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Abstract - With the increasing growth of technology and the entrance into the digital age, we have to
handle a vast amount of information every time which often presents difficulties. So, the digital
information must be stored and retrieved in an efficient and effective manner, in order for it to be put to
practical use. Wavelets provide a mathematical way of encoding information in such a way that it is
layered according to level of detail. This layering facilitates approximations at various intermediate
stages. These approximations can be stored using a lot less space than the original data. Here a low
complex 2D image compression method using wavelets as the basis functions and the approach to
measure the quality of the compressed image are presented. The particular wavelet chosen and used here
is the simplest wavelet form namely the Haar Wavelet. The 2D discrete wavelet transform (DWT) has
been applied and the detail matrices from the information matrix of the image have been estimated. The
reconstructed image is synthesized using the estimated detail matrices and information matrix provided
by the Wavelet transform.
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CHAPTER1
INTRODUCTION

However, many common classes of images do
not have the same statistical properties as
photographic images, such as fingerprints,
medical images, scanned documents and satellite
images. The standard wavelets used in image
coders often do not match such images resulting
in decreased compression or image quality.
Moreover, nonphotographic images are often
stored in large databases of similar images,
making it worthwhile to find a specially adapted
wavelet for them. Memory and bandwidth are
the prime constraints in image storage and
transmission applications. One of the major
challenges in enabling mobile multimedia data

services will be the need to process and
wirelessly transmit a very large volume of data.
While significant improvements in achievable
bandwidth are expected with future wireless
access technologies, improvements in battery
technology will lag the rapidly growing energy
requirements of future wireless data services.
One approach to mitigate this problem is to
reduce the volume of multimedia data
transmitted over the wireless channel via data
compression techniques. This has motivated
active research on multimedia data compression
techniques such as JPEG, JPEG 2000 and
MPEG. These approaches concentrate on
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achieving higher compression ratio without
sacrificing the quality of the image. However,
these efforts ignore the energy consumption
during compression and RF transmission. Since
images will constitute a large part of future
wireless data, the thesis aims on developing
energy efficient and adaptive image compression
and communication techniques. Based on
wavelet image compression, energy -efficient
multi-wavelet image transform is a technique
developed to eliminate computation of certain
high-pass coefficients of an image.
CHAPTER 11
PROPOSED METHOD

Haar Wavelet Transform In this chapter, our
purpose is to construct the Haar Wavelet basis
and use these basis to compress an image. The
Haar system is an orthonormal system on the
interval [0,1]. The Haar wavelet is a first known
wavelet which has an orthonormal basis. It is a
sequence of functions supported on the small
subintervals of length [0,1]. The Haar basis
functions are step functions with jump
discontinuities. The Haar wavelet transform is
used to compress one- and two- dimensional
signals. The material in this chapter is taken
from [3], [4], [6] and [9]. First, we discuss some
related definitions to the wavelets.

2.1 Haar Wavelet

The Haar wavelet is constructed from the MRA,
which is generated by the scaling function ¢ =
x[0,1)(x) for j,.k Z

1 0<x<1
e= 0  otherwise,
we can also define a family of shifted and

translated scaling function{¢j,k(x)}j,k Z by
0j,k(x) = 2j/2¢(2jx—k), and it is shown in 2.1

wwWw.ijiemr.org

Fig 2.1: Scaling Function or Father Wavelet
it is clear that

o(2x—k) = {1 k2 f<.x<(lc +1)2-4
0 otherwise.
This collection can be introduced as the system
of Haar scaling functions.
2.2 Haar Function
Let y(x) = %[0,1/2)(x)—y[1/2,1)(x) be the Haar
function,
1 0<x<1/2
y(x) = 1 1/2<x<1/2
0  otherwise.
For each j,k Zby translation and dilation we can
define
vik(x) = 2j/29(2jxk)
The collection {yj,k(x)}j,k Z is introduced as the
Haar system on R. The Haar scaling function
can be shown in the 2.2

Fig 2.2: Haar Scaling Function
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2.3 Properties of Haar Wavelet

Functions ¢j, k(x) and vyj, k(x) are supported on
the dyadic interval Ij, k = [k2—j,(k+1)2—j) since
for each j.k Z ¢j.k(x) = 2j/2y]j,k(x), and yj,k(t) =
212(xj+1,2k(x)—yIj+1,2k+1(x)). It means that
they are not vanish on Ij, k. The Haar system is
an orthonormal system on R.

Proof. Let j Zbe fixed, for any k,kO Z

0 kAN
g Njg =
e {1,,‘, k=K.

If k6= kO, then yj,k(t) andy;j,k0(t) are supported
on disjoint intervals. So

Wiyl >= ]R slWiele)=0
If k=K. then

<Wiple), Wyplr) >= / Vil)wjale) = / vl =1,

So the Haar system is an orthonormal system.
Now to show the orthonormality between scales,
suppose k,kO, j, JOEZ, with j6= jO. So there are
following possibilities: Ij,kNI[j,kO =¢@. It is
obvious that the product yj,k(x)yj0,k0(x) for all
X is zero. So

< Wia(x), Wy p(x) >= /lz Wi () Wy w0 (x)

Consider jO > j, and the intervals Ij,k and [j0,kO
are not disjoint, then Ij,k 2Ij0,k0. So Ij0.,kO
contains the first or second half of Ij,k. Hence,

<Yjul) Yy lx) >= // Vjulx)yp(x)dx= /1 Yjulx)dx=0
H i

The system{yk,j|j,kEZ}is complete in L2(R).
2.4 Wavelet Transformation of a Signal

Let us consider a signal f. For simplicity we will
consider f R8 (We can expand the procedure to
any finite dimensions,) so

wwWw.ijiemr.org

f=(cl,c2,c3,c4,c5,c6,c7,c8).
By the definition (3.5) we can represent f as

@)=Y <fiVix> Vi

JAEE

where < f,yj,k > are called the Haar wavelet
coefficients. So according to the definition (4.1)
and (4.2)

f =£1¢0,0+ 2y0,0+ 3y 1,0+ fAy 1,1+ f5¢2,0+
foy2,1+ f7y2,2+ f8y2,3,

I
fi =< [, >+ j J{x)guolx)dx
n
i | i
= /u ¢l + /l Qx4 / €y (x)ex

] 5
i i i '
' / gl ] ol ] ool / ol / iyl
i i i
R R R SR R R |

8

|
fr=<f,Wp> ]ullxM.n(xld.r

i i {
A ¢ Yoo(x)dr 4 ]* Cypolx)de4 /, CyWhp(x)dr
i

i i i i |
{ ﬁ CaWoplx)dr 4 ﬁ CsWop(x)dx 4 /‘ CoWho(x)dr 4 /I r¥o(x)dx f / eyWholx)dx
I | i |

(YRS RES R RS i A |
X

|
fi=<[\Wp>= /u [ (x)wy plx)dx
{ i i
L ¢ Y o(x)d /| A olx)de '/ CyW o)
i

{ { '
]i eV ple)de /uv..,u)du/ (mu(xldn/' um(x)d.u/irm“(.m!(

Crley-eyoy

8
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0 |
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I ) Al
L8[ =10 0 0 0 0 0f]es el
fs 00 1 <100 0 0]]e 0
h 00 0 0 1 <10 0]l ]
I 00 00 0 0 1 1 ey g
where

1 I T () N

11 1 1 <1 =] <] <l

| 11 <110 0 0 0

Ap==10 0 0 0 1 1 ~I ~l

8 =10 0 0 0 0 0

00 1 <10 000

00001 -100

00 0000 1 -l

The matrix AH is called the Haar transformation
matrix. Note that the first row corresponds to the
basis vector ¢0,0, the second row corresponds to
the basis vector y0,0, the third row corresponds
to the basis vector y1,0, and so on. The matrix
AH is the multiplication of the following three
matrices AH1, AH2 and AH3. The Haar wavelet
coefficients of these matrices can be obtained in
the similar way by using the Haar scaling
functions in appropriate dyadic interval.The
Haar system is an orthonormal system on the
interval [0,1]. The Haar wavelet is a first known
wavelet which has an orthonormal basis. It is a
sequence of functions supported on the small
subintervals of length [0,1]. The Haar basis
functions are step functions with jump
discontinuities. The Haar wavelet transform is
used to compress one- and two- dimensional
signals. The material in this chapter is taken
from [3], [4], [6] and [9]. First, we discuss some
related definitions to the wavelets.

wwWw.ijiemr.org

2.5 Reconstruction of the Image Matrix

The individual matrices A1,A2,A3 are invertible
because each column of these matrices that
comprise W is orthogonal to every other column.
Thus

1
W h=A7" AT AT,

By multiplying f3 with W—1, i.e f={3-W—1, we
can get the original vector or image matrix back.
As we have stated above, Haar wavelet does this
transformation to each column and then repeat
the procedure to each row of the image matrix.
This means that we have two transformations,
one  dimensional and  two-dimensional
transformation. We will discuss the Haar
transformed matrices by using the following
example.

Example 2.1. To describe the one- and two-
dimensional transformation, we consider an 8x8
image matrix. Let I is an original image matrix
given below

(90 84 76 67 59 55 60 65]
92 83 78 68 61 5S4 59 68
92 80 73 68 62 56 62 71
91 81 73 66 62 59 66 68
89 80 72 68 63 65 68 71
87 77 71 68 64 70 68 76
84 79 72 70 66 71 73 77
85 81 77 76 73 76 73 75

First, we will describe the one-dimensional
transformation by wusing the transformation
matrix W and then the two-dimensional
transformation.

One Dimensional Transformation In one
dimensional transformation, first we transform
the columns which is called column transformed
matrix. Since W = A3-A2-Al, by multiplying W
and I we get
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Q=W
88,7500 80.6250 74,0000 68,8750 63.7500 63,2500 66.1250 71.3750 7

25000 13750 10000 ~16250 ~2.7500 ~1.2500 43750 ~33750
02500 15000 20000 02500 ~1.0000 15000 22500 15000 | [
()= | 17500 01750 -1.900 25000 .00 30000 2.0 180 | = | |

10000 05000 1,000 05000 -1.0000 05000 05000 15000 |D)
05000 05000 0 100 0 15000 20000 15000
L0 15000 0500 0 0500025000 0 -25000
0,500 1,000 ~2.5000 - 3,000 -3.5000 25000 01,0000 .

Hence Q is the column transformed matrix. It
contains two blocks A and D. The first block of
Q contains approximation coefficients, and
second block contains detailed coefficients.
Two-Dimensional Transformation After getting
Q, we perform the averaging and differencing to
the rows of Q. For this, we first take the
transpose of the matrix W and then multiply it
by the matrix Q. This yield

T=w-1.w"
o-w',

The transformed matrix T is also called row-and-
column transformed matrix. So T is the matrix
which will be used for Haar compression and it
has only one approximation n coefficient. We
can calculate the column-row transformed
matrix of any size by the procedure described
above. We can get back the original image
matrix from the row-andcolumn transformed
matrix. By taking the inverse of (5.4), we can get
the matrix I which is our original image matrix.

I=w'.T7.(W)\.

CHAPTER III
RESULT
In this research, an efficient compression
technique based on discrete wavelet transform
(DWT) 1is proposed and developed. The

wwWw.ijiemr.org

algorithm has been implemented using Visual
C++. A set of test images (bmp format) are taken
to justify the effectiveness of the algorithm.
shows a test image and resulting compressed
images using JPEG, GIF and the proposed
compression methods. The normalized version
of the Haar wavelet offers greater compression,
and yields better looking results compared to the
standard one. This is due to the properties of
orthogonal  matrices.  The  variant that
implements loops to perform the normalization
in the Haar wavelet transformation process is
better in terms of algorithm complexity
compared to the variant that generates the
required Haar matrices and performs matrix
multiplication. Throughout this project, we
focused on the Haar wavelet transform as a
window to better understanding the different
compression processes since they boil down to
the same essence. Thus, this research and
implementation have been useful in terms of
gaining a lot of insight into the field of image
compression and its application of mathematical

concepts.

Hetogton of Comprmvand mage

Mvtogram of Original image :
|
1

Fig 3.1: original image size is 55784 Bytes Fig
3.2: compressed image size is 45739 Bytes
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CHAPTER 1V

CONCLUSION
A new image compression scheme based on
discrete wavelet transform is proposed in this
research which provides sufficient high
compression ratios with no appreciable
degradation of image quality. The effectiveness
and robustness of this approach has been
justified using a set of real images. The images
are taken with a digital camera (OLYMPUS LI-
40C). To demonstrate the performance of the
proposed method, a comparison between the
proposed technique and other common
compression techniques has been revealed. From
the experimental results it is evident that, the
proposed compression technique gives better
performance compared to other traditional
techniques. Wavelets are better suited to time
limited data and wavelet based compression
technique maintains better image quality by
reducing errors. The future direction of this
research is to implement a compression
technique using neural network.
FUTURE SCOPE
Some of the research directions that may stem
from the work presented in this thesis can be
outlined as follows:
The principles of the proposed approaches can
be applied to develop effective fractal-based
techniques that are capable of performing
compression of images. The proposed methods
can be further investigated for colour image
compression. The proposed concepts can be
applied to develop Region Of Interest (ROI)
coding of images. Dependencies between
wavelet coefficients are often stronger in over
complete wavelet image representations than in
orthonormal wavelet representations. Image

wwWw.ijiemr.org

compression using over complete wavelet
domain may be an interesting topic to work
further. Proposed still image compression
methods may be extended to video compression
Application of proposed Lifting based concepts
can be extended to other image processing
techniques like 1image denoising, image
enhancement, object detection and image
retrieval. Thus, the proposed concepts may be
used and future research work can be extended
further.
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