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Summary

This thesis addresses the problem of show-through in old manuscripts and
documents. After removing the show-through these documents can be
stored in the digital libraries and will be accessible by everybody via
Internet. The solution to this problem utilizes the image restoration
technique. To apply this, the documents are scanned from each side and
stored in a digital form. The two sides of document are called recto and
verso images. To approach an apposite solution a basic model of the
degradation is defined for these two images and then this model is used to
eliminate the show-through. The technique for the enhancement is
divided into two parts — first, achieving the most precise registration
technique and secondly, to compute a method of restoration using the
model of degradation. Four different techniques for registration are
compared to select the most suitable method for this problem. This
comparison brings forth the affine transformation approach to register the
image. An approach for the restoration of the registered images is defined

to eliminate the show-through from the document and save it in a digital

library.
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Chapter 1 Introduction

A collection of rare books and manuscripts, including early copies of works by Aristotle,
Dante, Euclid, Homer, and Virgil, are available in the Vatican Library in Rome. And a
beautiful work on medicine, religion and science written by the scholars, called Vedas, is
preserved in India. The histories of civilizations are stored in libraries and museum:s.
Around the world, there is a treasure of excellent literature, which cannot be accessed by
most of the people in the world because of time and travel cost. By improving access to
scientific, educational and historical documents and information, digital libraries can
create powerful opportunities for revamping education, improving knowledge and

providing historical background.

In the past few years the technology advances in two areas, computers and
communication networks have helped in creating the Internet today. This advancement
has provided the opportunity to make this literature available to the people from all
around the world. By developing image databases of these manuscripts and documents,
and making them available on the Internet it will be easier for the people to access them.
Another significant advantage of image databases is we can save the documents from
further degradation by preserving them and at the same time make them accessible in

perpetuity in the digital library.

So far we are able to access images of historical artwork such as old paintings, sculptures,
prints etc. through the digital libraries. Creating a large volume of text data would be
very challenging, as it would require a lot of manpower if typed in manually. Hence we
need to find an efficient approach to store the documents in digital library and make them
available. One approach is to convert the document into a digital image and save the

image form in the digital library, that can save a lot of time and work. One major



challenge of developing a digital library is the show-through. Some of the documents are
written on both sides and the ink impression from one side appears on the other side, ; o
the show-through, which makes it very difficult to recognize the characters (please refer
to Figure 1.1)- To preserve their content and make them accessible, it is necessary to
restore the images of the documents and then store them in a database. The goal of this
project is to derive a clear and legible image from degraded documents. By removing the
show-through the compression time for the images can be reduced and thus leading to
faster download over networks. An actual image of a degraded document is shown in
Figure 1.1. After removing the show-through from this image, a clear background is
obtained. And also the blur edges of the text, sketch or any other image can be improved

by applying a contrast enhancement technique.
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Figure 1. 1: Sample of an old degraded document with high show-through

Current literature does not provide any example of techniques available for this type of
restoration. We have been using some advanced software packages such as Adobe®
Photo Deluxe™ Business Edition, Corel Photo-Paint etc. to enhance the image. These
software packages remove some noise or pale show-through but do not eliminate very

high show-through due to overlapping of the histogram of the desired signal and the
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show-through. This approach works with only one side of the document at a time and
only for a pale show-through.

The histogram of a degraded document shown in the Figure 1.2 elaborates the problem of
high show-through. As shown in the histogram, the pixel intensity of some of the desired
signal overlap with the value of show-through and that makes it difficult to separate the
two. Due to this, applying a threshold to the histogram of the image does not give very
efficient results either. If a threshold is chosen close to the show-through intensity, it will
leave some of the show-through in the image and if the threshold is close to the signal
value, it will remove some of the desired text signal. Another possibility is that, if the
written recto is lighter than the show-through it is difficult to select a threshold to remove
a show-through darker than the written recro. Therefore no general approach for

removing the show-through exists yet.
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Figure 1. 2: The histogram of the degraded image with high show-through.
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histogram of the ideal image
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Figure 1. 3: The histogram of the image with out show-through

The objective of this thesis is to find an approach to restore both sides of the document
images by removing the show-through. Once we have a clear restored image of the
document, we can make those documents available on-line and keep the document

untouched by preserving them.

The novel technique proposed in this thesis allows both sides of the document to be
restored at the same time. It is preferable to use a digital scanner to get the image of the
document, but if the document is in too delicate condition to put on the scanner, then a
digital camera can be used to get the image. Once the digital images of both sides of the
document are obtained using any device either camera or scanner, the same restoration
technique can be applied for both images, with some minor modifications. Getting both

sides restored at the same time is an additional advantage of the technique introduced



here. In this thesis the image of the front of the document is called as recto and the back
is called as verso. Some theoretical approaches are used to define the model of the
scanned images and then these techniques are tested to find the best results for the

restoration of image.

After getting the recto and verso image of the document, the verso image is flipped
horizontally. The flipped verso image is similar to the recto but is different in intensity.
Then the recto image and flipped verso images are registered very precisely using
different approaches, e.g. pixel transformation method, affine transformation and a built-
in MATLAB function. Once we get the perfectly registered image the restoration
technique is applied to remove the show-through.

This thesis is organized in five chapters including this one. Chapter 2 presents the
theoretical background of the digital images, image enhancement and some enhancement
techniques, histogram, threshold, and a brief survey on different registration approaches.

The theory about image restoration techniques is also included in chapter 2.

Chapter 3 presents the theoretical discussion about the different approaches for the
restoration of degraded documents and the basis of the technique proposed. The model
for the image restoration is set up and the various methods of registration are described
which are related to the problem discussed here. The chapter is concluded with the

discussion of restoration approach used for the technique proposed in this thesis.

The chapter 4 consists of the results obtained from the registration and restoration

techniques discussed in the chapter 3. The result of each registration and the restoration
techniques are discussed in detail. The subjective and objective approaches of selecting
the most efficient technique are applied to achieve the best solution for restoration of the

degraded documents.

In chapter 5 the conclusion of the results in this thesis is discussed. The chapter is
concluded with the elaboration of the future aspects of working in this area.



Chapter 2 Theoretical Background

This thesis addresses quality improvement of documents degraded by show-through. The
concept of quality improvement falls under the category of image enhancement and
image restoration. The technique proposed in this thesis simultaneously uses the recto
and verso images of a document for removing the show-through. These images are
registered before enhancement, following which the restoration carried out. The text
documents considered in this thesis are either hand written documents, pictorial

information, or sketches.

This chapter provides the theoretical background about the images, digital devices used
to capture the digital images, followed by image enhancement and some of its techniques.
Then the issues central to this thesis, namely the methods of registration are described
and a brief survey of the different registration techniques is given. There are many
techniques for registration depending upon the type of images, objective and application.
However, only those which are similar to the techniques proposed in this thesis are

discussed here. Finally, different approaches used for the restoration are discussed.

2.1 Image

An image in everyday life is perceived as the light reflected from an object.
“Theoretically, the term image refers to a two-dimensional light-intensity function,
denoted by f(x,y). The value or amplitude of function ‘f at spatial co-ordinate x,y)
gives the intensity of the image at that point. The intensity of light is always positive and

therefore can be represented as

0<fxy)<wo @.n



2.2 Digital Image

Usually, the digital form of an image is used for computer processing. A digital image
flm,n], described in a 2D discrete space, is derived from an analog image f(xyy)ina 2D

continuous space through a sampling process that is frequently referred to as digitization

[1].

The 2D continuous image f(x,y) is divided into N rows and M columns (see Figure 2.1).
The intersection of a row and a column is termed a pixel. The value assigned to the
integer coordinates [m,n] with {m=0,1,2,...M-1} and {n=0,1,2,...,N-1} is f{m,n].

.'...IIHH%BE!I.
EENEERNEGCEE NN
I RN N 5 B

rows

e e e e

Pixel value

column

Figure 2. 1: A continuous image divided into a discrete space

Suppose that a continuous image f(x,y) is approximated by equally spaced samples

arranged in the form of an M x N array as shown below:

f(0,00  fO1) ... FO,N=1)
0 LO) ... LN -1
S(x,p)= f(f ) f(: ) : /( : L (2.2)
fIM0) f(M)) ... S(M,N-1)

Here f(x,y) represents the digital image and each array element is referred to as an image

element, picture element or a pixel. In this thesis, we will use the term pixel to refer to
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the samples of the digital image. An image can have pixel values of several data types.
A binary image has just two possible values often assigned to black and white; a gray
level image is usually denoted with positive integer values from 0 to a maximum. A
pixel can also have a real, complex or a negative value. For example, a thermal image
with negative temperature has a negative value. In this thesis, we use a gray level image

that has pixel values ranging from 0 to 255.

In digital processing of images, an image function f(x,y) is digitized in both spatial
coordinates and amplitude. The spatial digitization is referred to as image sampling, and

amplitude digitization is referred to as gray level quantization [2].

2.3 Gray Scale

The value of pixel intensity level of a monochromatic image is defined on a gray scale
[3]. Animage with two levels of gray scale is called binary. If a system has two binary
bits, it represents four levels on the gray scale. Some ranges of gray scale are given

below:

Gray scale No. of levels Range
2! 2 0-1
2° 8 0-7
2¢ 16 0-15
28 256 0-255

The lowest value of the range represents a black pixel intensity and highest value
represent the white pixel intensity. Increasing the number of gray levels increases the

resolution and level of details in the image.



2.4 Image Acquisition

An imaging sensor is required to acquire a digital image. These sensors are sensitive to
certain bands in the electromagnetic energy spectrum such as X-ray, ultraviolet, infrared
or visible bands, and produce an electrical signal output proportional to the energy. The
imaging sensor can be digital or analog. Analog sensor generates a digitized signal as an
output, e.g. digital camera, scanner, photocopier etc., the latter generates an analog signal
as an output that can be digitized using an Analog to Digital (A/D) converter. In this
thesis, a digital scanner is used to scan the document and obtain the image in its digitized

form, i.e., a signal matrix.

2.4.1 Scanner

A scanner is a device that captures an image of the object such as a photograph, a
transparency or any printed document, and converts it into a digital light-intensity map
for computer processing. It converts the electrical signal into a two dimensional map of
pixels, and each pixel represents the intensity measurement corresponding to the
reflectance (for a solid surface) or the transmittance (for transparencies) of the object at
that location [4].

Figure 2. 2: A scanning mechanism (taken from [4])



As shown in Figure 2.2, a light source illuminates an original document. A horizontal
strip of reflected light, called the raster, is captured by the CCD and is separated into
color or black and white information. The photoreceptors, such as photodiodes, are
located next to the CCD. These photodiodes measure the incident light and convert the
measured value to an analog voltage. This analog voltage is converted to a digital value
using an A/D converter to create the digital image for computer processing. The amount
of light that is available during the scanning process corresponds to scanner responses
with higher intensity of light leading to higher speed of the scanning. During each
exposure, the scanner carriage is mechanically moved a small distance and this distance
determines the sampling rate in y-direction. For example a 1/800 inch movement is equal
to 800 dots per inch (dpi) in the y-direction. The width of copyboard divided by the

number of elements in an array determines the sampling rate in x-direction.

There are many types of scanners available — drum scanner, flat bed scanner, and film
scanner. In the drum scanner, as the drum spins, light from the image enters the lens and
is recorded in a series of fine lines. It provides highest scanning resolution up to 12,500
dpi, but is very expensive. Most computer graphics professionals use the flat bed
scanner. It resembles with a photocopier and can scan text documents, photographs, and
transparencies. The document is placed on a flat bed facing down and it is scanned line

by line.

The film scanner is used, directly to scan the negative of the film. A CCD consisting of
three RGB line sensors is placed opposite to a fluorescent lamp. Images are scanned by
moving the film between the CCD and the lamp. In this manner RGB sensors scan the

image line by line.

- 10 -



2.5 Image Processing

The term image processing denotes the manipulation and analysis of images [5]. This
can be divided into the following types:

(a) Digitization and compression: This technique is used for converting an image to a
discrete signal for computer processing and compressing it to economize on storage
capacity or communication bandwidth for transmitting purpose.

(b) Enhancement, restoration and reconstruction: The image signals are sometimes
degraded by noise, low contrast or blurring. To obtain the original image or to
improve it for analysis purposes, image enhancement, restoration or reconstruction
techniques are used depending on the objective.

(¢) Matching and recognition: When images taken by different sensors or at different
times are to be compared, we use the matching or registration techniques. This
analysis includes segmentation of an image, measuring the properties of different
parts and obtaining a relationship between the parts and comparing. The resulting

descriptions are examined using certain models.

The ultimate goal of the above techniques is to help an observer translate the contents of

an image into useful information.

2.6 Image Enhancement

After a digital image is obtained, it needs to be processed to improve its quality and make
it suitable for a specific application [1]. This technique is called image enhancement.

The image enhancement operations generally fall into two categories:

o local operations, and

o global operations

A local operation includes those techniques that alter the value of a pixel based upon the
values of its immediate neighbors. Global operation, on the other hand, refers to those



techniques that alter the value of a pixel by an identical amount regardless of the pixel’s

location in the image space.

Image enhancement refers to accentuation or sharpening of the image features, such as
boundaries, edges or contrast to make graphical display more useful for analysis or
display. This includes gray level manipulation, noise reduction, edge sharpening,
filtering, interpolation, magnification, and pseudocoloring etc. There are two categories
of image enhancement: spatial domain, which is based on the direct manipulation of the
pixels in the image matrix, and frequency domain, which is based on the Fourier
transform of the image. The various techniques of image enhancement are based on the
above two approaches, either used individually or as combination of the two. These

techniques are divided into four groups:

(i) point operations
(ii) spatial operations
(ili)  transform operations, and

(iv)  pseudocoloring

The above group of techniques can be further divided into the following approaches:

Point operation Spatial operation Transform operation
Contrast stretching Noise smoothing Linear filtering
Noise clipping Median filtering Root filtering
Window slicing Unsharp masking Homomorphic filtering
Histogram modeling Low pass, band pass

High pass filtering

Zooming

Table 2. 1: Image enhancement operations



2.6.1 Point Operation

Point operation is a type of spatial domain approach. In the point operations, a given
gray level u € [0, L] is mapped into another gray level v € [0,L], according to the
transform, v=f(u), where f is a function of mapping. Several types of point operations are
listed in Table (2.1). In this thesis, only a few point operations are used for the
enhancement of images, therefore not all the approaches of point operation are discussed

here.
2.6.1.1 Contrast Stretching
The poor or non-uniform lighting conditions, nonlinearity or small dynamic range of the

imaging sensor causes a low contrast of the image. To improve the contrast of an image,

a contrast stretching transformation is performed as below:

au O<u<a
V= B(u-a)+v, a<u<b . (2.3)
y(u-b)+v, bu<lL

where a to b is the region of stretch, (please refer Figure 2.3), within this region the slope

of the transformation is chosen greater than unity in the region of stretch.

(=
=
A

Figure 2. 3: Contrast stretching
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2.6.1.2 Clipping and Thresholding

The clipping is another kind of point operation that is very similar to the contrast
stretching [1]. In the equation 2.3, given above, if a = y =0, it will clip any pixel with a
value less than a and greater then b. This technique is helpful in the problems of noise
reduction. If the range of the required pixel values is known, the rest of the pixels can be
set to the highest or the lowest level. Any noise within this range is eliminated using this

approach.

Thresholding is a special case of clipping, where the pixel intensity within the range
(a, b) is set to a level, say t, and rest of the pixel values are set to the background. If the
background has the same pixel values, e.g. white, then the thresholding is known as

binary.

As shown in the Figure 2.4(a), the gray level below a certain value is set to zero and
above that it is set to the high level value L. Because the transformed image is defined by
the two levels, it is called binary image. In Figure 2.4 (b) only the gray level below a

certain value is set to zero.

(@) (b)
Figure 2. 4: An example of binary thresholding
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Thresholding is a type of point operation and a special case of clipping. It is a
particularly useful region-approach technique for images containing an object with a
contrasted background. In the threshold technique for image segmentation, all pixels at
or above the threshold level are assigned to the object. If the object differs from their
background by some property other than the gray level (texture, etc.), that property is first
transformed to the gray level using some operation. Then the gray level thresholding is
used to segment the image. In this thesis, text documents with contrast background are

used.

The simplest and most widely used segmentation method is thresholding. It involves
setting background values for pixels below a threshold value T and using a different set
of values for the foreground. If the input image is f{x,y) and the thresholded image is
g8(x.y), the equation for the thresholding operator is given by:

0 T
g(x.y) ={ Loyt Q. 4)

1 otherwise

2.6.1.3 Window Slicing

Window slicing is another type of clipping approach. This transformation allows us to
segment the feature of a certain gray level from the rest of the region. If L is the highest
intensity level of an image and the intensity level of required features are between a and
b, then:

L

v= asusb without background ... Q. 5)
0 otherwise

v= {L asus<b with background ... Q. 6)
u otherwise

This approach is commonly used for remote sensing images.



2.6.1.4 Histogram

Histogram is a function, which returns the relative frequency of the pixel values in a
givenimage. The gray-level histogram is plotted on two axes: x-axis represents the gray
level values and the y-axis represents the relative frequencies. In other words, a
histogram is a list which contains as many elements as quantization levels. The number
of pixels in each element show the corresponding gray level value stored. The
calculation of a histogram is very straightforward. First, the entire list of the gray levels
is set to zero. Then, the pixels of image are scanned, the gray value is taken as the index
and the corresponding element of the list is incremented. The histogram gives a simple
visual indication as to whether or not an image is properly scaled within the available
range of gray levels. For example, if an image has been digitized between the gray level
0 to 255 and it has more brightness range, then the gray levels will be clipped at 0 and/or
255, producing spikes at both the ends of the histogram.

Two different images can have the same histogram but an image always has a unique
histogram. A quick study of the histogram can give details about the problems with the

image.

The image of a clear text document and its histogram is shown in Figure 2.5. Itis clear
from the image that the pixel intensity of the text, i.e., the foreground, are condensed in
one region close to the low level and pixel intensity of the background and close to the
highest gray level. In another example of histogram (please refer to Figure 2.6), which is
a sample of a degraded document, the gray level values of the foreground is spread out all
over the gray scale. This shows the overlapping of the text and the show-through from

the back of the document
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Figure 2. 5: A clear text document and its histogram.
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Figure 2. 6: A degraded text document and its histogram.
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2.6.2 Spatial Operation

The spatial operations of image enhancement are performed on the local neighborhood of
input pixels. The image is convolved with a finite impulse response filter called a spatial
mask, template, window or filter. This technique is used to improve the image by
removing blur, sharpening the edges, and replacing the pixel by the average of its
neighboring pixels. Many types of spatial mask exist for the processing, e.g. Sobel edge
detector, Laplacian edge enhancement operator, Robert’s gradient operator, Low Pass
filter, High Pass filter etc.

2.6.3 Transform Operation

This operation is applied in the frequency domain and in this technique the Fourier
transform of the image is multiplied by the filter transfer function [5]. The inverse
transform of the result gives an enhanced image. In practice, spatial masks are used more
often due to their simplicity of implementation and speed of the operation. There are
several types of transfer operation, e.g. homomorphic filtering, Lee filter, Butterworth

filter, etc.

2.7 Geometric Distortion

When a document image is obtained from the scanner there are some distortion and
misalignment between the recro and verso images. There are mainly three types of
geometric distortions- translation, rotation and scaling [6]. Here all transforms are
described in 2-dimensional Cartesian co-ordinates. Let the initial point (x,,y;) in image f,
be transformed on the image f; at point (x2, y2). The geometric transformation between
two images can be described by two equations, X2=hi(x1,y1) and y, = hy(x;,y;), where h,
and h; are the transformation functions.



2.7.1 Translation

This transformation includes sliding the image up, down, left, and right. The x-values,
i.e., columns, give the left and right movements and the y-values, i.e., rows, give the up
and down movements. If the amount of translation is a9 and a, then the transformed co-

ordinate can be represented as below:

X=a+x 2.7
2Tatxy 2.8

2.7.2 Retation

The rotation transformation spins the image around the center point. The rotation by an

angle 6 can be given as:

b)) _|cosé —sing || 5 2.9
Yy sinf@ cosé », o '

2.7.3 Scaling

This transformation is used to enlarge or shrink the image. To scale the x-direction
x-values are used and similarly to scale the y-direction the y-values are used. The

transformation is defined as :

x]_[S. 0 [x,:, 2 10
,:)’z] ,:0 Sy] iy T @10

The values of S, and Sy are selected less than 1 to shrink the image, and more than 1 to

enlarge the image.
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2.7.4 Shear

The shear causes a distortion of pixels along one axis, proportional to their location in

other axis. The shear acted along the x-axis, say SHy can be represented as below.

[Z] =[<1) ﬂ[ﬂ .......... @ 10

And the shear acted along the y-axis, say SHy , can be represented as below.

[;] =[(1> ﬂ{;] .......... @.12)

This type of distortion does not occur very often. The skew is a special case of shear

when the distortion occurred along both axes.

The above discussed distortions can be combined into two equations each for x and y

co-ordinates as follows:

X2 =ag +Sx(cos® x| -sin@ y;) .. 2. 13)

Y2=a1+8y(sin x; +cosOy,) . Q. 14)

Where agand a, represent the translation only, Sy and Sy are scaling factors in x and y-

directions respectively, and 0 is the angel of rotation.

2.8 Image Registration

Image registration is the process of geometrically aligning two images of the same object
or scene. By definition the image registration can be defined as mapping between two
images both spatially and with respect to intensity [6]. If we have two images I; and I,



defined as two 2-D array of a given size, then the mapping between the two can be

expressed as

Lxy)=e(fxyy (2. 15)

Where f is defined as a 2-D spatial co-ordinate transformation and g is a 1-D intensity or

radiometric transformation.

The image registration has many applications in the various areas and substantial work

has been done in this area [7]. Some examples of these applications include:

® Medical image analysis: detection of significant difference between biomedical
images obtained from different subject or from the same subject at different time.

® Pattern recognition: object recognition, segmentation, motion detection,
stereomapping and character recognition, and document restoration.

® Remote sensing: oceangraphy oil and mineral exploration, pollution and urban

studies, military operation and forestry.

When we register two images there can be distortion, transformation, rotation or scaling
differences. To map one image on to another those differences need to be removed using

some techniques. Generally there are two methods that can be used to register images:

® Area based matching

e Feature based matching

The area based matching works by extracting the small area from one image and
scanning the other image in order to find a similar area. Areas are matched by
maximizing the cross correlation function. This method is very successful, but
sometimes suffers from a number of limitations. The images need be matched have to be
radiometrically very similar, i.e., from the same sensor. Also the camera angle should be

known in order to ensure the image has minimal differences in scaling and azimuth. For



these reasons, area based matching is in general, not applicable to multi source image

matching.

The feature based matching, on the other hand, can be used to register same sensor or
multi-sensor images. Usually the images that need to be registered are taken by the same

image sensor therefore the research into feature based matching is less developed.

There are many approaches to solve the problem of image registration. One approach
seeks to minimize the mean square difference between the pixel intensity values in a pair
of images through the use of a gradient. Most approaches, however, consist of the
following three steps. The first is to identify a set of points that correspond to the same
point in the image. These match points are also referred to as corresponding points,
control points, conjugate points and tie points [8]. The second is to compute the
registration mapping function, which is the function that assigns to each point (x,y) in the
reference image and is correspondent to the same control point in the data image. The
last step is to identify the corresponding points in the two images using cross correlation

technique or least square method.

Most of the registration approaches defined so far are problem based. Therefore before
selecting a registration approach it is important to preprocess the image, i.e., assess the
data and select the correct way to proceed. In this thesis only those approaches, which

are directly related to the objective are discussed.

The methods of registration can be broken down into four major components. For a
particular application a different combination of choices are selected from the following

components:

¢ a feature space,
® asearch space,
® asearch strategy and

e similarity matric.



A feature space is used to define the feature of information in the image that is used for
the matching. For example, for motion detection, the edge is defined as a feature to be
used for the matching. The search space is the class of transformation such as FFT,
affine etc. that is used to align the images. The search strategy decides how the feature
selected in one space is use to find an optimal matching using the selected search space.
The similarity matric component determines the relative matric for each test, for example,

the least-squares method, the cross-correlation method etc.
2.8.1 Pixel Transformation

In this technique, the translation approach is used to register the two images. To perform
this technique one image is transformed horizontally, one column at a time, and then
vertically, one row at a time. During each transformation the Squared error between the
pixel intensities of the transformed and reference image is calculated to identify the
optimum match. The Squared error is minimized at the optimum point of matching. Let
(x,y) be the pixel co-ordinate of a point in image f(x,y). The image f(x,y) is translated by
a; horizontally to map the image f°. The new translated y co-ordinates of the image are

defined by equation 2.16.

y=a+y (2. 16)

Similarly when the image is translated vertically by the points a2 the new x co-ordinate is

defined by the equation 2.17.

X’=a+x .17

These new co-ordinates, where the least square value of the difference in the pixels of
two images is minimum, are the optimum matching point of the two images. Once the
optimum point is found, the image is transformed by that point value. Then the
transformed image is rotated by a small angle at a time and again the image is translated



to find the optimum matching point. This approach is very simple and gives reasonably

good results.
2.8.2 Affine Transformation

Affine transformation is the most common general transformation. It can tolerate more
complicated distortions while still maintaining some good mathematical properties. The
affine transformation is composed of the Cartesian operation of translation, scaling, and
rotation [9]. If we consider the two images fiand f5, the co-ordinates of image fi(x;, y;)
are mapped on the co-ordinate f; (x, y,), the three operation are used to register the

images as described in section 2.7.

The affine transformation is a global transformation, since the overall geometric
relationships between points do not change, i.e., a triangle in one image maps into a
triangle in the second image. Fora perspective type of transformation an affine
transformation has six parameters, say, ao, a1, az, a3, a4, and as. If a point (x;, y,) of one
image maps to the (x2, y2) of the second image then the co-ordinate (x5, y,) can be

represented as follows:

X2 =ataxtaayr . (2.18)
Y2=artazxitasy, . 2.19)

In translation the origin is moved but axes remains parallel. In the above example the
image is moved by ag pixels in x direction and by a; pixels in y direction, therefore only
for the translation a; =as =1, a; =a, = 0. Similarly for the image rotated by an angle 0
the value of parameters will be ag =a;= 0, a, = a5 = cosf, and a3 = -a; = sinO . Thus we
get the relation as given by the equation 2.9. For translation-zoom-rotation (ao, a;,

4 = as, a3 = -a4) all six parameters are used and for translation-zoom 3 parameters (ao, a;,
@ =as = 1) are calculated. Using above six parameters any model of registration can be

easily obtained.



2.8.3 Discrete Fourier Transform

The Discrete Fourier transform (DFT) method uses the Fourier domain approach to
match the images that are rotated, translated and scaled with respect to each other [1]. In
this technique the search for the optimal match is made according to the information in
the frequency domain, unlike other search methods based on the spatial domain. This
method relies on the properties of the Fourier transform such as shift, rotation, and
scaling. Before defining the transformation a few terms used in the Fourier transform are

explained first, which will make it easier to understand the transformation technique.

If f(x,y) is an image function its DFT and inverse DFT can be defined by the equation
2.20 and 2.21.

M-IN-1
Fu,v)= 3 f(x,y)e2etvn (2. 20)
x=0 y=0
l M~IN~| )
f(x, y) = —AZV-ZZ Fu,v)e2=w=+» (2.21)
u=0 v=0

It is clear from the above definitions that DFT is a complex function; each value has a
real part, say R(u, v) and an imaginary part , say I(u,v) at each frequency (u,v). In terms
of real and imaginary parts the DFT function can be written as:

Fu,v)=R(u,v)+il@vyy 2.22)

Where i =V (-1). Another alternative to express this term is the exponential form, as

given below:
Fu,v) =|Fu,v) e'®>» (2. 23)
where |F(u, v) |is the magnitude of the FFT and e’ **" is the phase angle. Let f, and £, be

two images that differ only by displacement (xo, yo), i.e.,
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b(x, y) =fi(x-xo, y-yo (2.29)
Their corresponding Fourier transforms F 1 and F; are related by
Fyuv) =e?™ e p vy (2. 25)

For images which are shifted with respect to each other, the Fourier registration method
entails determining the location of the peak of the inverse Fourier transform of the cross
power spectrum phase [7]. Since the phase difference for every frequency contributes
equally, the location of the peak will not change if there is a noise, because noise is
limited to a narrow bandwidth. Therefore this Fourier transform technique is well suited
for shifted images with a noise of small frequency range. But if the images have
significant white noise, which spreads all over the frequency range, it is difficult to find

the accurate peak.
The rotational movement without translation can be represented in the same way using

the phase correlation. Rotating an image rotates the Fourier transform of that image by

the same angle. If f5(x, y) is a rotated replica of fi(x, y) with rotation ¢ then,

fa(x, y) = fi(x cosdo+ y sindp, -x singo+ ycosdo) ... (2. 26)
From the 2-D similarity theorem, it follows that a rotation of f(x,y) through an angle
also rotate the spectrum of f(x,y) by the same amount. Therefore the corresponding
Fourier transform are related by

Fa(u, v) = Fi(u cosdp + v singy , -usingp +vcosdo) 0000 ... 2.27)
If fi is a scaled replica of f, with scale factors (a, b) for the horizontal and vertical

directions, according to the Fourier scale property, the Fourier transforms of f; and f; are

related by
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F2 (u, v) = {l/]abl} Fi(w/a,vb) (2.28)
The Fourier Transform are very efficient for large value of translation, rotation or scaling.

2.9 Registration

A very important part of designing a registration method is to find the best matching
point. There are many criteria to calculate the similarity measures for the matrices of
both the images. The typical similarity measures are — Cross Correlation method and
Least Square method. The choice of similarity metric is one of the most important part of
registration and it gives the measure of the degree of similarity between the two images.
For the given search space of transformation, the similarity metric is used to find the

parameters of the final registration

2.9.1 Cross Correlation Method

The cross correlation is the basic statistical approach to registration. This can be used
with or without prefiltering. For matching an image f; with another image f5, the two-
dimensional normalized cross correlation function measures the similarity for each

translation as below:

f;(x’y)fz(x—xo’y - Yo)
C(x0,y0) = 2. Z’ — (2. 29)

DI ACEENEINY

If the two images match exactly for a translation of (X0,Y0), the cross correlation will have
the peak value at C(xo,yo). Thus, by computing C over all possible translations, the best
matching value of translation can be calculated.
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2.9.2 Least Squares Method

This is a very simple approach to calculate the similarity measures. This approach is
better suited for the images with curves. For two matrices f; and f; the squared error can

be calculated as given by the equation 2.30.
Ly =22 (- f,c—x0, =) 2. 30)
x oy

This measure decreases with the degree of similarity. For the best matching translation

the value of squared error should be minimum.

2.10 Restoration

The area of image restoration deals with recovering image information that has been
degraded. In other words image restoration means the removal or reduction of
degradations that were incurred when the image was obtained. This degradation can be
blurring due to the optical systems, image motion, noise due to the electronic and
photometric sources, and unwanted information in the image such as show-through. To
design a digital image restoration system it is necessary to quantitatively characterize the
image degradation effects of the physical imaging system, the image digitizer, and the
image display and then undo the degradation model to obtain the restored image. There
are two basic approaches to the modeling of image degradation effects: a priori modeling
and a posteriori modeling. The difference in the two modeling methods is in the manner
in which information about the degradation is gathered. For an a priori modeling the
response of imaging system, digitizer and display are measured on an arbitrary image
field and for a posteriori modeling the model is developed for the image degradation

based on the image to be restored. The restoration techniques can be divided as follows:

e Spatial image restoration techniques
® Point and spectral restoration techniques

o Geometric transformation
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2.10.1 Spatial Image Restoration Techniques

This the most common technique used for image restoration. It is used to compensate for
image blur and additive noise effect caused by the sensor amplifier. The additive noise is
independent of the image field. It is assumed that image blurring is modeled as a
superposition of the operation with impulse response h(x,y), (please refer to Figure 2. 7)-

The model of a degraded image can be represented a s follows:

S&xy)=fxy) *hy) +nxy) 2.31)

where f* is the degraded image, f is the original image or the ideal image, h is the point

spread function and n is an additive noise.

spatial itpage L (x,y) | Restoration i x,y)
degradation filter
Ax,y) 7 hxy) < 1 hrix,y) —>
n(x,y)

Figure 2. 7: An image degradation and restoration model

The objective of the restoration is to produce an array of samples f (x,y) that are
estlmates of points on an ideal input image field f(x,y) obtained by a perfect digitizer. To
produce a digital restoration model it is necessary to relate the physical image sample to
the ideal image points. There are various method of restoration, e.g. Inverse filter,
Wiener convolution filter, Wiener deconvolution filter, recursive filter, least mean square
filter etc.
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2.10.2 Point and Spectral Restoration Techniques

A post-processing correction of the sensor signal and pre-processing correction of the
display signal can be reduced using this technique. The source degradation can be

separated into the spatial and point effects.

2.10.3 Geometric Transformation

Geometric transformations are different from the above discussed restoration techniques.
This transformation modifies the spatial relationship between pixels in‘an image. The
Geometric transformation are also called as rubber sheet transformation, because they
can be compared with a printing on a rubber sheet and then stretching the sheet according
to some predefined set of rules. There are two types of Geometric transformations: (1) a
spatial transformation, which defines the rearrangement of the pixel on the image plane,
and (2) a gray level interpolation, which deals with assigning a gray level to pixel based

on some spatial analysis.



Chapter 3 Show-Through Correction Methods

In this chapter, various techniques applied for the restoration of recto and verso images of
a document degraded due to the show-through are discussed. F irst, two simple
approaches of image enhancement are discussed which use Adobe® Photo Deluxe™
Business Edition and applying a threshold for restoration of the image. This is followed
by a discussion of the technique suggested for the restoration of documents with high
show-through; that is registering the images and then applying a restoration method to
obtain the clear recto and verso images. The explanation includes four methods of

registration followed by three approaches used for restoration.

3.1 Image Enhancement

As discussed in section 2.6, the image enhancement technique is used to improve the
visibility of pictorial information or to convert an image to a form that is better suited to
the human visual system. For the old text documents which are degraded due to the
show-through, we use this approach to remove the show-through from the document
images. So far, no specific approach has been suggested for this type of problem. From
the various approaches used for the enhancement, we chose two simple techniques of

image enhancement:

 using Adobe® Photo Deluxe™ Business Edition software package, and

e applying threshold technique.
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3.1 Adobe® Photo Deluxe™ Business Edition

The Adobe® Photo Deluxe™ Business Edition is one of a variety of advanced software
packages available for image processing. This package is provided with the HP Scanner
used in the VIVA lab. It allows one to import, organize and share the images, and also
provides simple tools to edit photographs like a professional - from removing unwanted
objects and people in the photographs to removing wrinkles, repairing damage and

applying special effects.

In this approach, each side of the document is scanned and processed independently to
remove the show-through from the recto and verso images. Using this software, the pale
show-through can be removed totally. When processing documents with dark show-
through it eliminates some of the desired signal and also modifies the texture of the
paper, ie. the desired details of the background is eliminated. This approach is therefore
not very efficient for the documents with high show-through. It is used to restore each
recto and verso individually. A sample image restored using the Adobe® Photo

Deluxe™? Business Edition software package is shown below in Figure 3.1.

ngl‘o\e 28 LR)
There s hw‘h@j BQ'H'CY

dan e &N COUYasy-

ment st < A'%"’“‘?"f'

-

Figure 3. 1: The text document image restored using the Adobe® Photo
Deluxe™ Business Edition.
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3.1.2 Applying a Threshold

By studying the histogram of recto and verso images (please refer to Figure 2.6), we
conclude that the high show-through overlaps with the intensity of the desired signal. A
certain value of threshold, say t, can be selected on the basis of the histogram of the
degraded image with a pale show-through, as the overlapping of the desired signal and
the show-through is not very significant. Any pixel with a higher value than the

threshold is set to a high intensity level, please refer to equation 2.6.

This approach is good for a pale show-through but for the images degraded with high
show-through, due to the wide overlapping of desired signal and show-through, it is
difficult to choose a threshold value (please refer to Fi igure 3. 2). If a threshold is chosen
close to the show-through intensity, it will leave some of the show-through in the image.
For the threshold close to the signal value, it will remove some of the desired text signal.
This approach does not give a very good result for the high show-through documents as
can be seen in Figure 3.2, although it is better than using Adobe® Photo Deluxe™

Business Edition software package.



enhanced recto image using 0.48 threshoid
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Figure 3. 2: Image enhancement using threshold

3.2 Model of Degradation

To perform a better enhancement, it is necessary to find a more appropriate technique.

To define that technique a model of degradation is needed, which provides the basis for
the enhancement approach. Let us assume that the degraded model of the recto image is
f(x,y) and of the verso image is f,(x,y). As the light intensity value is always positive,
and both the recto and verso images are scaled between 0 to 1, therefore 0 < fi(x,y) <1
and 0 <f(x,y) < 1. For this model we assume that lower level 0 represents the white and
higher level 1 represents the black on the gray scale of 256 gray levels. To remove a

show-through, the restoration is carried out in the following three steps:
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® aleft-right flip of the degraded verso image, fu(x,y) is obtained.

e the recto image and flipped verso image are registered precisely.

e show-through is removed using the same algorithm on the registered recto and

flipped verso image.

In this thesis, the technique for the removal of show-through is based on the pixel by

pixel comparison of the registered recto and flipped verso images to cancel the undesired

signal. Most imaging devices induce geometric (spatial) distortion. Therefore, it is

necessary to achieve a good registration before doing any significant work on the show-
through removal algorithm. In the process of registration, we are basically attempting to

register the desired recto image with the show-through on the verso image and the

desired verso image with the show-through on the recto image.

The recto and verso images are sampled on a rectangular lattice with origin at upper left

comner (please refer to Figure 3. 3). The width and height of the image can be

represented by pw and ph respectively.

» PV

0 X
y Recto
Writing

v

Verso

Writing

ph

Figure 3. 3: A basic model of recto and verso image

ph

We are representing ideal images as recto writing, i.e. fur(X,y), and verso writing, i.e.

fuv(x,y), which are only the writing with no background. A reflection operator R is used
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to flip the verso image from left to right. The reflection operator R is a linear operator

that does a left-right flip of an image and can be defined as below:

g= R fV : g(x’)’) = fv(Pw‘x’ Y) """"" (3’ l)
As defined before f, is the degraded verso image and pw is the width of the image. The

degraded recto image combines the background, the ideal recto image and the reflected

ideal verso image in the following manner.

f,(x, }’) = C(f;;r (x,J’), fw’ (X,y),amfw (x, y)) .......... (3. 2)

where fi, is the ideal recto background, f,, is the recro writing, R f,, is the flipped verso
writing, and the C represents the combination operator. In the recto image, the verso
writing appears as a show-through. In other words, the intensity of verso writing is
higher than the show-through on the recto image due to the verso writing. Therefore, the
flipped verso writing is multiplied by a coefficient c, where o < 1. The measured model

of recto image defined in equation 3. 2 can be simplified as:

1. (x, y) = max(f,, (x,y), f,,(x, y),aRf,. (x,»)) (3.3)

In the same manner, the verso image can be given as follows.

1o 6 0)=Cfo (6, 9), frn (%, 9), %S, (x, ) .. (3. 4)

where fy is the ideal verso background, f,, is the verso writing and a R £, is the flipped

recto writing.

A verso image with no geometric distortion and perfect registration can be written as

follows.
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£/ 9 =C(fo, 5 ) fur, (5, V), 0RS 0 (5 9) (3.5)

A transformation operator A, can be applied to get the registered image with no
geometric distortion, where A, is a transformation operator that changes the x and y co-
ordinates according to a transformation. We assume that any geometric distortion, as
well as lack of registration in scanning the verso image with respect to the recto image in
the measured image, can be modeled by such a transformation operator. When this
transformation is applied on the ideal verso image with respect to the recto image, it
gives the perfect match with the recro image, i.e., A f,' = f, where A, is to be determined.
For the given sample of the degraded recto image f(x,y) and degraded verso image

f.(x,y), the restored images can be estimated as below:

~

fr =CUf, ) f, (00 (3. 6)
fo =CU N fu(um0 G.7)

where f, is the restored recto image and f', is the restored verso image, with no show-
through. From the above model the actual problem now can be divided into two steps as

follow:

* to estimate f,'(x,y) from f.(x.y), which is registration of the flipped verso and

* tousef(x,y) & fv'(x,y) to estimate f, and f", which is restoration, i.e. eliminating

the show-through form both recto and verso images.

3.2.1 Registration

Let the model for the recto, verso and registered verso image can be re-written as simple

linear combination model for C.
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f(X,y) = for(x,y) + fu(x,y) + a R fv(xy) (3.98)
f(Y) = fou(xy) + (k) + & Rfwxy) (3.9)

£,'(x,y) = Apfou(x,y) + Apfun(%y) +a AR fue(x,y) ... (3. 10)

To register an image, we want to estimate a transformation operator, say A;, and apply
that on the image. In this thesis we are taking recro image as the reference image and the
flipped verso image is mapped on the recto image. The reflection operator R is applied
on the verso image and this flipped verso image is mapped on the recto image using

transformation operator A, (please refer to equation 3.11]).
RAGL, = RAfy + RASfw +2RARE, . G. 1D

If the registration is very precise then the subtraction of the flipped and transformed verso

image from the recto image will be the minimum (please refer to equation 3.12)
[, =RA4_f, =(f,, -RA4, [, )+(@R—-RA4,) f,, +(I-2R4 R)f,, ... (3.12)
The cost function for the above equation can be defined as below.

I/, = R4, S, Pl fo, ~RA, S, 1P + 11 @R-R4,)f,, [I? +]| (I -2%R4,R)f,, I’
+2fo —RA, S (@R -R4,)f,,)
+ 2(./;” —mAp-f.lw’(I - 2mpm)fwr) """"" (3' 13)
+2A(@R-R4,) f,..(I -2R4,R) f,,)

We can safely assume that the background of recto fi, and verso fyv are unrelated to each
other, and similarly the written recto f,, and verso fuwv are unrelated to each other.
Therefore, the first norm involving background and the last three inner products, should
be relatively small and insensitive to Aq. For precisely registered images the value of

cost function will be minimum.
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3.2.2 Restoration

Once the recto and verso images are registered precisely with each other an algorithm is
applied to restore the images. The restoration approach used here is a spatial approach.
The pixel on recto image, f,(x,y) is compared with the same pixel on the registered
flipped verso image f,(x,y). If the intensity of fi(x,y) is less then the intensity of f,(x,y),
then the signal on recto image is the desired signal, otherwise it is simply a show-through

from the verso, which should be eliminated.

3.3 Image Registration

As described in section 2.8, the registration is used to map one image on to another for
the same comparison. In this thesis we register the images in order to compare the two
sides of a document and eliminate the unwanted signals, i.e., the show-through coming
from the other side. As shown in the equation 3. 3, the recro image is a combination of
the written recto, the show-through, which is the verso writing, and the background. The
restored image model as defined in equation 3. 7, is the combination of the writing recto
and the background. On the other hand, from equation 3. 10, we can conclude that the
verso image is the combination of written verso, show-through coming from the recro
and the background. Therefore both images have the same signal but with different

intensities.

For the registration of recto and verso images, we assume that the horizontal and the
vertical shift is within +0.1 inch and the rotation is within +1.0°. The resolution of the
scanner is 300 dpi. Therefore, for +0.1 inch shift, we iterate 60 pixels down and 60

pixels right. The selection of the region from each image is shown in Figure 3.4.
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Figure 3. 4: Selecting a region of interest from the recto and flipped verso images

During the scanning process, the document may have shifted to the right or left. Instead
of mapping the recto left to the reference point (x,y), we select a region of interest 30
pixels to the left from the reference point. Similarly, instead of sliding the image up to
the reference point, a region of interest is selected 30 pixels up from the reference point.
The recto image is considered as the reference image and verso is slid over the recto
image to find the optimum matching point. The Mean Square Error (MSE) is calculated

with each step of slide.

It is more likely that both sides of the document are scanned by the same scanner. This
minimizes the optical distortion which occurs due to different image sensors. Therefore,
the major cause of degradation of the images is geometric distortion. The document can
be misaligned, i.e., translated, rotated or sheared which might cause distortion. To

register the recto and flipped verso, the following techniques are applied:

¢ Pixel translation approach.
¢ Pixel transformation (translation and rotation).
¢ Affine transformation (translation and rotation).

¢ Affine transformation (using six parameters).

- 41 -



3.3.1 Pixel Translation approach

This technique is used to register the image for the translation distortion only. Firsta
window is chosen from the images (please refer to Figure 3.4). To find an optimum
point for registration, the region selected from verso is isomorphically mapped to the
selected region from the recto image. This approach is very simple and gives an
acceptable result for the translation distortion. Here, we only use a sample of size
256x256 from both the images for the registration optimization. The disadvantage of this
technique is that it does not include correction for the rotational distortion. A region of
interest is selected from both recto and verso image to apply the algorithm. The

algorithm used for pixel transformation is as follows:

Algorithm 1

1. select a sample of 256x256 from recto, say R1;
2. select a sample of 256x256 from verso, say VI
3. for step=1:1:30
move V1 left by the value step;
calculate the MSE between Rl and V] -
end

4. find the point of left shift where MSE is minimum, say sl;

5. forstep=1:1:30
move VI right by the value step;
calculate the MSE between RI and V] :
end

6. find the point of right shift where MSE is minimum, say sr;
7. compare sl with sr,
if sl<sr
move the verso image left by sl
else
move the verso image to right
end

8. again select the same sample of 256x256 Jrom recto, say R2;

9. select the same sample of 256x256 from horizontally shified verso, say V2;

10. repeat the step 5 to 7; except for moving V2 up and down instead of left and right.

11. find the value of step for minimum Square error during each move, say sd for down
and su for up movement

12. compare su and sd, if su<sd



move the verso image up by su
or else
move the verso image down by sd
end

3.3.2 Pixel transformation ( translation and rotation)

Sometimes when the document is being scanned there may be some rotational distortion
because of the placing of the document on the scanner. Therefore, the approach
explained in section 3.3.1, is not sufficient because it only corrects for the translation
distortion between the images. A transformation is added for the rotational distortion in
the above approach. The new algorithm for pixel transformation approach for the

translation and rotation is described here.

Algorithm 2

1. select a region of interest on the recto and verso images as given in
algorithmi;
2. calculate the optimum horizontal and vertical shift as given in algorithm |

3. For a sample of 256 x256 pixels from recto (R1) and verso vl
4. forri=0.1:01:10

rotate image counterclockwise by rl
calculate the MSE after each rotation between R1 and V1
end

5. find the optimum rotation, say rl
6. for r2=-10:0.1:0
rotate image clockwise by r2

calculate the MSE after each shifi between RI and VI
end

7. find the optimum rotation, say r2
ifrl <r2
rotate the verso image clockwise by rl
or else

rotate the verso image clockwise by r2
end

In this approach we are using a sample of small size from both recto and flipped verso

images instead of the whole image. This might give a local correction for the geometric



transformation and therefore it is not an apposite way to calculate the optimum value for

the transformation

3.3.3 Affine Transformation

The affine transformation registration is applied on the entire region of interest, unlike the
pixel transformation approach. As described in section 2.8, the affine transformations are
very efficient for small translations and rotations. To apply this, a region of interest is
selected as shown in Figure 3. 4 and the algorithm 3 is applied to register the recto and
verso images. In this approach the image is shifted to the location between the image
pixels as the value of coefficients a,a,, a, a;, a,, and a, can be fractional. To apply the
interpolation, an in-built interpolation function ’interp2’ in Image Processing Toolbox of
Matlab 5.3 is used. The ‘interp2’ function in the Matlab 5.3 provides three interpolation
methods — ‘nearest’, ‘bilinear’ and ‘bicubic’. For the most precise interpolation

‘bicubic’ method is used for this registration approach.

Algorithm 3

1. select the region from verso image shifted by 30 pixels right and down;
2. for step=1:1:60
move verso image horizontally by the value step
calculate the mean square error between recto and transformed verso
end

3. measure the step value for minimum mean square error, say a,
4. for step=1:1:60
move verso image vertically by the value step
calculate the mean square error between recto and transformed verso
end

measure the shift for minimum mean square error, say a,
move verso image right by a, and down by a,
Jora=0.1:0.1:1.0deg
a,=a,=cosg,
a,=-a;=sing,
x'=a,+a,x+ a,;
y'=a,ta;x+a,y;
Viix.y) = interp2(V(x’, y’), “cubic’);
calculate MSE between R and V'

N«
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end

8. select the value of a;, as, a, and as for the minimum MSE:

9. transform the verso image using calculated affine coefficients;
The affine transformation approach described above gives good results for the images
that are translated and rotated. However, the above approach does not include the
scaling, skew and shear distortion. Though these types of distortion give very low
misalignment, but to get the most precise registration these distortions should also be
taken into the consideration. To amend this problem the above approach is modified in

the next section.

3.3.4 Affine Transformation with Six Parameters

This approach is discussed briefly in section 2.8. It is based on using all six parameters
individually to register the images, ay, a,, a,, a3, a5 and as. The parameters ag and a; are
used for the translation and parameters a,, as, as and as are used for rotation, scaling,
skew or shear. For the purpose of matching, a MATLAB in-built interpolation function
“interp2’ is used to obtain the registered flipped verso image. The constraints for
parameter a,, a3, a4 and as are decided by the expected angle of rotation, which is
assumed to be within +1° . The algorithm for this affine transformation approach is as

follows.

Algorithm 4

1. apply the algorithm I to calculate a; and a,

2. move verso right by a, and down by a,

3. jfora,=1.002:-0.00!: 0.997
x'=ag+axta;y;
y =a+tayx+asy;
calculate the new pixel intensity for the transformed co-ordinates
calculate MSE between recto and transformed image

end

Jfind the a; for which MSE is minimum;

similarly repeat step 3 to find optimum a; , a, and as ;
calculate the new co-ordinate x’ and y '

transformed the v to the new co-ordinate x’ and y

N LA
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3.4 Restoration

In this thesis, the model for images assumes that 0 represents the lowest intensity signal
and 1 represents the highest intensity signal. When the recro image is matched with the
verso, the show-through on the recto image is the written verso but higher in intensity
and needs to be eliminated. On the other hand, the signal with low intensity on the recro,
which is the written recto, is the desired signal. To restore these images, we apply three

different approaches namely:

e Comparing pixel intensity
e Selecting a threshold

¢ Neighborhood Processing

3.4.1 Comparing Pixel Intensity

In this approach, the pixel intensity for each pixel on recto, say r(x,y), is compared with
the pixel intensity of the same pixel on verso, say v(x,y). If the intensity on recto, r(x,y),
is less than the intensity on verso v(x,y) then r(X,y) is desired. This eliminates the show-
through and at the same time the intensity for the written recto is retained. This can be

explained by algorithm 4 given as follows.

Algorithm 5

read the recto image, say r(x,y);
read the registered flipped verso image v(x,y);
select a matrix of size(20, total number of column);
create a matrix b of background using the above sample by copying
that( m/20 +1) times;
now b is a matrix of the background only
ifrixy) <v(xy)
b(x.y) =r(x.y)
end

R~

“

6. the restored recto is b(x, y)



3.42 Selecting a Threshold

This step is an enhancement to the preceding approach. It is observed from the histogram

of the degraded image that there is an overlap of show-through and written signals

between the values 0.5 to 0.6. Therefore a change is made in the above algorithm when

comparing the pixel intensity. Each time the pixel intensity of the pixels from recto

r(x.y) and verso v(x,y) is compared, the pixel intensity of r(x,y) is also compared with the
a threshold value h. If the r(x,y) is greater than h it is rejected. The value of threshold h is
selected from the histogram (please refer to Figure 3.5). It is the lowest point in the

valley in the histogram of a degraded recto image.

Algorithm 6

AR~

“
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read the recto image, say r(x,y);
read the registered flipped verso image v(x,y);
select a matrix of size(20, total number of column);
creale a matrix b of background using the above sample by copying
that( m/20 +1) times;
now b is a matrix of the background only
ifrix.y) <v(xy)

ifr(xy)<h

b(x.y) =r(xy)
end

end
the restored recto is b(x,y)

histogram of the degraded recto image
T T ” ‘ T ; I

500

0 0.2 04 0.6 0.8 1

Figure 3. 5: A histogram of the degraded recto image
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3.4.3 Neighborhood Processing

The above two approaches do not give good results unless the registration is very
efficient. Using the technique described in section 3.4.1, some of the show-through still
remains if the images are not matched very precisely; whereas the technique described in
section 3.4.2 removes some of the written recto signals. A more efficient technique,
which would give good result even with small misalignment, is required to restore the
document images. A different approach with neighborhood block processing applied for

the restoration is defined here.

Algorithm 7

1. read the recto image, say r(x,y);

2. read the registered flipped verso image v(x,y);

3. select a matrix of size(20, total number of column);

4. create a matrix b of background using the above sample by copying
that( m/20 +1) times;

5. now b is a matrix of the background only

6. let the size of the recto be mxn

7. w=3 (the value of w varies form 3 to 9)

Jor i=I:m
Jorj=I:n
a= sum of the block of wxw neighborhood of the recto image
b= sum of the block of wxw neighborhood of the verso image
ifa<b
b(xy) =r(x.y)
end
end
end

8. the restored recto is b(x,y)

3.4.4 Comparing the Ratio of Pixel Intensity

In this thesis the dark signal is represented by the low pixel value (f{x,y) = 0) and the
bright signal are represented as high pixel value (f{x,y) = / ). This approach is based on

the assumptions that for each position there is one of four possible cases.
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(i) There is no show-through, only the desired signal is present; the pixel value on
the recto image is significantly lower than the flipped verso image

(ii) There is no desired signal, only the show-through is present; the pixel value on
the recto image is higher than the flipped verso

(iii)  There is no recto writing or any show-through, only the background is present;
the pixel value on both the images is almost same.

(iv)  Both, desired signal and show-through are present; the overlapping of both the

signals implies that pixel value of both the images are similar.

To eliminate the show-through the (ii) condition is considered. No processing is required
for conditions (iii) and (iv) as the signal can be kept unchanged. Similarly the condition
(1) occurs when the recto writing present and therefore the signal is desired. The

algorithm for this approach is discussed below:

Algorithm 8

read the recto image, say r(x,y);
read the registered flipped verso image v(x,y);
select a matrix of size(20, total number of column);
create a matrix b of background using the above sample by copying
that( m/20 +1) times;
now b is a matrix of the background only
calculate the ratio | of recto and flipped verso
let the size of the recto be mxn
Jori=I:m

Jor j=1:n

if r(x,y)<threshold AND [ >0.6
b(x.y) = rxy)
end

end
end
8. the restored recto is b(x,y)

AW~

NS

In chapter 4 these approaches are tested and compared on several sample images with
show-through.



Chapter 4 Experimental Results

The results obtained by using various approaches described in the previous chapter are
discussed here in detail. The different techniques are implemented using MATLAB 5.3
software running on a Pentium MMX workstation in the VIVA lab. It is necessary to use
the same image sample to provide an effective comparison of the different registration
methods, thus two image samples are used for this purpose. To examine the efficacy of
the restoration algorithms utilized in image restoration, different samples are used and the
results are compared using subjective and objective methods. In the former method we
compare the results visually with the ideal image, since the ideal image for each sample is
available (please refer to Figure 4.1and 4. 2). In the latter method of comparison we
perform two techniques, namely histogram comparison and calculation of Mean Square
Error. To compare the histogram the histogram of the ideal image is available (please
refer to Figure 4.3).
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Figure 4. 1: The ideal image of the sample 1.
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Figure 4. 2: The ideal image of sample 2.
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Figure 4. 3: The histogram of the ideal image

4.1 Image Enhancement

As discussed in section 3.1, the image enhancement techniques are not well suited for the
restoration of documents with high show-through. Two samples of degraded documents
with a high show-through used here are shown in F igure 4.4 and 4.5.

Two enhancement techniques are used here: a built-in function of Adobe® Photo

Deluxe™ Business Edition software package and applying a threshold.
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Figure 4. 4: Sample 1 - The recto image with show-through
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Figure 4. 5: Sample 2 ~ The degraded recto image

4.1.1 Adobe Photo deluxe

The Adobe® Photo Deluxe™ Business Edition software is applied on the sample shown
in the Figure 4.4 and 4.5. It is shown by the result that the entire show-through can not
be removed (please refer to Figure 4.6 a and 4. 7). If the image is processed further to
remove the show-through, we start losing some of the desired signal (please refer to
Figure 4.6 b). This process can be clearly shown in the Figure 4.6b, where the enhanced
image has no show-through but the background is white and the gray scale is changed
into a binary level. Also the further processing caused the elimination of the desired

signal. This can be clearly shown at the edge of ‘s’ in the word ‘is’ and ‘e’ in the word

‘people’.
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Figure 4. 6: The restored image using Adobe® Photo Deluxe™ Business Edition
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Figure 4. 7: Another sample of the restored image using Adobe® Photo

Deluxe™ Business Edition

4.1.2 Applying a Threshold

In the histogram of the degraded image we see the overlapping of the desired signal and
show-through
have lower gray values, i.e. the desired signal, from the pixels that have higher gray

(please refer to Figure 4.8). Thresholding distinguishes the pixels that

value, i.e., the show-through and the background. As described in section 3.1.2, a
threshold value is chosen from the histogram as a lowest value in the valley between the
two histogram modes. The valley represents the overlapping of the desired signal and
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show-through from the verso. For the very high show-through the distribution of dark
and bright pixels become more and more difficult. That makes the selection of the
threshold value more difficult.

histogram of the recto image with bleed through
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Figure 4. 8: The histogram of the degraded recto image

In this example reasonably accurate threshold value is chosen as 0.5 , which is the lowest
point in the valley of the histogram. The pixel values less than 0.5 is replaced by the 0
and the pixel values greater than 0.5 is replaced by the background. The result of the
threshold approach is shown in Figure 4.10. As is evident, this approach does not give
good results either. When the threshold value 0.6 is selected some of the show-through,
with pixel intensity less than 0.6, is difficult to remove, however if we choose a lower
threshold value, it eliminates some of the desired signal. The histogram of the restored
image is shown in Figure 4.9, which is very similar to the histogram of the ideal image
(please refer to the Figure 1.3). But in the histogram of the restored image a region
between the 0.5 and the background pixel value is flat and some background information
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is also removed. Therefore, both of the aforementioned enhancement techniques are not

efficient enough to remove the high show-through. The low value of threshold causes the

elimination of the desired signals (please refer to F igure 4.11).
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Figure 4.9: The histogram of restored image using threshold approach
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Figure 4. 10: The restored image using threshold value 0.6.
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enhanced recto image using 0.45 threshold
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Figure 4. 11: The restored image using threshold value 0.45

The techniques of image enhancement, discussed above, are not very efficient for the
images with high show-through. Therefore, a new approach was suggested in section
3.3. In this approach both the recto and verso images are registered precisely and then a
restoration technique is applied on the registered images to get the improved image. The
first step of this approach is to find the most efficient method of registration and the next
step is to implement the restoration. The next section sets forth the comparative study of

the results emanating from the registration techniques discussed in the section 3.3.
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4.2 Registration

While scanning the documents there is some shift or distortion between the recto and
verso images. When verso image is flipped and mapped to the recto there is a
mismatching. To eliminate this different techniques are suggested in this thesis (please

refer section 3.3) for the registration of the two images.

4.2.1 Pixel Translation Approach

As discussed in section 3.3.1, a sub-matrix is selected from the image to calculate the
translation. Figure 4.13 shows the registration of recto and flipped verso images before

applying the transformation.

The pixel transformation approach is discussed in detail in section 3.3. 1. In this approach
a small region is selected from the two images and the optimum value of the
transformation between the recto and flipped verso is calculated. Then the flipped verso
is transformed by that shift value and the average between both the images is obtained.
This gives the mapping between the two images (please refer to Figure 4.14). By the
visual inspection of the Figure 4.14, it is obvious that the area from which the sample was
taken is well registered, whereas there is a not a precise matching in the rest of the region.
For a sample of 256x256 the time taken in the calculating the optimum transformation is
356sec on a Pentium MMX S00MHz PC. Fora region of 400x400 the time taken is more
than 800 sec. Therefore, it will take a lot of time and memory space to process the entire
image to calculate the translation. Obviously, this approach does not give very efficient

transformation and consume a lot of time and memory space.



Registered recto and flipped verso images before trasnformation

ot S
€
. . .
— -3 "~ it v
- . .o~ g -
P T i R '\Vh ~
o ~ . {1 N .
-~ o PR R B P4 Pl
. - . rooa S I
RN CRN S S ~
JF\QY}}‘ - s - .}"” s‘_' RS St oy -
i ;
-~ .

. g A ST et —
: 2 g P
.' y ‘
J./" ‘Q N -
,\flxi":\ 3 &}E‘"C’-_y >

DY {‘V —_
7 |
S ) i j , .
LA g <= G’
r'\' s ‘l :‘(z L {'.’:‘:\ (‘YT:Jn‘," & l;h’&
-&.' g- * s - =
5 ;7
e A ITrTr- -"‘/" FeiAC 2ot~y 1’
S O :
IR Pl | R AR 2 ey e
J L - - s
4

Figure 4. 12: The registered recto and flipped verso images before transformation.




registered image after the transformation
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Figure 4. 13: The registered image using pixel transformation approach.

4.2.2 Pixel Transformation with Rotation

In the above approach we did not consider the rotational distortion. There is a high
probability of a rotational distortion during the scanning of the documents. Therefore,
the correction for the rotational distortion is added to find more accurate registration.
This registration approach is an extended part of the previous Pixel Transformation
technique. In this approach after calculating the translation between the images, the
image is rotated by an angle of 1.0° clockwise and anti-clockwise in increments of 0.1°.

A small region is selected from the image to adjust for rotational distortion. It is assumed
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that there is a small rotational distortion between the recto and flipped verso image. The
flipped verso is rotated by an angle of 1.0° in steps of 0.1°.
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Figure 4. 14: The registered image using pixel translation with rotation.

After each rotation the MSE is measured to get the optimum angle of rotation. The
process of rotation adds some more calculation and hence more computation required
which consumes more time. In other words, even with a small sample of size 256 x 256
it takes almost 50% more time than the previous registration technique to find the
optimum registration.
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This approach provides reasonably good result for the registration, (please refer Figure
4.14). There are two factors which lead to a decline in the efficiency of this technique.
First, the time taken for the calculation for each document is very high and second,
because a small area is selected for the computation, it does not give the optimum value
for the whole image. If the whole image is considered for calculating the transformation
operators it take a lot of time and memory space. Due to these two reasons the Pixel

Transformation approach is not feasible.

4.2.3 Affine Transformation

As discussed in section 3.3.3, this is a very simple approach for image registration.

The affine transformation discussed here includes both translation and rotation distortion.
The scanned images may have both types of distortion but in small value, as the
document is scanned at the same time and placed in the same position. Therefore, this
technique is designed for 4+0.1” translation and +1.00 of rotation. To calculate the
optimum transformation the entire region of interest is considered. To avoid the
calculation for left and right shift, or up and down shift, a region is initially selected as
described in Figure 3.4. Then the translation is calculated in two directions only right

and down. This reduces the computational requirements.

This approach provides a better result than the Pixel Transformation approach (please
refer to Figure 4.15) as the entire region of interest is considered to calculate the

optimum value of transformation for the whole image, which leads to good registration.
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Figure 4. 15: The registered image using affine transformation

4.2.4 Affine Transformation with six Parameters

This is more efficient approach of registration as it calculates the transformation for all
type of distortions discussed in section 2.7. A matrix of six parameters is calculated to
transform the image (please refer to section 3. 3.4). In this technique the entire region of
interest is considered to calculate the transformation. The matching pixels are calculated
using interpolation, therefore it gives very precise values of the six parameters. The first
two parameters ap and a, are used for the translation (please refer to equation 2.33 and

2.34). The other 4 parameters as, aq, as, and ag are used to eliminate the rotational, scaling

- 67 -



skew or shear distortion. This approach gives fast and most precise registration (please
refer to Figure 4.16). For an image of size 957 x 957 the affine transformation approach
takes 288 sec. This is significantly lower than the pixel transformation approach, which
is 800 sec for an image of 400 x 400.

registered image after the transformation
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Figure 4. 16: The registered image using affine transformation approach.
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4.3 Restoration

After the registration of the recto and flipped verso images a restoration approach is
applied on the registered images. To achieve the best restoration different techniques are
applied (please refer to section 3.4). Before the restoration the best method of
registration is selected from the above discussed techniques of registration. Itis
concluded, that the ‘affine transformation with six parameters’ technique is best to
register the image more precisely. Therefore, all the samples used for the restoration are
registered using this approach and then different restoration techniques are applied on

them.

4.3.1 Comparing Pixel Intensity

This is a very simple approach applied on the registered image to restore the document,
(please refer to section 3.4.1). In this technique the pixel intensity of the same pixel on
both the images is compared and the show-through signal is eliminated. This approach
eliminates some show-through and also some of the desired signal (please refer to Figure
4.17). If there is a slight mismatch in the mapping, the pixel in the flipped verso is
writing but in the recro it is not the show-through, then it is possible that instead of
eliminating the show-through the desired signal is eliminated. On the other hand some
signal on the recto is show-through but not written verso and they are not eliminated.

The histogram of the image gives peaks at the same point but shows some missing pixels
in the image (please refer to Figure 4.18). The MSE (mean square error) between the

ideal recto and the restored recto image is calculated as 0.0320.

This approach gives very good results with precisely registered matched images, but
when the images are not mapped precisely the results are not satisfactory. To overcome
the problem of the mismatching in registration another approach is suggested in the

section 3.4.2
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Figure 4. 17: The restored image obtained by comparing pixel intensity
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histogram of the restored image using Pixel intensity approach
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Figure 4. 18: The histogram of the restored image

4.3.2 Neighborhood approach

This technique is based on the neighborhood operator whose output depends on the pixel
intensity of the neighboring pixel values as well. A neighborhood of 3x3 is selected each
time for the comparison (please refer to section 3.4. 2). This approach gives a good
restored image of the sample 1 (please refer to F igure 4.19). The histogram is close to
the histogram of the ideal image. The MSE for sample 2 is 0.0178.
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restored verso image using neighborhood appraoch
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Figure 4. 19: The restored recto image using neighborhood approach.
With the sample 2, based on the visual inspection the results are not as good, though the

MSE is 0.0136. This implies that the technique is not applicable for all kind of
documents. The histogram of the restored image is given in the Figure 4.20.
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histogram of the restored image using Neighborhood approach
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Figure 4. 20: The histogram of the restored image using Neighborhood approach

4.3.3 Comparing the ratio of Pixel Intensity

As described in section 3.4.3, this technique is based on the two possibilities when
comparing the pixel intensities in the recfo and flipped verso. This approach gives the

most optimum results with both of the samples (please refer to Figure 4.21 and 4.22).
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restored image using option [
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Figure 4. 21: The restored sample1 using option I
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Figure 4. 22: The sample 1 restored using the comparison of intensity ratio
For the subjective comparison the histogram of the restored sample 2 is shown in Figure

4.23 which is similar to the histogram of the ideal image shown in Figure 4.3. The MSE
calculated for both the samples are 0.0094 and 0.0178 respectively.
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histogram of the restored image using Comparing Ratio approach
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4.4 Discussion

Figure 4. 23: The histogram of the restored image

The results of the restored images using three different approaches are given in the table

4.1. These results are obtained using sample 1 and sample 2. For both the samples the

results are similar. As shown in the Table 4.1, the Mean Square error, MSEI, between

the restored and ideal image in sample 1 and the Mean Square error, MSE2, form the

sample 2.
S. No | Restoration Methods Results MSE1 | MSE2 | Time
(sec)
1. Comparing Pixel Intensity Not good 0.0095 }]0.0170 |10
2. Neighborhood approach Acceptable | 0.0071 ] 0.0136 | 134
3. | Comparing the ratio of Pixel Intensity Very Good | 0.0054 | 0.0092 |12

Table 4. 1: Table for comparing the results of the restored image using three approaches
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It is clear form the Table 4.1 that the third approach of comparing the ratio of pixel
intensity gives the good result and minimum MSE with both the samples.

The time required in each restoration technique is shown in the last column of the Table
4.1. Itis clear from the table, that neighborhood approach is the slowest approach when
compared to the other two approaches. The first approach, of comparing the pixel
intensity, is faster but does not give efficient result. The third approach, of comparing

the pixel ratio, is fast and also gives the best result.

Although time comparison is not a critical factor in ascertaining the best approach

because fast execution can be achieved using software other than Matlab.



Chapter 5 Conclusion

This concluding chapter outlines the results obtained from the research, and the
conclusion drawn from this study. This chapter concludes with the future aspects and the
work needed to be done to make the technique more appropriate for degraded documents
restoration is suggested. The work presented in this thesis is applied on the gray images

but in future the restoration can be applied to the color documents.

The objective of this thesis, to set up an approach for the restoration of the documents
degraded due to the show-through, has been achieved. The technique developed here is
efficient for the documents with writing, sketching, graphs or gray images.

The study was divided into two parts — the registration and the restoration technique. To
test the validity of the registration techniques the objective test was applied, this
generated the results for all the techniques discussed here. The most efficient technique
was selected on the basis of visual inspection, computational requirements and the
complexity of the method. Based on this analysis the affine transformation technique
with the calculation of six parameters is able to adjust for all types of possible distortions
during the scanning of the documents. This technique is much faster than the other three
registration techniques discussed here and it also gives the most efficient registration
required for the restoration of the documents. The registration effectiveness achieved by
this technique is sufficient to compensate for the distortion generated while scanning the

documents and therefore was applied for the restoration techniques.

_78_



The objective and subjective methods were applied to demonstrate the efficiency of each
restoration technique. The final suggested restoration method, comparing the ratio of
pixel intensity, was applied on different samples to prove the acceptance of the technique
which should be used for the restoration of the documents. This approach resulted in
visually better results than the other three approaches. The MSE calculated between the
restored and the ideal image is lower and the pattern of the histogram of restored image is
closest to the histogram of the corresponding ideal image. All these factors prove the

efficacy of the restoration technique suggested here.

This study provides only the simple method for the restoration of degraded gray
documents. This work excludes the color documents. The same comparison technique
of restoration can be applied to the color documents. If the same algorithm of restoration
is applied with the neighborhood operator, the result would be much better. Using
neighborhood approach in MATLBS.3 is very slow therefore some other environment,

such as C, C++, can be used to achieve a faster restoration.
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