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Abstract

This paper deals with image compression using Discrete Cosine Transform
(DCT) and Haar wavelets transforms (WT). The mathematical properties of Haar
wavelets and DCT are covered to explore the field of still image compression methods,
which improve on existing techniques and develop new image compressors. DCWT is
more efficient than corresponding DCT and wavelet transform functions. Incorporating
DCT and wavelet transform is shown to improve the performance of the DCT and
wavelet (Haar, IWT). Several methods are compared in terms of their ability to
compress standard images and the fidelity of the reproduced image to the original
image. In the new proposed method the compression rate is approximately equal to 1:22
and this rate is more efficient than that of the still image compression methods.

1-Introduction

Image compression is useful and necessary in a variety of applications. These
applications can be divided into two types: transmission and storage. Transmission
involves sending a file over a channel and compression reduces the number of bits to be
transmitted and making the transmission process more efficient. Storing a file in a
compressed form typically requires fewer bits. All the images on the web are
compressed, typically in the JPEG or GIF formats, most modems use compression.
There are two types of compression, lossless compression, which can reconstruct the
original image exactly from the compressed image, and lossy compression, which can
only reconstruct an approximation of the original image. Lossless compression is
typically used for text, and lossy compression is used for images and sound where a
little bit of loss in resolution is often undetectable, or at least acceptable.

2-The Discrete Cosine Transform.

The DCT breaks down the source image into (N x N) matrix or block . In practice
(N) most often equals 8 because a larger block, though it would probably give better
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compression often takes a great deal of time to perform DCT calculations creating
an unreasonable tradeoff.

As a result, DCT implementations typically break the image down into more
manageable (8 x 8) blocks. Then we apply the discrete cosine transform on the matrix.
The mathematical functions for a two-dimensional DCT are:

y(k’ I) = Wiix(i’ j)COS{%}cos{W}
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Where k,I=0,............ .7 and c(k)=

1, k<>0

There is an Inverse DCT (IDCT):
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3-HAAR Transform

Wavelets are functions defined over a finite interval. The basic idea of the
wavelet transform is to represent an arbitrary function f(x) as a linear combination of a
set of such wavelets or basis functions.

These basis functions are obtained from a single prototype wavelet called the
mother wavelet by dilations (scaling) and translations (shifts).
The purpose of wavelet transform is to change the data from time-space domain to time-
frequency domain, which makes better compression results.

The simplest form of wavelets is the Haar wavelet function, which can be

defined as: [6]

1 0<x<l1/2
w(x)=1—1 1/2<x<1
O otherwise
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The *Discrete Cosine Transform (DCT)’ and the “Wavelet Transform’ are examples
of ortho-normal transforms that are used in image compression.

The transform is rarely applied to the whole image, it usually deals with small
regions or image blocks independently. This has the advantage of exploiting local
similarities within the image but also leads to a ‘blocking artifact” effect found in
this type of method. The blocks do not have to be a fixed size or shape, but they are
usually non-overlapping. Applying an overlapping blocked system duplicates data
already contained in other image blocks, and hence can be wasteful.

ISO has done extensive testing and has developed a standard set of quantization
values that cause impressive degrees of compression. To determine the value of the
quantum step sizes, the user inputs a single quality factor, which should range
from one to about twenty-five. Values larger than twenty-five would work, but the
picture quality degrades far enough at quality level 25.

The quality level sets the difference between adjoining bands of the same
quantization level. These bands are oriented on diagonal lines across the matrix,
so quantization levels of the same value are all roughly the same distance from the
origin.

To calculate the quantization matrix we use this formula:

Q(i,j)=1+ (1+i+j) Quality factor

An example of what the quantization matrix looks like is with a quality factor of
two. If quality factor = 2 then the table is as shown below :
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3 S) 7 9 11 13 15 17
3) /79 11 13 15 17 19
7 9 11 13 15 17 19 21
9 11 13 15 17 19 21 23
11 13 15 17 19 21 23 25
13 15 17 19 21 23 25 27
15 17 19 21 23 25 27 29
17 19 21 23 25 27 29 31

Quantization Matrix

4-Merging (Haar Wavelets and DCT) Image Compression

This proposed algorithm applies (HAAR and DCT) transform to image
compression so that after we apply the Haar transform to image, the DCT is applied to
the first quarter of image and all the values in (LH,HL and HH) are discarded .

The image that is to be compressed is processed in 8x8 blocks. The DCT is
applied to each of these blocks. The coefficient set that is obtained has to be quantized
by scaling of each coefficient block with a known matrix after scaling of coefficients,
many of these will be zero, that means they are no more important. The rest of
coefficients represent the image in compressed form. The compression rate obtained
using this method depends on the values of the elements of the quantization matrix. As
long as these elements have high values, we will obtain more coefficients with value
equal to zero, so the compression rate will be higher and this will increase also the loss
of information in compression process.

A- The DCWT Image Compression Coding Algorithm

(1)-Read the image data.

(2)-The two-dimensional HAAR Wavelet is computed for image block.

(3)-The 2D-FDCT is computed for the first quarter of the coefficient matrix
[low-low frequency] in step (2).

(4)-The majority of the coefficients are discarded by selecting a suitable

threshold.

(5)- Reorder the DCT coefficients of the image array in the first quarter by
zig-zag order.

(6)- Reorder the DCT coefficients of the image array in the first quarter from 2-
dimensional array to one dimensional array, which has the values of rows
in location row mod 8=0 only and discard all the values in other rows.
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(7)- Apply RLE to the zero’s value.
(8)-Apply shift-coding to get image data in stream of bits in a binary file.

Figure (1) shows the block diagram of the above algorithm.

Table Table Compressed
Specification Specification Image
0110111100
v v
> »| Quantizer ~ >
HAAR FDCT | shift
Figure (1)

B-The DCW-

(1)-Receive the coefficient from the binary file.

(2)-Apply shift-decoding to get image data in decimal representation.

(3)- Apply decoding RLE to the zero’s value.

(4)- Reorder the coefficients of the image array from 1-dimensional array to 2-
dimensional array.

(5)-The selected threshold is multiplied by the image coefficients.

(6)- Reorder the DCT coefficients of the image array in the the first quarter
from zig-zag order.

(7)-The 2-D IDCT is computed for first quarter of image coefficient array to get
[low-low frequency].

(8)-The 2-D inverse HAAR Wavelet is computed for image block
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Figure (2) shows the block diagram of decoding DCWT.

Table Table Compressed
Specification Specification Image

l 0110111100

Dequant

Figure (2)
The DCWT Decoder Block Diagram

5-Discussion
The compression results produced are discussed. They include the subjective
and objective qualities of reconstructed images in this method, timing of composition
and decomposition for different wavelet types, and timing of DCT algorithm for
different compression ratios.
Two popular measures of distortion are the squared error measure and
the absolute difference measure, which is called difference distortion measures. If X{n}
is the source output and Y{n} is the reconstructed sequence, the squared error measure

is given by
d(x,y) = (x-y)’

And the absolute difference measure is given by

d(x,y) =|x-Y|
Practically, it is difficult to examine the difference on a term-by-term basis.
Some average measures are used to summarize the information. The most often used
average measure is the average of squared error measure.
The average squared value of the source output and the MSE is called the signal-
to-noise-ratio (SNR).
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The peak-signal-to-noise ratio (PSNR) is calculated by the following equation:

PSNR(dB) =10log,,

2
X peak

(MSE)?

PSNR is the most commonly used value to evaluate the objective image
compression quality. Tables (1) and (2) show the experimental results.

Table (1)
Compression Results by Using Different Wavelets and DCT

Compression Image Compression | Compression
Method Ratio File size PSNR
Discrete Cosine Lena 1:13 5.14 KB 25
Transform Housebreak 1:13 5 KB 27
Haar Wavelet Lena 1:7 9.6 KB 28
Housebreak 1:8 8.13 KB 30
IWT Transform Lena 1:10 6.5 KB 28
Housebreak 1:14 4.45 KB 30
DCWT Lena 1:22 2.98 KB 24
Housebreak 1:22 2.87 KB 25.5
Table (2)
Compression factor by DCT, Wavelets and DCWT
Image DCT Haar Wavelet IWT DCWT
Size Com Com. | Com Com. | Com Com. | Com Com.
(KB) File factor | File factor | File factor | File factor
size size size size
1 0.109 9.4 0.34 3 0.37 3 0.060 17
4 400 10.2 1.01 4 1.1 4 0.220 18.5
16 1.4 11.7 3.93 5.6 3.19 5.13 0.851 | 19.25
64 5.22 12.5 9.6 6.8 10.6 6.2 2.98 22
256 19.5 13.4 27 9.7 25.7 10.2 11.2 23.4

In Figure (3), when we look at the DCT, Wavelet (Haar and Integer) and DCWT
transforms and compare their implementation, we find that DCWT gives a superior
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compression over DCT and Wavelet as shown in the above figure. A comparison
between all the above methods has shown they hold a promise.

The DCWT algorithm is a general-purpose image compression algorithm. In this
algorithm, first the Haar-Wavelet transform is applied and in the second the DCT is
applied to the first quarter of the image in the upper left corner (low-low filter).

25
5 20
b=
A —e—DCT

15
% —0 —=— Haar
(%]
2 10 P WT
= - DCWT
o
O 5

0 -
0 50 100 150 200 250 300
Image Size
Figure (3)

The Relation between Image Size and Compression Factor

6-Conclutions

The experimental results for this new algorithm show that the algorithm using
DCWT can achieve a much higher compression ratio than image compression methods
using only DCT or Wavelet transforms. There are several important points drawn from
this comparison :

1- The DCT is one of efficient methods for image compression but it takes time.

2- Haar Wavelet gives the worst compression rates but it is a fast method.

3- DCWT gives the best compression ratio and it needs less time than DCT but this
time is longer than that of wavelet (Haar and Integer) transforms but this time is
acceptable if we look at it from compression ratio point of view.
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