q“edln!a:zs. .

charch= 122 cht =5
prntf{ ch = %eip* ch)

prinif ("ch1 = %dl_n' Ch‘l')'

)

(20) #include <stdio.h>
int main( )

char ch=122, ¢h1 =

printf ( "ch = %c\n®, ch)
printf ( *ch1 = %d\n", chi
retum 0

!

L include estealhs

()]

signea no =2

printf ( "num = %Id|n =%dm=%qwlmm

retum 0§

)

(20) #include <stdio.h>
int main( )

char ch =|122 ¢ =2 |
printf ( "ch = %c\n, ch

retum 0}

1), #include <stdio h>

(k)

Fig (5.30)

sy

char ch =/122, chi = 2
printf ("ch = %cin". ch)ji

retum

(21) #include Sstdio.h>
mr main())

“"s'gnad infa
"ﬂslgned b

(©)

\ charch 122, chil=l'2!
printf ( "ch = %cln", ch)

printf ( "chi = %d\n et

Pnntf{ cM %d\n' eirfl)

printf ( "ch1 = %d\n' ehi));

}

(20) #include <stdiph>
int main( )

charch=122,ch1 =2,

prnd { "ch = %cin’, ch ) ;
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@ #include <stgi int mai
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printf ( "ch = %c\n”, ch il
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fetum 0y
fetum 0y

@1)| #include Sstdio.h>
(21 #include <stdin.h>
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intmain( )
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In above figures the following parameters are used-

(@) - Original Image, (b) - Binary Image using Proposed Algorithm, (c) - Text Segment
Image using Proposed Algorithm, (d) - Binary Image using Yanowitz’s Method, (e) - Text
Segment Image using Yanowitz’s Method, (f) - Binary Image using Post Yanowitz’s
Method, (g) - Text Segment Image using Post Yanowitz’s Method, (h) - Binary Image using
Niblack’s Method, (i) - Text Segment Image using Niblack’s Method, (j) - Binary Image
using Sauvola’s Method, (k) - Text Segment Image using Sauvola’s Method.

There are 36 mobile images that describe above with experimental results are divided into

different classes based on irrelevant information-

Class1: Document images with finger are reviewed in figure 5.3, 5.13, 5.20, 5.21, 5.27, 5.28,
5.29,5.30, 5.31, 5.32.

Class2: Document images with pen/pencil are reviewed in figure 5.2, 5.7, 5.8, 5.12, 5.22,
5.23,5.24,5.25.

Class3: Document images with the mobile / watch are reviewed in figure 5.1, 5.4, 5.5, 5.6,
5.10,5.11, 5.16, 5.19.

Class4: Extra document images are shown in figure 5.9, 5.14, 5.15, 5.17, 5.18, 5.26, 5.33,
5.34, 5.35, 5.36.

The main aim of propose method is to remove irrelevant information and binarized only text
area of an image. In case of Mobile images, out of 36 results 27 results (i.e. Fig 5.1, 5.3, 5.4,
5.6, 5.8, 5.9, 5.10, 5.12, 5.13, 5.15, 5.16, 5.17, 5.18, 5.19, 5.20, 5.21, 5.23, 5.24, 5.25, 5.26,
5.27, 5.28, 5.29, 5.30, 5.32, 5.33, 5.36) is very good using proposed algorithm. The rest of
them are also good using our method as compared to other well known methods. The rank

number is given to every method based on visualization that are shown in below table-




Table 5.1 Rank of Methods

Image | Proposed Method | Method (1) | Method (2) | Method (3) | Method (4)
5.1-5.4 1% 4" 31 2nd 50
5.5 2nd 4th 3I’d 1St 5th
5.6-5.7 1% 4" 3" 2nd 50
5 . 8 1St 3I’d 2nd 4th 5th
5.9‘5.11 1St 4th 3I’d 2nd 5th
5.12-5.13 1% 3 2nd 4" 50
5.14-5.15 Same Same Same Same Same
5 . 16 1St 4th 3I’d 2nd 5th
5.17 Same Same Same Same Same
5 ] 18 1St 3I’d 2nd 4th 5th
5.19-5.25 1% 4" 3 2nd 50
526 lS'[ 4th 2nd 5th 3I’d
5.27-5.32 1% 4" 3" 2nd 50
5-33 1St 4th 3I’d 5th 2nd
5.34-5.35 Same Same Same Same Same
536 1St 4th 3rd 2nd 5th

Method 1 - Yanowitz, Method 2 - Post Yanowitz, Mehod 3 - Niblack, Method 4 — Sauvola.

First best method is Proposed Method, Second best method is Niblack’s Method, Third best
method is Post Yanowitz’s Method, fourth best method is Yanowitz’s Method and fifth best

method is Sauvola’s Method.




5.2.2 DIBCO Dataset Results

5.2.2.1 DIBCO-2009 Dataset Results
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5.2.2.2 DIBCO-2010 Dataset Results
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5.2.2.4 DIBCO-2012 Dataset Results
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In above figures the following parameters are used-
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V)

(a) - Original Image, (b) - Binary Image using Proposed Algorithm, (c) - Text Segment

Image using Proposed Algorithm,

(d) - Binary Image using Yanowitz’s Method, (¢) - Text Segment Image using

Yanowitz’s Method,

(F) - Binary Image using Post Yanowitz’s Method, (g) - Text Segment Image using Post

Yanowitz’s Method,

(h) - Binary Image using Niblack’s Method,

Method,

(j) - Binary Image using Sauvola’s Method,

Method.

(I) — Ground Truth (GT) image.

(1) - Text Segment Image using Niblack’s

(k) - Text Segment Image using Sauvola’s
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There are 66 images that describe above with experimental results are taken from five well-
known competition dataset DIBCO datasets.

According to visualization out of 66 printed and handwritten results 53 results produced by

our method are very good.

5.3 Performance Analysis

According to the evaluation results are shown in below Table I, II, 11I, IV and V propose

algorithm achieves the highest scores in F-Measure and in Precision.

Table I: Evaluation Results of DIBCO-2009

N P1 Rl | FM1 P2 R2 | FM2 P3 R3 | FM3 P4 R4 | FM4 PS5 R5 | FM5
1 |84.46|90.02 | 87.15 | 86.95 | 88.85 | 87.89 | 84.38 | 91.73 | 87.90 | 74.76 | 95.02 | 83.68 | 86.67 | 85.02
2 | 4294 |99.45 | 59.98 | 26.26 | 99.56 | 41.56 | 17.49 | 99.04 | 29.73 | 25.39 | 99.89 28.89 | 99.30 | 44.76
3 17990 |91.08 | 85.13 | 72.29 | 95.55 | 82.31 | 68.87 | 93.33 | 79.26 | 51.93 | 99.81 | 68.32 | 72.42 | 95.48 | 82.37
4 |66.89 | 83.16 | 74.14 | 48.02 | 98.28 | 64.51 | 50.07 | 96.70 | 65.98 | 27.09 | 99.63 | 42.60 | 48.36 | 98.23 | 64.81
5 5492|6114 53.07 | 95.90 | 68.33 | 60.86 | 93.90 | 73.86 | 18.82 | 94.94 | 31.41 | 53.32 | 95.09 | 68.33
6 | 8252|9334 | 87.60 | 76.37 | 95.24 | 84.77 | 71.28 | 90.27 | 79.66 | 58.58 | 99.69 | 73.80 | 77.68 | 95.02 | 85.48
7 9342|9292 | 93.17 | 90.27 | 95.14 | 92.64 | 86.12 | 91.99 | 88.96 | 83.97 | 99.62 | 91.13 | 90.93 | 95.09 | 92.96
8 |96.61|94.51 | 95.55 | 95.62 | 93.46 | 94.53 | 86.13 | 89.86 | 87.96 | 92.20 | 98.94 | 95.45 | 97.20 | 93.43 | 95.28
9 | 79.68 | 94.66 | 86.52 | 69.67 | 98.19 | 81.50 | 73.41 | 95.24 | 82.91 | 59.44 | 99.83 | 74.52 | 70.10 | 98.15 | 81.79
10 | 78.10 | 93.56 | 85.13 | 75.26 | 94.03 | 83.60 | 70.94 | 88.97 | 78.94 | 61.38 | 99.60 | 75.96 | 76.64 | 93.83 | 84.37
Avg. | 75.94 | 89.38 | 81.22 | 69.37 | 95.42 | 78.16 | 66.955 | 93.10 | 75.51 | 55.35 | 98.69 | 67.73 | 70.22 | 94.86 | 78.59
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Table II:

Evaluation Results of DIBCO-2010.

N P1 R1 | FM1 | P2 R2 | FM2 | P3 R3 | FM3 | P4 R4 | FM4 | P5 R5 | FM5
1 |96.01|76.82 | 8535 |98.26 | 70.15 | 81.86 | 94.13 | 83.30 | 88.39 | 90.38 | 87.03 | 88.67 | 98.41 | 68.14 | 80.52
2 |88.33|9054 |89.42 | 89.10 | 88.11 | 88.60 | 78.99 | 93.42 | 85.60 | 77.56 | 89.09 | 82.90 | 89.69 | 85.60 | 87.60
3 | 92.63 | 84.63 | 88.45 | 91.39 | 82.81 | 86.89 | 70.94 | 87.68 | 78.43 | 81.57 | 90.94 | 86.00 | 95.04 | 80.34 | 87.07
4 | 8201|9437 |87.76 | 84.98 | 92.00 | 88.35 | 82.53 | 94.63 | 88.17 | 82.52 | 87.46 | 84.92 | 84.91 | 91.20 | 87.94
5 | 54.82|98.75 | 70.50 | 41.67 | 99.17 | 58.68 | 36.97 | 98.92 | 53.83 | 30.53 | 99.96 | 46.77 | 42.48 | 99.04 | 59.45
6 | 87.23|84.45 | 85.82 | 87.73 | 80.85 | 84.15 | 80.78 | 87.10 | 83.82 | 76.41 | 90.12 | 82.70 | 87.42 | 75.93 | 81.27
7 | 8162|9307 |86.97 | 78.12 | 94.51 | 85.54 | 61.69 | 96.74 | 75.34 | 71.11 | 97.89 | 82.38 | 78.47 | 93.66 | 85.40
8 |85.94 5587 83.35 | 74.83 | 78.86 | 76.96 | 86.17 | 81.30 | 73.95 | 84.36 | 78.82 | 82.73 | 68.00 | 74.65
9 |83.39 8895 |86.08 |87.13|84.79 | 85.94 | 82.73 | 92.71 | 87.44 | 79.32 | 85.21 | 82.16 | 85.36 | 71.65 | 77.91
10 | 80.76 | 80.29 | 80.52 | 85.40 | 76.07 | 80.47 | 83.94 | 79.11 | 81.45 | 64.94 | 81.79 | 72.40 | 78.66 | 85.03 | 73.17
Avg. | 83.27 | 84.77 | 82.85 | 82.71 | 84.32 | 81.93 | 74.96 | 89.97 | 80.37 | 72.82 | 89.38 | 78.77 | 82.31 | 81.85 | 79.49
Table I11: Evaluation Results of DIBCO-2011.
N P1 R1 | FM1 | P2 R2 | FM2 | P3 R3 | FM3 | P4 R4 | FM4 | P5 R5 | FM5
1 |80.04|8540 | 8263 |71.24 | 95.85 | 81.73 | 64.01 | 96.07 | 76.83 | 59.52 | 98.04 | 74.32 | 76.88 | 95.85 | 85.32
2 | 87.99 | 89.45 84.29 | 94.90 | 89.28 | 74.35 | 96.38 | 83.94 | 71.34 | 96.83 | 82.15 | 84.32 | 91.96 | 87.97
3 |8225|8212|8218 | 86.81 | 79.02 | 82.73 | 80.26 | 86.19 | 83.12 | 58.10 | 91.80 | 71.17 | 86.63 | 74.50 | 80.11
4 | 7439 | 86.83 | 80.13 | 62.09 | 89.89 | 73.45 | 62.08 | 89.35 | 73.26 | 41.03 | 92.93 | 56.93 | 63.54 | 88.21 | 73.87
5 | 83.46 | 93.04 | 87.99 | 80.44 | 94.87 | 87.06 | 72.61 | 93.62 | 81.79 | 64.05 | 99.30 | 77.87 | 81.18 | 94.68 | 87.41
6 | 79.17 | 75.46 | 77.27 | 66.30 | 86.45 | 75.05 | 62.09 | 88.87 | 73.10 | 48.18 | 82.52 | 60.84 | 66.43 | 83.52 | 74.01
7 | 6221|9393 | 74.85 | 37.56 | 96.16 | 54.02 | 29.47 | 96.06 | 45.10 | 31.83 | 97.77 | 48.03 | 38.96 | 94.34 | 55.14
8 |85.66 | 91.42 87.43 | 91.80 | 89.56 | 88.32 | 88.14 | 88.23 | 79.20 | 96.42 | 86.92 | 87.72 | 89.14 | 88.42
9 | 9458|8837 |91.37 | 78.98 | 89.49 | 83.91 | 67.50 | 86.14 | 75.69 | 78.14 | 99.42 | 87.50 | 81.44 | 89.41 | 85.24
10 | 68.64 | 94.41 | 79.49 | 65.56 | 95.03 | 77.59 | 60.80 | 89.80 | 72.51 | 49.30 | 99.50 | 65.93 | 66.65 | 94.89 | 78.30
11 | 94.42 | 90.03 | 92.17 | 89.74 | 91.08 | 90.41 | 79.95 | 87.91 | 83.74 | 81.18 | 98.35 | 88.95 | 91.16 | 91.04 | 91.10
12 | 90.59 | 95.63 | 93.04 | 75.74 | 96.90 | 85.03 | 68.26 | 95.15 | 79.49 | 60.97 | 99.90 | 75.73 | 78.66 | 96.61 | 86.72
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13 | 75.54 | 92.00 | 82.96 | 67.40 | 93.51 | 78.34 | 70.60 | 93.68 | 80.52 | 56.46 | 99.54 | 72.05 | 67.75 | 93.29 | 78.50
14 | 77.06 | 96.18 | 85.56 | 32.14 | 98.63 | 48.48 | 32.49 | 95.49 | 48.48 | 25.23 | 99.79 | 40.27 | 36.80 | 98.38 | 53.57
15 |89.21 | 88.35 | 88.78 | 68.61 | 95.55 | 79.87 | 44.41 | 91.37 | 59.76 | 49.90 | 98.77 | 66.30 | 82.22 | 95.55 | 88.39
16 | 91.57 | 81.14 | 86.04 | 93.15 | 79.04 | 85.52 | 88.70 | 82.00 | 85.22 | 84.57 | 86.29 | 85.42 | 93.08 | 77.07 | 84.32
Avg. | 82.30 | 88.98 | 85.10 | 71.71 | 91.76 | 78.87 | 65.36 | 91.01 | 74.42 | 58.68 | 96.07 | 71.27 | 73.96 | 90.52 | 79.89
Table 1V: Evaluation Results of DIBCO-2012.
N P1 Rl | FM1 | P2 R2 | FM2 | P3 R3 | FM3 | P4 R4 | FM4 | P5 R5 | FM5
1 |71.43|93.47 |81.08 |71.37 | 93.74 | 81.04 | 60.18 | 93.71 | 73.29 | 51.44 | 98.94 | 67.69 | 70.22 | 86.96 | 77.70
2 | 79.47 | 92.05 82.35 | 90.43 | 86.20 | 77.83 | 93.95 | 85.13 | 71.17 | 88.16 | 78.76 | 82.57 | 88.68 | 85.51
3 | 81.12 | 94.40 81.87 | 92.01 | 86.64 | 80.95 | 96.86 | 88.19 | 59.54 | 98.64 | 74.26 | 81.80 | 91.22 | 86.25
4 |86.03|91.77 | 88.81 | 81.18 | 93.95 | 87.10 | 79.89 | 92.91 | 85.91 | 74.70 | 97.93 | 84.75 | 81.16 | 93.29 | 86.80
5 |63.06|96.73 | 76.35 | 51.67 | 98.96 | 67.89 | 43.70 | 99.41 | 60.72 | 40.00 | 99.81 | 57.11 | 53.63 | 98.81 | 69.53
6 | 4871 |98.42 | 65.17 | 43.86 | 99.06 | 60.80 | 40.51 | 99.40 | 57.56 | 35.18 | 99.57 | 51.99 | 44.24 | 98.71 | 61.10
7 | 81.28 | 87.77 | 84.40 | 82.04 | 86.47 | 84.20 | 79.70 | 87.00 | 83.19 | 73.63 | 94.56 | 82.79 | 81.76 | 84.64 | 83.17
8 |68.61|98.81|80.99 | 59.78 | 99.89 | 74.80 | 65.47 | 99.68 | 79.03 | 40.89 | 100.0 | 58.05 | 59.91 | 99.89 | 74.90
9 |95098 |90.36 96.78 | 88.52 | 92.47 | 95.16 | 89.55 | 92.27 | 91.68 | 95.47 | 93.69 | 96.79 | 86.98 | 91.63
10 | 89.42 | 93.94 | 91.63 | 95.33 | 87.49 | 91.24 | 92.17 | 90.28 | 91.22 | 89.40 | 94.47 | 91.86 | 95.77 | 83.14 | 89.01
11 | 90.95 | 87.91 95.78 | 82.91 | 88.88 | 91.87 | 88.12 | 89.95 | 84.91 | 89.52 | 87.15 | 96.60 | 78.61 | 86.68
12 | 84.98 | 83.08 | 84.02 | 87.17 | 82.28 | 84.66 | 81.04 | 93.10 | 86.65 | 78.74 | 83.53 | 81.07 | 86.66 | 78.22 | 82.22
13 | 86.77 | 68.88 | 76.80 | 90.91 | 71.00 | 79.73 | 86.43 | 86.93 | 86.68 | 75.43 | 69.14 | 72.15 | 88.05 | 46.16 | 60.57
14 | 73.97 | 95.45 | 83.35 | 64.35 | 98.66 | 77.89 | 52.53 | 99.21 | 68.69 | 49.33 | 99.04 | 65.85 | 68.20 | 93.68 | 78.93
Avg. | 78.70 | 90.93 | 83.40 | 77.46 | 90.38 | 81.68 | 73.38 | 93.57 | 80.60 | 65.43 | 93.48 | 74.79 | 77.66 | 86.35 | 79.57

118




Table V: Evaluation Results of DIBCO-2013.

N P1 R1 | FM1 P2 R2 | FM2 P3 R3 | FM3 P4 R4 | FM4 P5 R5 | FM5
1 |66.47 | 67.76 58.10 | 83.49 | 68.52 | 50.41 | 91.45 | 64.99 | 44.81 | 94.23 | 60.73 | 58.87 | 71.05 | 64.39
2 |90.25|89.14 | 89.70 | 81.63 | 94.11 | 87.42 | 76.34 | 95.01 | 84.66 | 68.07 | 98.93 | 80.65 | 83.68 | 92.31 | 87.78
3 | 7847 | 77.04 81.32 | 76.64 | 78.91 | 72.33 | 84.03 | 77.75 | 69.85 | 80.75 | 74.90 | 81.27 | 68.31 | 74.23
4 | 73.87 | 99.78 | 84.89 | 54.77 | 99.85 | 70.74 | 46.04 | 99.97 | 63.05 | 59.97 | 100 | 74.97 | 57.11 | 99.62 | 72.60
5 19.93 | 99.82 | 33.23 | 18.45 | 99.90 | 31.15 | 13.97 | 100 | 24.52 | 19.50 | 100 | 32.63 | 19.06 | 99.13 | 31.97
6 | 5852|9835 | 73.38 | 58.47 | 98.36 | 73.34 | 50.32 | 99.41 | 66.82 | 47.06 | 99.76 | 63.95 | 59.10 | 95.26 | 72.95
7 | 83.05]| 23.72 82.40 | 44.04 | 57.40 | 80.06 | 71.82 | 75.71 | 71.15 | 56.99 | 63.29 | 78.21 | 30.07 | 43.44
8 |49.89|99.01 | 66.35 | 44.49 | 99.61 | 61.50 | 40.35 | 99.62 | 57.44 | 31.44 | 99.88 | 47.83 | 45.28 | 99.21 | 62.18
9 |80.78 | 91.80 | 85.94 | 73.70 | 98.52 | 84.32 | 60.31 | 98.70 | 74.87 | 65.31 | 98.97 | 78.69 | 77.34 | 96.18 | 85.74
10 | 83.15|98.92 | 90.35 | 75.20 | 99.63 | 85.71 | 62.88 | 99.05 | 76.93 | 63.37 | 99.99 | 77.57 | 78.04 | 99.51 | 87.47
11 | 92.36 | 94.89 | 93.61 | 92.62 | 91.36 | 91.99 | 84.58 | 94.76 | 89.38 | 86.54 | 95.26 | 90.69 | 92.89 | 90.31 | 91.58
12 | 86.16 | 88.46 83.69 | 96.52 | 89.65 | 81.75 | 96.43 | 88.48 | 44.46 | 99.50 | 61.46 | 84.09 | 96.21 | 89.74
13 | 8954 |92.76 | 91.12 | 82.22 | 97.63 | 89.27 | 87.04 | 93.83 | 90.31 | 68.56 | 99.90 | 81.31 | 82.37 | 97.58 | 89.34
14 |1 61.84 | 95.01 | 74.92 | 60.84 | 96.18 | 74.53 | 58.27 | 96.87 | 72.77 | 46.09 | 99.94 | 63.09 | 63.22 | 94.76 | 75.85
15 | 93.74 | 92.46 | 93.10 | 93.19 | 91.58 | 92.38 | 91.33 | 88.46 | 89.87 | 86.13 | 97.44 | 91.44 | 93.42 | 91.49 | 92.45
16 | 56.26 | 96.47 | 71.08 | 49.65 | 98.59 | 66.04 | 47.93 | 96.58 | 64.06 | 40.70 | 99.52 | 57.77 | 50.57 | 98.28 | 66.77
Avg. | 72.76 | 87.83 | 76.05 | 68.17 | 91.62 | 75.17 | 62.74 | 94.12 | 72.60 | 57.06 | 95.06 | 68.81 | 66.03 | 88.70 | 74.28

In the above Tables the following notification are used to represents-

P1- Precision of our method, R1- Recall of our method, FM1- F-Measure of our method.
P2- Precision of Yanowitz’s method, R2- Recall of Yanowitz’s method, FM2- F-Measure of

Yanowitz’s method

P3- Precision of Niblack’s method, R3- Recall of Niblack’s method, FM3- F-Measure of
Niblack’s method

P4- Precision of Sauvola’s method, R4- Recall of Sauvola’s method, FM4- F-Measure of

Sauvola’s method.
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P5- Precision of Post Yanowitz’s method, R5- Recall of Post Yanowitz’s method, FM5- F-

Measure of Post Yanowitz’s method

Red color- 1% Highest value, Green color- 2" Highest value, Blue color- 3" Highest value,

Yellow color- 4™ Highest value, Purple color- 5™ Highest value.

The proposed algorithm has been tested on DIBCO dataset and compares the performance of
new method with well defined Yanowitz’s method, Niblack’s method, Sauvola’s method and
Post-Yanowitz’s method. The Ground Truth (GT) images are used to calculate corresponding
Precision, Recall and F-Measure of every image. The average F-Measure value for dataset
images are considered as evaluation. The proposed technique achieves best FM and Precision

as compare to well-defined techniques.

The Average FM achieves from proposed algorithm in five recent DIBCO 2009, 2010, 2011,
2012 and 2013 datasets [1] [2] [3] [4] are 81.22%, 82.96%, 85.10%, 83.40%, 76.04%
respectively and Average Precision are 75.94%, 83.279%, 82.298%, 79.70%, 72.77%
respectively. The average recall achieves by our method is more than 80% in all datasets. It is
very difficult to achieve a good precision and recall simultaneously. As you can see the tables

define above, the proposed algorithm produce a good precision and recall simultaneously.

In DIBCO 2009, 2011 and 2013 dataset, the best Average Recall are 98.69%, 96.07% and
95.06% respectively, achieved by Sauvola’s method. In DIBCO 2010, 2012 dataset, the
Niblack’s method provides best average Recall (i.e. 89.97%, 93.57% respectively). Out of 66
document images our method provides 46 best results (i.e. 69.70%), Yanowitz’s method
achieve 14 best results (i.e. 21.21%), 12 best results are provided by Niblack’s method (i.e.
18.18%) and Sauvola’s method provides 3 best results (i.e. 4.54%).
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CHAPTER-6
CONCLUSION AND FUTURE WORK

6.1 Conclusion

This project report presents a new Text Segmentation and Binarization Approach using the
Difference Theoretic Texture Feature. It is very difficult to differentiate between foreground
and background of an image using a threshold algorithm when the intensity value of
background is something similar to foreground. In some cases background may be quite
complex. The propose method achieves the best result in removal of foreign bodies and
binaries only the text area of an image. The method first enhances the document image,

extract text using the Difference Theoretic Texture Feature and then binarize the text area.

The proposed algorithm has evaluated based on two challenging datasets that includes more
than 100 document images: one is most popular Document Image Binarization Contest
(DIBCO) dataset (66 images) and the second is created by me using Samsung Galaxy S4
Mobile Phone (36 images). The second dataset created using mobile phone represents a
collection of varied document images that contain text and noise (noise is like fingers, pen,
pencil, mobile, shadow, watch and so on). The results of both datasets were reviewed in
previous section. The Average FM value is used to evaluate the proposed algorithm. The
maximum performance, efficiency has obtained using the proposed technique with an
average FM which is above than 75% in all DIBCO datasets and with an average precision
which is above than 70%. The presented algorithm was compare to more well defined
binarization techniques. The major advantage of my method is to differentiate the text and

other foreign bodies from the document images.

However, as you can see experimental results of all techniques the best result produces by
our technique in term of F-Measure and it retains only the text area from good as well as

complicated document images.
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6.2 Future Work

In future, the work will be for improving the time and space complexity of the algorithm by
using another concept of image processing and make a better classification technique. The
proposed technique provides a good recall, but not best, and in future also trying to improve
recall value. To create this algorithm the template size is initially defined for every image.
An automatic template size will also try to make according to input image which able to
improve performance. This technique of text binarization can also be extended to recognition
of characters from text area.
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