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ABSTRACT

The Project work aims at compressing a monochrome image using Discrete
Cosine Transform(DCT) and Discrete Wavelet Transform(DWT). The results of
compression are compared to find the efficient transforming technique for the
images.

In DCT, the input image is divided into blocks and DCT is applied for each
block. By using Butterworth filter, filtering is done to reduce noise. The output of
the filter is the codebook using which quantization is done. The position of the
minimum values are taken and the index matrix is formed. This matrix is

s d. During decc ion, the original image is reconstructed by

P P

applying inverse DCT.

In DWT, eight level decomposition is applied to the input image using Haar
filter. As a result four coefficients namely, approximation, horizontal, vertical and
diagonal are obtained as a matrix. The matrix is divided into blocks and DWT is
applied for each block to get the codebook. Then quantization is done. The index
matrix is formed and it is compressed. During decompression, the original image

is reconstructed by applying inverse DWT.
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1. INTRODUCTION

Uncompressed data requires considerable storage capacity and transmission
bandwidth. Despite rapid progress in mass-storage density, processor speeds, and

digital communication system performance, demand for data storage capacity and

data-transmission bandwidth continues to outstrip the capabilities of available

technologies. The recent growth of data intensive multimedia-based web
applications have not only sustained the need for more efficient ways to encode
signals and images but have made compression of such signals central to storage

and communication technology.

1.1 Existing System

The discrete cosine transform (DCT) helps separate the image into parts
(or spectral sub-bands) of differing importance (with respect to the image'’s
visual quality). It transforms a signal or image from the spatial domain to the

frequency domain

Despite all the advantages of compression schemes based on DCT
namely simplicity, satisfactory performance, and availability of special purpose
hardware for implementation, these are not without their shortcomings. Since
the input image needs to be “blocked," correlation across the block boundaries
is not eliminated. This results in noticeable and annoying ““blocking artifacts"
particularly at low bit rates. The image quality degrades because of the

artifacts.
Disadvantages of DCT

o Only spatial correlation of the pixels inside the single 2-D block is
considered and the correlation from the pixels of the neighboring

blocks is neglected

LIST OF ABBREVIATIONS

SRS - Software Requirement Specification
DWT - Discrete Wavelet Transform

DCT - Discrete Cosine Transform

PSNR - Peak Signal to Noise Ratio

o Impossible to completely decorrelate the blocks at their boundaries
using DCT

o Undesirable blocking artifacts affect the reconstructed images or
video frames. (high compression ratios or very low bit rates)

o Scaling as add-on additional effort

o DCT function is fixed can not be adapted to source data

o Does not perform efficiently for binary images (fax or pictures of
fingerprints) characterized by large periods of constant amplitude
(low spatial frequencies), followed by brief periods of sharp

transitions
1.2 Proposed System

Over the past several years, the wavelet transform has gained
widespread acceptance in signal processing in gemeral, and in image
compression research in particular. In many applications wavelet-based
schemes (also referred as subband coding) outperform other coding schemes
like the one based on DCT. Wavelet transform decomposes a signal into a set

of basis functions. These basis functions are called wavelets

Wavelet coding schemes avoid blocking artifacts. Wavelet-based
coding is more robust under transmission and decoding errors, and also
facilitates progressive transmission of images. Because of their inherent
multiresolution nature, wavelet coding schemes are especially suitable for

various applications.

Wavelet-based coding on the other hand provides substantial
improvement in picture quality at low bit rates because of overlapping basis
functions and better energy compaction property of wavelet transforms.

Because of the inherent multiresolution nature, wavelet-based coders facilitate



progressive transmission of images thereby allowing variable bit rates.

scalability and tolerable degradation are important.

Advantages of DWT

o

No need to divide the input coding into non-overlapping 2-

D blocks, it has higher compression ratios avoid blocking

artifacts.

o Allows good localization both in time and spatial frequency
domain.

o Transformation of the whole image introduces inherent

scaling

[¢}

Better identification of which data is relevant to human
perception higher compression ratio
Higher flexibility

o

2.3 Software Requierment Specification
2.3.1 Introduction
2.3.1.1 Purpose
The purpose of this document is to specify the requirements of
project “Image Compression Using DCT and DWT “. It describes the
interfaces for the system.
2.3.1.2 Scope
SRS forms the basis for agreement between the client and the
supplier and what the software product will do. It also provides a reference
for the validation of the final project.
Any changes made to the SRS in the future will have to go through
formal change approval process.
2.3.2 Abbreviation
SRS - Software Requirement Specification
DWT - Discrete Wavelet Transform
DCT - Discrete Cosine Transform
PSNR - Peak Signal to Noise Ratio
2.3.3 Intended Audi and Reading Suggestions

The document is mainly intended for developers, users, documentation

writers and project managers. The information can be understood correctly
and easily by start reading from the project scope.
2.3.4 Perspective Overall Description
2.3.4.1 Product
This product tells about the concepts of DCT and DWT. This also
gives better understanding about the processes of image compression and

decompression.

2. SYSTEM REQUIREMENT ANALYSIS

2.1 Project Definition

The project “Image Compression Using DCT and DWT” aims in
reducing the size of the input image using DCT and DWT concepts. This is
used to reduce the bandwidth consumption and increase the speed of the

network through which the image is transferred.

2.2 Project Plan

The requirement phase deals with the sequence of activities in
producing the Software Requirement Specification (SRS) document. It must be
ensured that all the requirements of the software are elicited and analyzed. In
other words the needs of the system are identified.

In the problem analysis phase, the current system is analyzed by
study of the existing materials and the changes to be made in the proposed
system are decided upon. A clear understanding of the needs of the system
must be framed that leads to actual specification. MATLAB is selected as the

most suitable I for the impl ion of the project.

After the analysis phase, the design phase commences in which the
various modules and functionalities are identified. The complete system flow
of control and data are identified and depicted in the form of diagrams.

Next the implementation phase is taken care of in which the design
is translated into code. Each module is coded separately and finally integrated
to form the entire system. Care is taken to make the code easily understandable
by future users.

In the testing phase each module is tested thoroughly and finally
the integrated modules are tested together to ensure the correct working of the
entire system. Testing is also done to ensure that the product satisfies the

specified requirements and set criteria.

2.3.4.2 Product Features

This project achieves the following goals
o Better clarity

Scalability

© Minimum data loss

el
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Reduces bandwidth usage
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Increases transmission speed

2.3.5 Operating Environment

Hardware Specification

Processor : Pentium IV 2.4 Ghz
Ram : 128 MB

Hard Disk Drive : 20GB

Software Specification

Operating System : Windows 2000
Software : MATLAB 6.5

2.3.6 Design and Implementation Constraints

There are mot any specific items or issues that will limit the options
available to the developers.
23.7A ptions and Depend

The product is developed assuming that bandwidth consumption is more
and the speed of the network goes slow. Compression of the image is

therefore necessary before sending it through the network.



3. SYSTEM STUDY

31DCT

DCT is an important achievement for the research community
working on image compression. The DCT can be regarded as a discrete-time
version of the Fourier-Cosine series. It is a close relative of DFT, a technique
for converting a signal into elementary frequency components. Thus DCT
can be computed with a Fast Fourier Transform (FFT) like algorithm in O(n
log n) operations. Unlike DFT, DCT is real-valued and provides a better

approximation of a signal with fewer coefficients.

The discrete cosine transform (DCT) helps separate the image into
parts (or spectral sub-bands) of differing importance (with respect to the

image's visual quality).

3.1.1 Spatial to Frequency Conversion of DCT

i) | F{uv)
DCT;_

3.2DWT

Wavelet transform decomposes a signal into a set of basis functions.
These basis functions are called wavelets Wavelets are obtained from a single

prototype wavelet y(z) called mother wavelet by dilations and shifting

The wavelet transform is computed separately for different segments

of the time-domain signal at different frequencies. Multi-resolution analysis:

3.2.2 DECOMPOSITION - Example :

ml 1kl
1l
Uik
hl
[ty 1lhh
It hh

L ]

By reading from left to right, I or h letters tell us, we can see which filter was

used for the analysis; with this convention the sub-images with two letters
correspond to the first level of decomposition, the ones with 4 letters to the

second level and so on.
3.3 Process

In DCT, the input image is resized into 256 x 256 and the image is
divided into uniform blocks of size 8 x 8. DCT is applied to each of the blocks
to get the image coefficients. Butterworth filter is then applied to the obtained
coefficients. The result of which is then restructured to the size of 150. This is
the old codebook. The restructuring size is taken as 150 because if the size is
reduced further data loss occurs and the inclusion of values greater than this
does not make any difference in the output. Butterworth filter is applied as it
gives flat response. The new codebook is generated by repeating the same
block process. Comparing the two codebooks the position of the minimum
values are found and are put in the index matrix. Quantization process is then

applied which gives the compressed image. The original image is reconstructed

analyzes the signal at different frequencies giving different resolutions MRA
is designed to give good time resolution and poor frequency resolution at
high frequencies and good frequency resolution and poor time resolution at
low frequencies Good for signal having high frequency components for short
durations and low frequency components for long duration.e.g. images and

video frames

3.2.1 Decomposition

by applying inverse DCT to the compressed image. PSNR value is calculated

which depicts the clarity of the reconstructed image.

In DWT, the input image is resized into 256 x 256. Eight level
decomposition is performed using the haar filter to obtain the four coefficients
namely, approximation, horizontal, vertical, diagonal. A 256 x 256 matrix is
formed as a result of this decomposition. The resultant matrix is divided into
uniform blocks of size 8 x 8. DWT is applied to each of the blocks to get the
image coefficients. The result of which is restructured to the size of 100. This
is the old codebook. The new codebook is generated by repeating the same
block process. Comparing the two codebooks the position of the minimum
values are found and are put in the index matrix. Quantization process is then
applied which gives the compressed image. The original image is reconstructed
by applying inverse DWT to the compressed image. PSNR value is calculated

which depicts the clarity of the reconstructed image.

By using the PSNR value and the image size before and after compression,
DCT and DWT methods of compression are compared to know which of these
two methods is better.

3.4 MATLAB - A CURTAIN RAISER

MATLAB is a high-performance language for technical computing. It

integrates computation, lization, and progr in an casy-to-use

environment where problems and solutions are cxpressed in familiar

mathematical notation.

10
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Typical uses include:
o Math and computation
o Algorithm development
o Modeling, simulation, and prototyping
o Data analysis, exploration, and visualization

Q £

o ic and ing

Application development, including graphical user interface
building

o

MATLAB is an interactive system whose basic data element is an
array that does not require dimensioning. This allows to solve many technical
computing problems, especially those with matrix and vector formulations, in
a fraction of the time it would take to write a program in a scalar
noninteractive language such as C or Fortran. The name MATLAB stands for
MATrix LABoratory.

MATLAB has evolved over a period of years with input from many
users. In university environments, it is the standard instructional tool for
introductory and advanced courses in mathematics, engineering, and science.
In industry, MATLARB is the tool of choice for high-productivity research,

development, and analysis.

MATLAB features a family of application-specific solutions called
toolboxes. Very important to most users of MATLAB, toolboxes allow to
learn and apply specialized technology. Toolboxes are comprehensive
collections of MATLAB functions (M-files) that extend the MATLAB
environment to solve particular classes of problems. Areas in which
toolboxes are available include signal processing, control systems, neural

networks, fuzzy logic, wavelets, simulation and many others.

11

4.SYSTEM DESIGN
4.1 PROCESS DESIGN
DCT MAIN:

LOAD INPUT
IMAGE

RESIZE IMAGE
BLOCK
SEPARATION

RESTRUCTURE CODEBOOK
(OLD CODEBOOK})

LOAD
CODEBOOK

MATLAB is a high-level language and interactive environment that
enables to perform computationally intensive tasks faster than with
traditional programming languages such as C, C++, and FORTRAN.
MATLAB can be used in a wide range of applications, including signal and
image processing, communications, control design, test and measurement,
financial modeling and analysis, and computational biology. Add-on
toolboxes (collections of special-purpose MATLAB functions, available
separately) extend the MATLAB environment to solve particular classes of

problems in these application areas.

MATLAB provides a number of features for documenting and sharing
our work. MATLAB code can be integrated with other languages and
applications and be distributed.

Key Features

o High-level language for technical computing

o Development environment for managing code, files, and
data

o Interactive tools for iterative exploration, design, and
problem solving

o Mathematical functions for linear algebra, statistics, Fourier
analysis, filtering, optimization, and numerical integration

o 2-D and 3-D graphics functions for visualizing data

o Tools for building custom graphical user interfaces

o Functions for integrating MATLAB based algorithms with
external applications and languages, such as C, Ct+,
Fortran, Java, COM, and Microsoft Excel

BLOCK SEPARATION:

u
=S
'
e

!

!

52
o2

APPLY BUTTERWORTH

LOW PASS FILTER
RETURN
(CODEBOOK)

14



QUANTISATION:

I QUANTISATION

BLOCK SEPARATION
(NEW CODEBOOK)

FINAL CODEBOOK
GENERATION
I RETURN

DWT MAI

START

LOAD INPUT IMAGE

RESIZE IMAGE

APPLY HAAR FILTER

WAVELET DECOMPOSITION
(DECOMPOSED IMAGE VECTOR)

BLOCK SEPARATION

7

RESTRUCTURE CODEBOOK '

(OLD CODEBOOK)

RECONSTRUCTION:

. RECONSTRUCTION
D
APPLIED

RETURN
(RECONSTRUCTED
IMAGE)

PSNR CALCULATION:

BLOCK SEPARATION:
BLOCK
SEPERATION
Repeat it
for the DIVIDE INTO
whole BLOCKS
image

RETURN
(CODEBOOK)



QUANTISATION:

QUANTISATION
BLOCK SEPARATION
(NEW CODEBOOK)

INDEX MATRIX

GENERATION

FINAL CODEBOOK

GENERATION

19

5. PRODUCT TESTING

Testing can be separated into Verification & Validation and Functional &

Structural testing.

5.1. UNIT TESTING
The testing of a single program, module or code. Each module of our

project were executed separately and checked for the correct working of the
module. The block separation module divides the given input image into
blocks of same size. In the quantization module the appropriate filter is used
to get the image components. The reconstruction module reconstructs the
original image from the compressed one without any change in the clarity of
the image. The modules were tested separately and the intended output for

the modules were obtained.

5.2. VERIFICATION
Verification methods are used to ensure the system(software,
hardware) compiles with an organization standard and processes relying on

review. In our system the modules were tested for correct functionality.

5.3. VALIDATION TESTING
Validation ensures that the system operates according to the plans by

executing real-life function. Validation is done for the modules.

5.3.1. Block Separation Module Validation
Block separation module takes the resized image as input and
divides the image into blocks of same size. If the image does not exist

then the corresponding error message is displayed.

21

RECONSTRUCTION:

RECONSTRUCTION

RETURN
(RECONSTRUCTED
IMAGE)

PSNR CALCULATION:

PSNR
CALCULATION

CALCULATE PSNR

DISPLAY PSNR
VALUE

20

5.3.2. Quantization Module Valid
The output of the block separation module is taken as input and

the appropriate filter is applied to get the image components which are
then quantized. If the input blocks are not of appropriate size then the
corresponding error message is displayed. If the suitable filter is not

applied then the corresponding error message is displayed.

533.R uction Module Valid

The compressed image is taken as input and the original image is
reconstructed. The reconstruction process should be just the inverse of

the compression process, if not error is displayed.

5.4. INTEGRATION TESTING

The testing of related modules, program, validates that multiple parts
of the system interact according to the plan. The various modules in our
project are integrated, such that block separation, quantization and
reconstruction are done correctly without any change in the clarity of the

image.

5.5. FUNCTIONAL AND STRUCTURAL TESTING

5.5.1. Functional Testing

Functional testing is called Black Box Testing because of no
knowledge. They verify all validation tests and inspect how the
system performs. Each module is tested for expected output, without
tracing the path of the code. Block separation module takes the
image as input and divides it into blocks. Quantization module takes
the blocks as input and gives the quantized image as output. The
reconstruction module takes the compressed image as input and

gives the original image as output.

22



5.5.2. Structural Testing 6. FUTURE ENHANCEMENT

Structural testing is called White Box Testing because the In the proposed system, only monochrome image is applied for
internal logic of the system is known. In our project, the block compression. This project can be extended for color images and video.
separation, quantization and reconstruction of image according to the
correct format is tested by tracing the code structurally .The
validation of the input file, image size validation, block size
validation, components validation and reconstructed image

validation are all done in structural testing.

5.6. BLACK BOX TESTING

The purpose of black box testing is to check out the inputs and the
expected output for the system. The input is a bmp or jpg file that is to be
compressed. The output is the reconstruction of the original image from the

compressed image.

5.7. WHITE BOX TESTING

The purpose of white box testing is to check out whether the logical
operation of the system works well. Here the processing of the input is
considered. A threshold frequency is set and the values which are lower than
this limit are made to zero and the values higher than the threshold values are
considered for compression. The decompression operation involves the
inverse of the compression operation. This is done for the proper

reconstruction of the original image.
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7. CONCLUSION 8. APPENDIX

The compression method using DCT is used in many applications but still it

has many disadvantages: clarity of the reconstructed image is poor as the PSNR 8.1 SOURCE CODE

value is 7.13dB, high compression of the input image leads to data loss, the input DCT

image is not highly compressed. The file size of the original image is 192KB and Main:

that of compressed image is 65KB. All these disadvantages can be overcome by clear;

using DWT : the clarity of the reconstructed image is better than using DCT as the fégfielzlnl;;

PSNR value is found to be high of 25.16dB , data loss duc to high compression of X=lena;

the input image is not as high as in the case of using DCT for compression, the g:iﬁ:seﬁs;ize(x,[w dwd])y;

input image is highly compressed. The file size of the original image is 257KB imagl=Z;
wdl=size(imagl,1);

and that of compressed image is 65KB. wd2=size(imag],2);

book1=block(imag1,16,16);
% Code Book Formation
a=book1(1:150);
b=a;
% Initial Code Book
fori=1:2
b=LBGforimage(a,imagl);
a=b;
end
save codebook.mat b;
load codebook;
% Compression of Image
imax=length(book1);
N=length(b);
for i=1:imax
datablock=book1(i).data;
dist=[ };
for j=1:N;
v=b(j).data;
S=sum(sum((datablock-v)."2));
dist=[dist S];
end
[y,ind]=min(dist);
Q(i)=ind;
end
%Decompresssion of Image
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imax=length(Q);

t'inal:zeros(wdl,de);

for i=1:imax

final=reconstruct(final,i,b,Q(i));

end

figure,imshow(final);
imwrite(final,'decom.bmp’);
psnrval(im2d0uble(uintS(final)),imZdouble(X));

Block:

function r=block(y,xw,yw)

% Design Of Butterworth Low Pass Filter

[n,Wn] = buttord(.l,.99999,1,2);

[b,a] = butter(n,Wn);

xmax=size(y,1);

ymax=size(y,2);

imax=xmax/xw;

jmax=ymax/yw;

for i=1:imax
for j=1:jmax

k=k+1;

x(k).data:y(((i—l)*xw+1):i*xw,((j—1)*yw+1):j *yw);

% Applying DCT
d(k).data=dct(x(k).data);
% Low Pass Filtering
r(k).data=filter(b,a,d(k).data);

end

end

return

27

Reconstruct:

function imager:reconstruct(imagei,index,cudebook,cindex)

imager=imagei;
wdl=size(imagei,1);
wd2=size(imagei,2);
bl=size(codebook(1).data,1);
b2=size(codebook(1).data,2);
pl=wdl/bl;
t1=mod(index,p1);
if t1==0 t1=p1; end
if mod(index,p1)~=0
2=fix(index/p1)+1;
else
t2=fix(index/p1);
end
imager(((t2-1)*b1+1):2*b1,((t1-
1)*b1+1):t1*b1)=idct(codebook(cindex).data);
return

psnrval:

function psnrval(A,B)
%input image
error= A - B;

decibels = 20*log10(1/(sqri(mean(mean(error."2)))));

disp(sprintf(PSNR = +9%5.2f dB',decibels))

29

LBGforimage:

function newcodebook = LBGforimage(oldcodebook,u)
C=oldcodebook;
N=length(C);
k=size(C(1).data);
%N is the size of the codebook
%k is the dimension of the quantizer
M=block(u,k(1),k(2));
m=length(M);
%m. is number of blocks in training sequence
for i=1:m;
datablock=M(i).data;
dist=[ ];
for j=1:N;
v=C(j).data;
S=sum(sum((datablock-v)."2));
dist=[dist S;
end
[y,ind]=min(dist);
Q(i)=ind;
end

r=(Q==j1);
if length(r)>0
imax=length(r);
sum1=0;

if r(i)==1
sum1=sum1+M(i).data;
end
end
C(j1).data=sum1/sum(r);
else
end
end
newcodebook=C;

28

DWT

Main:

clear all;

close all;

cle;

warning off;

%image compression

lena=imread(lena.bmp);

sd=size(lena);

if(size(sd,2)==3)
lena=rgb2gray(lena);

end

wd=256;

lena=imresize(lena,[wd wd]);

im=double(lena);

[nRow nColumn]=size(lena);

%level of decomposition

level=8;

type = 'haar’;

[Lo_D,Hi_D,Lo_R,Hi_R]=wfilters(type);

[im_d, Sm] = f DWT(im,level,Lo_D,Hi_D);

fprintf(’'\n wavelet decomposition is completed;

Z=im_d;

imagl=Z;

wdl=size(imag1,1);

wd2=size(imag1,2);

book1=block(imag1,8,8);

% Code Book Formation

a=book1(1:100);

% Initial Code Book

for i=1:10

b=LBGforimage(a,imag1);

a=b;

end

save codebook.mat b;

% Compression of Image
imax=length(book1);
N=length(b);
for i=1:imax
datablock=book1(j).data;
dist=[ );
for j=1:N;
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v=b(j).data;
S=sum(sum((datablock-v)."2));
dist=[dist S];
end

[y,ind]=min(dist);

Qi)=ind;

End

%Decompresssion of Image
Yload woman;
imax=length(Q);
final=zeros(wd1,wd2);

for i=1:imax
final=reconstruct(ﬁnal,i,b,O(i));
end

G- Wavelet Reconstruction  -----------—---
imr = f_InvDWT(final, Sm, Lo_R, Hi_Rlevel);
fprintf(\n wavelet reconstruction is completed \n');
imwrite(uint8(imr),'decom.bmp’);
psnrval(im2double(uint8(imr)),im2double(lena));
figure,imshow(lena);

title(‘input image’);

figure,imshow(uint8(im_d));

title(" wavelet decomposed image’);
figure,imshow(uint8(final));

title(" vetor quantization decompressed image');
figure,imshow(uint8(imr));

title(‘output image’);
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Block:

function x=block(y,xw,yw)
xmax=size(y,1);
ymax=size(y,2);
imax=xmax/xw;
jmax=ymax/yw;
k=0;
for i=1:imax
for j=1:jmax
k=k+1;
x(k).data=y(((i-1)*xw+1):i*xw,((j-1)*yw+1):j*yw);
end

end
return

LBGforimage:

function newcodebook = LBGforimage(oldcodebook,u)
C=oldcodebook;
N=length(C);
k=size(C(1).data);
%N is the size of the codebook
%k is the dimension of the quantizer
M-=block(u,k(1),k(2));
m=length(M);
%m is number of blocks in training sequence
for i=1:m;
datablock=M(i).data;
dist=[ |;
for j=1:N;
v=C(j).data;
S=sum(sum((datablock-v)."2));
dist=[dist S];
end
[y,ind]=min(dist);
Q(i)=ind;

end

for j1=1:N;
r=(Q==j1);
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£ DWT:
function [I W, S] = f_ DWT(, level, Lo_D, Hi_D};

% Wavelet decomposition

%

% input: 1:input image

% level : wavelet decomposition level

% Lo_D : low-pass decomposition filter

% Hi_D : high-pass decomposition filter
%

% output: I_W : decomposed image vector

% S : corresponding bookkeeping matrix
%

[CS]= wavedec2(Llevel,Lo_D,Hi_D};

S(;3) = S(:,1).*S(:,2); % dim of detail coef nmatrices
L = length(S);

LW = zeros(S(L,1),S(L.2));

% approx part
L W(1:8(1,1), 1:5(1,2) ) = reshape(C(1:5(1,3)),5(1,1:2));

fork=2:L-1
rows = [sum(S(1:k-1,1))+1:sum(S(1:k,1))];
columns = [sum(S(1:k-1,2))+1:sum(S(1:k,2))];
% horizontal part
c_start = S(1,3) + 3*sum(S(2:k-1,3)) + 1;
¢_stop = S(1,3) + 3*sum(S(2:k-1,3)) + S(k,3);
L W(1:S(k,1), columns ) = reshape( C(c_start:c_stop) S(k,1:2));

% vertical part

c_start = §(1,3) + 3*sum(S(2:k-1,3)) + S(k,3) + 1;

¢_stop = §(1,3) + 3*sum(S(2:k-1,3)) + 2*S(k,3);

L W(rows, 1:5(k,2) ) = reshape( C(c_start:c_stop) , S(k,1:2) );

% diagonal part

c_start = S(1,3) + 3*sum(S(2:k-1,3)) + 2*S(k,3) + 1;

c_stop = §(1,3) + 3*sum(S(2:k,3));

L W(rows , columns ) = reshape( C(c_start:c_stop) , S(k,1:2) );
end
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if length(r)>0
imax=length(r);
sum1=0;
for i=1:imax
if r(i)==
suml=sum1+M(i).data;
end
end
C(j1).data=sum1/sum(r);
else
end
end
newcodebook=C;

Reconstruct:

function imager=reconstruct(imagei,index,codebook,cindex)
imager=imagei;
wd1=size(imagei,1);
wd2=size(imagei,2);
bl=size(codebook(1).data,1);
b2=size(codebook(1).data,2);
pl=wd1/bl;
t1=mod(index,p1);
if t1==0 t1=p1; end
if mod(index,p1)~=0
t2=fix(index/p1)+1;
else
t2=fix(index/p1);
end
imager(((t2-1)*b1+1):t2*b1,((t1-1)*b1 +1):t1*b1)=codebook(cindex).data;
return
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f InvDWT: G = [
function im_rec = f_InvDWT(_W, S, Lo_R, Hi_R, level); im_rec = waverec2(C1,S, Lo_R, Hi_R);

% Inverse wavelet decomposition

%

% input: 1_W : decomposed image vector

% S : corresponding bookkeeping matrix .

% Lo_D : low-pass decomposition filter psarval:

% Hi_D : high-pass decomposition filter .

% level : wavelet decomposition level E/la’s:;:ﬂnirgzr;eval(A’B)

Z out: i . struted i error = A - B;

zyz output: im_rec : reconstruted image decibels = 20*logl0(1 /(sqrt(mean(mean(erron"2)))));
L = length(S); disp(sprintf(PSNR = +%5.2f dB' decibels))
m=IW;

C1 = zeros(1,S(1,3)+3*sum(S(2:L-1,3)));

% approx part
C1(1:5(1,3)) = reshape( m( 1:5(1,1) , 1:5(1,2) ), 1, S(1,3) );

fork=2:L-1

rows = [sum(S(1:k-1,1)}+1:sum(S(1:k,1))];

columns = [sum(S(1:k-1,2))+1:sum(S(1:k,2))];

% horizontal part

c_start = S(1,3) + 3*sum(S(2:k-1,3)) + 1;

c_stop = S(1,3) + 3*sum(S(2:k-1,3)) + S(k,3);

Cl(c_start:c_stop) = reshape( m( 1:S(k,1) , columns ), 1, ¢_stop-
c_start+1);

% vertical part

c_start = S(1,3) + 3*sum(S(2:k-1,3)) + S(k,3) + 1;

c_stop = S(1,3) + 3*sum(S(2:k-1,3)) + 2*S(k,3);

Cl(c_start:c_stop) = reshape( m( rows , 1:5(k,2) ), 1, c_stop-c_start+1

% diagonal part

c_start = S(1,3) + 3*sum(S(2:k-1,3)) + 2*S(k,3) + 1;

c_stop = S(1,3) + 3*sum(S(2:k,3));

Cl(c_start:c_stop) = reshape( m( rows , columns ) , 1, c_stop-c_start+1);
end

if ((L-2)>level) %set those coef. in higher scale to 0
temp = zeros(1, length(C1) - (S(1,3)+3*sum(S(2:(level+1),3))));
C1(S((level+2),3)+1 : length(C1)) = temp;

end
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8.2 SAMPLE OUTPUT OUTPUT IMAGE

beT
File . Edit. View - Insert - Tools Window Help

ORIGINAL IMAGE DeaadxaAr, 2P0

J Figuie No 1 [ZT5Tx]
e Edt View Inset Tools Window Help

hhege xar/@2pn

input image
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SCREEN DISPLAYING PSNR VALUE

1 MATLAB = - ]
Fle Edt Yew Web Wndow tep FILE SIZE OF ORIGINAL IMAGE

oot %9 CurertDiectory: {E\codevict com ¥ _! lena Prapertie [Z1=]

6o ,, ] : P —
R T
: Using Toolbox Path Cache. e "
g ] " -
To get started, select “MATLAB He
Type: ACDSee BMP Image
> PSHR = + 7.13 &b Loeation: . C:Afinal codeldct com
» Size: 192KB {196,652 bytes), 200,704 bytes used
[+] decon.bup P
Buctormegen 4t MS-DOS narre: - LENABMP
1
[ tena.bup BHP - Created: Thursday, Apri 06, 2008 7:48:35 PM
lena.nat - Modifed: Thuiesday, Apr 06, 2006 7:49:38 PM
Bosuval.a . 238 Accessed: Sunday, Apil 23, 2006
Leconstiuct.a Bfiv
« 3 ] Attributes:
~LoT orspare_curentpied | »

4 Start
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FILE SIZE OF COMPRESSSED IMAGE DWT
T ORIGINAL IMAGE

decom Prop

General | Vius Propery |

4 Figuie No 1 B [= B3
‘@'} dscon R Fle Edt- View Iriset. Tooks Window ‘Help
D@ yA2/ BoO
Tope: ACDSes BMP Image:

Location: C:final codehdct com

Sizer 65.0K8 /(66,514 bikes), BI.632 bytes used
MS-DOS name: - DECOM:BMP

Created: Sunday; Apid 23, 2006 10.20:39 PM -
Modifiect . Sinday; Apl 23; 2006.10:20:40 PM

Accessed: Sunday. Api 23, 2006

input image

Attrbutes:
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WAVELET DECOMPOSED IMAGE

J Drqure No. 2 5[] B

Flle' “Edit “View Irisert "Tooks Window Help

D@8y A A, 2o

wavelet decomposed image

VECTOR QUANTIZATION DECOMPRESSED IMAGE

3 Figute No
File. Edit

loeaa/xar,  o5n

vetor quantization decompressed image

OUTPUT IMAGE

J Figure No 4 - 10]x]

Eile “Edit View Inseit. Took Window ~ Help

InDed@& A /s 2o

output image
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SCREEN DISPLAYING PSNR VALUE

<} MATLAB

Fle £t Yew Web Window Hep

D& <3 ou | BT 9 CurertDrectory. Ebaﬂtwoom'_.;[!

21 |
Er\code ¥ J =3 ) ‘ 4
” wavelet decowposition is complete
All Files IF‘;le wavelet reconstruction is comple
(] 266,706 796 A]| |FSNR = 425.16 o
Bapply'\’ﬁ.m B-fi >
[Bblock.x M-fi
[§eotebock.nar WT-
] decon.bup Brp
E 188" H-fi.
[@¢.nDiT.n 1-£i
input.nat MT-'_'J
! Ly bl
A Current Direclory r~ 1 _>]~(

S|




FILE SIZE OF ORIGINAL IMAGE

lena Propertie (21 x]
Generl | vius Property |

@m

Tope: ACDSee BMP [mage »
Locatiort * * C:\final code'dwt com
Size: “257KB (263.224 bytes), 266,240 hines used

MSDOS naie: . LENABMP

Created: Thursday. Aptil 06. 2006 7:41:50 PM
Modifie: Sunday. Mag 26. 2002 1:1208 AM
Accessed: Sunday. Aprl 23, 2008

Attrbutes:
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FILE SIZE OF COMPRESSSED IMAGE

decom P

General | Vius Property |

I

detom

[21]

Type:
Location:
Size:

ACOSes BMP Image
C:i\final codeXdwt com
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Created: -
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Accessed: Stinday; Apel 23, 2006

Atritutes:

48




