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ABSTRACT

Image compression is application of reducing the size of graphics file, without compromising on its quality. Depending
on the reconstructed image, to be exactly same as the original or some unidentified loss may be incurred, two type of
techniques for compression exist. Two techniques are: one is lossy techniques and other is lossless techniques. Image
compression is the application of Data compression on digital images. Data compression is the technique to reduce
the redundancies in data representation in order to decrease data storage requirements and hence communication costs.
Reducing the storage requirement is equivalent to increasing the capacity of the storage medium and hence
communication bandwidth. Thus the development of efficient compression techniques will continue to be a design
challenge for future communication systems and advanced multimedia applications. The objective of this paper is to
evaluate a set of wavelets for image compression. Image compression using wavelet transforms results in an improved
compression ratio. Here in this paper we examined and compared various wavelet families such as Haar, Symlets and
Biorthogonal using Discrete Wavelet Transform and Fast wavelet transform. In DWT wavelets are discretely sampled.
The Discrete Wavelet Transform analyzes the signal at different frequency bands with different resolutions by
decomposing the signal into an approximation and detail information. The study compares DWT and FWT approach
in terms of PSNR, Compression Ratios and elapsed time for several Images. Complete analysis is performed at second
and third level of decomposition using Haar Wavelet, Symlets wavelet and Biorthogonal wavelet. The implementation
of the proposed algorithm based on video watermarking us used Matlab software. The implementation is done under
the Image Processing Toolbox in the Matlab.

KEYWORDS: Discrete Wavelet Transform, Fast Wavelet Transform, Approximation and Detail Coefficients, Border
Distortion, Haar, Symlets.

INTRODUCTION

Image compression is the application of size and data image compression. Transform coding, where a
compression on digital images. The objective of image Fourier-related transform such as DCT or the wavelet
compression is to reduce redundancy of the image data transform are applied, followed by quantization and
in order to be able to store or transmit data in an entropy coding can be cited as a method for lossy
efficient form. Image compression may be lossy or image compression. It shows that encoder and decoder
lossless. Lossless compression is sometimes preferred consist of two relatively independent functions or sub
for artificial images such as technical drawings, icons blocks. The encoder is made up of source encoder,
or comics. This is because lossy compression methods, which removes input redundancies, and a channel
especially when used at low bit rates, introduce encoder, which increases the noise immunity of the
compression artifacts. Lossless compression methods source encoder’s output. Similarly, the decoder
may also be preferred for high value content, such as includes a channel decoder followed by a source
medical imagery or image scans made for archival decoder. If the channel between the encoder and
purposes. Lossy methods are especially suitable for decoder is noise free, the channel encoder and decoder
natural images such as photos in applications where are omitted, and the general encoder and decoder is
minor loss of fidelity is acceptable to achieve a noise free, the channel encoder and decoder are
substantial reduction in bit rate. The lossy omitted, and the general encoder and decoder become
compression that produces imperceptible differences the source encoder and decoder, respectively. The
can be called visually lossless. Run-length encoding discrete wavelet transform (DWT) refers to wavelet
and entropy encoding are the methods for lossless transforms for which the wavelets are discretely
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sampled. A transform which localizes a function both
in space and scaling and has some desirable properties
compared to the Fourier transform. The transform is
based on a wavelet matrix, which can be computed
more quickly than the analogous Fourier matrix. Most
notably, the discrete wavelet transform is used for
signal coding, where the properties of the transform
are exploited to represent a discrete signal in a more
redundant form, often as a preconditioning for data
compression. The discrete wavelet transform (DWT)
is a mathematical tool that has aroused great interest in
the field of image processing due to its nice features.
Some of these characteristics are:

1) 1t allows image multi resolution
representation in a natural way because more
wavelet sub-bands are used to progressively
enlarge the low frequency sub-bands;

It supports wavelet coefficients analysis in
both space and frequency domains, thus the
interpretation of the coefficients is not
constrained to its frequency behavior and we
can perform better analysis for image vision
and segmentation; and

For natural images, the DWT achieves high

2)

3)

compactness of energy in the lower
frequency sub-bands, which is extremely
useful in applications such as image
compression. The objective of image

compression is to reduce redundancy of the
image data in order to be able to store or
transmit data in an efficient form. Image
compression can be lossy or lossless.
Lossless compression is sometimes preferred
for artificial images such as technical
drawings, icons or comics. This is because
lossy compression methods, especially when
used at low bit rates, introduce compression
artifacts. Lossless compression methods may
also be preferred for high value content, such
as medical imagery or image scans made for
archival purposes. Lossy methods are
especially suitable for natural images such as
photos in applications where minor loss of
fidelity is acceptable to achieve a substantial
reduction in bit rate. The JPEG 2000 standard
proposes a wavelet transform stage since it
offers better rate/distortion (R/D)
performance than the traditional discrete
cosine transform (DCT). Unfortunately,
despite the benefits that the wavelet
transform entails, some other problems are
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introduced. Wavelet-based image processing
systems are typically implemented by
memory intensive algorithms with higher
execution time than other transforms. In the
usual DWT implementation, the image
decomposition is computed by means of a
convolution filtering process and so its
complexity rises as the filter length increases.
Other fast wavelet transform algorithms have
been proposed in order to reduce both
memory requirements and complexity, like
line-based and  block-based  wavelet
transforms an approach that performs
wavelet transformation at image line or block
level.

Sandeep Kaur & Gaganpreet kaur in 2013 propose
Comparative Analysis of Various Digital Image
Compression Techniques Using Wavelets. Image
compression is the application of Data compression on
digital images. Data compression is the technique to
reduce the redundancies in data representation in order
to decrease data storage requirements and hence
communication  costs. Reducing the storage
requirement is equivalent to increasing the capacity of
the storage medium and hence communication
bandwidth. Thus the development of efficient
compression techniques will continue to be a design
challenge for future communication systems and
advanced multimedia applications.

S. R. Manavalan & Akila Pradeep, in 2013, proposed
Image Compression Using Radon Transform with
DCT: Performance Analysis. Image compression is
the significant research area in the field of image
processing. The Transform selection in image
compression has played a vital role since the size of
the resultant compressed image should be reduced in
comparison with the original image. Numerous image
compression standards based on Wavelet Transform
have been devoted in the literature but still there exist
scope of yielding better compression with high quality
in image reconstruction. Existing image compression
technique using DWT with Biorthogonal filtering
accommodates less compression ratio with poor image
quality of reconstructed image. With that concern,
image compression using Radon Transform with DCT
(Discrete Cosine Transform) is proposed in this paper
that contribute different dimension to the image
compression.
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The remainder of this paper is organized as the
following. At first, in Section Il we illustrate the
various components of our proposed technique to
image compression using fast wavelet transform.
Further, in Section Il we present some key
experimental results and evaluate the performance of
the proposed system. At the end we provide
conclusion of the paper in Section IV and state some
possible future work directions.

PROPOSED TECHNIQUE

This section illustrates the overall technique of our
proposed image compression. In this paper we propose
“Image Compression Using Fast Wavelet Transforms
Comparative Analysis with DWT”. In this paper we
selects grey scale image to stimulate for
decomposition and reconstruction, and comparisons.
To perform image compression using Fast Wavelet
Transform technique using Mallat Algorithm to
overcome the problems of border distortions and large
processing times that occur in DWT technique. , when
a convolution is performed on finite-length signals,
border distortions arise. Use of Symlets, Biorthogonal
and Haar wavelets for DWT and FWT implementation
on image compression to measure the picture quality
subjectively using PSNR and objectively using
Compression Ratio. This compression is done in
accordance to three wavelet families, Haar, Symlets
and Biorthogonal wavelet and results of image
compression, PSNR and Compression ratio is to be
compared at different levels of decomposition using
different images. FWT and DWT technique is used for
obtain the desired results. Different wavelets are used
at 2nd and 3rd level of decomposition and comparative
analysis of Haar, Symlets and Biorthogonal family is
displayed. Quantitative analysis has been presented by
measuring the values of attained Peak Signal to Noise
Ratio and Compression Ratio at 2nd and 3rd
decomposition levels. The intermediate image
decomposition windows from various low pass and
high pass filters. Qualitative analysis has been
performed by obtaining the compressed version of the
input image by FWT and DWT Techniques and
comparing it with the test images. In our results Haar
wavelet gives better result for all images in FWT as
compare to DWT in terms of compression ratio, PSNR
value and takes less time for compression. Also we see
that for all six images FWT takes less time using Haar,
sym4 and bior6.8 as compare to DWT using Haar,
sym4 and bior6.8. In the last decade, there has been a
lot of technological transformation in the way we
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communicate. This transformation includes the ever
present, ever growing internet, the explosive
development in mobile communication and ever
increasing importance of video communication. Data
Compression is one of the technologies for each of the
aspect of this multimedia revolution. Cellular phones
would not be able to provide communication with
increasing clarity without data compression. Data
compression is art and science of representing
information in compact form. 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. In a distributed environment large image
files remain a major bottleneck within systems. Image
Compression is an important component of the
solutions available for creating image file sizes of
manageable and transmittable dimensions. Platform
portability and performance are important in the
selection of the compression/decompression technique
to be employed. Images have considerably higher
storage requirement than text; Audio and Video Data
require more demanding properties for data storage.
An image stored in an uncompressed file format, such
as the popular BMP format, can be huge. An image
with a pixel resolution of 640 by 480 pixels and 24-bit
colour resolution will take up 640 * 480 * 24/8 =
921,600 bytes in an uncompressed format. The huge
amount of storage space is not only the consideration
but also the data transmission rates for communication
of continuous media are also significantly large. An
image, 1024 pixel x 1024 pixel x 24 bit, without
compression, would require 3 MB of storage and 7
minutes for transmission, utilizing a high speed, 64
Kbits /s, ISDN line. Image data compression becomes
still more important because of the fact that the
transfer of uncompressed graphical data requires far
more bandwidth and data transfer rate. For example,
throughput in a multimedia system can be as high as
140 Mbits/s, which must be transferred between
systems. This kind of data transfer rate is not realizable
with today’s technology, or in near the future with
reasonably priced hardware.

Discrete Wavelet Transform

The discrete wavelet transform (DWT) refers to
wavelet transforms for which the wavelets are
discretely sampled. A transform which localizes a
function both in space and scaling and has some
desirable properties compared to the Fourier
transform. The transform is based on a wavelet matrix,

© International Journal of Engineering Sciences & Research Technology


http://www.ijesrt.com/

[Sharma, 4(1): January, 2015]

which can be computed more quickly than the
analogous Fourier matrix. Most notably, the discrete
wavelet transform is used for signal coding, where the
properties of the transform are exploited to represent a
discrete signal in a more redundant form, often as a
preconditioning for data compression. The discrete
wavelet transform has a huge number of applications
in Science, Engineering, Mathematics and Computer
Science. Wavelet compression is a form of data
compression well suited for image compression
(sometimes also video compression and audio
compression). The goal is to store image data in as
little space as possible in a file. A certain loss of
quality is accepted (lossy compression). Using a
wavelet transform, the wavelet compression methods
are better at representing transients, such as percussion
sounds in audio, or high-frequency components in
two-dimensional images, for example an image of
stars on a night sky. This means that the transient
elements of a data.

Fast Wavelet Transform:

Mallat produced a fast wavelet decomposition and
reconstruction algorithm [Mal89] In 1988. The Mallat
algorithm for discrete wavelet transform (DWT) is, in
fact, a classical scheme in the signal processing
community, known as a two-channel sub-band coder
using conjugate quadrature filters or quadrature mirror
filters (QMFs). The Fast Wavelet Transform is a
mathematical algorithm designed to turn a waveform
or signal in the time domain into a sequence of
coefficients based on an orthogonal basis of small
finite waves, or wavelets. The transform can be easily
extended to multidimensional signals, such as images,
where the time domain is replaced with the space
domain. It has as theoretical foundation the device of
a finitely generated, orthogonal Multiresolution
analysis (MRA). In the terms given there, one selects
a sampling scale J with sampling rate of 2 per unit
interval, and projects the given signal f onto the space

J; in theory by computing the scalar products

sy =27 (f(),9(27t —n)),

Where ﬁbis the scaling function of the chosen wavelet
transform; in practice by any suitable sampling
procedure under the condition that the signal is highly
oversampled, so

Pilfl() = 3 s 6(2'z —n)

nel
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is the orthogonal projection or at lea¥f_some good
approximation of the original signal in

The MRA is characterized by its scaling sequence

a=1(a_n,...,00,...,0y)
or,
as Z-transform,

N
a(z)= Y a.z "
n=—»N

and its wavelet sequence

b=(b_n,.. .F&bo, .
b(z)= Y bz "
n=—N

by

Or

(Some coefficients might be zero). Those allow to
k

compute the wavelet coefficients d&; :I, at least some

range k=M,...,J-1, without having to approximate the

integrals in the corresponding scalar products. Instead,

one can directly, with the help of convolution and

decimation operators, compute those coefficients from

()

the first approximation&* *.

Performance Parameters

Input image is to be compressed to a certain level using
DWT / FWT based lifting and quantization scheme
explained above by maintaining a good signal to noise
ratio. Quantitative analyses have been presented by
measuring the values of attained Peak Signal to Noise
Ratio and Compression Ratio at different
decomposition levels. The intermediate image
decomposition windows from various low pass and
high pass filters.

PSNR:

Peak Signal to Noise ratio used to be a measure of
image quality. The PSNR between two images having
8 bits per pixel or sample in terms of decibels (dBs) is
given by:

PSNR = 10 log10xmean square error (MSE)

Compression Ratio:

Ratio of the size of compressed image to the input
image is often called as compression ratio. There are
two types of image compression present:
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LOSSLESS IMAGE COMPRESSION

A loss of information is, however, totally avoided in
lossless compression, where image data are reduced
while image information is totally preserved. It uses
the predictive encoding which uses the gray level of
each pixel to predict the gray value of its right
neighbor. Only the small deviation from this
prediction is stored. This is a first step of lossless data
reduction. Its effect is to change the statistics of the
image signal drastically. Statistical encoding is
another important approach to lossless data reduction.
Statistical encoding can be especially successful if the
gray level statistics of the images has already been
changed by predictive coding. The overall result is
redundancy reduction that is reduction of the
reiteration of the same bit patterns in the data. Of
course, when reading the reduced image data, these
processes can be performed in reverse order without
any error and thus the original image is recovered.
Lossless compression is therefore also called
reversible compression. When hearing that image data
are reduced, one could expect that automatically also
the image quality will be reduced. A loss of
information is, however, totally avoided in lossless
compression, where image data are reduced while
image information is totally preserved.

LOSSY IMAGE COMPRESSON

Lossy data compression has of course a strong
negative connotation and sometimes it is doubted quite
emotionally that it is at all applicable in medical
imaging. In transform encoding one performs for each
image run a mathematical transformation that is
similar to the Fourier transform thus separating image
information on gradual spatial variation of brightness
(regions of essentially constant brightness) from
information with faster variation of brightness at edges
of the image (compare: the grouping by the editor of
news according to the classes of contents). In the next
step, the information on slower changes is transmitted
essentially lossless (compare: careful reading of
highly relevant pages in the newspaper), but
information on faster local changes is communicated
with lower accuracy (compare: looking only at the
large headings on the less relevant pages). In image
data reduction, this second step is called quantization.
Since this quantization step cannot be reversed when
decompressing the data, the overall compression is
‘lossy’ or ‘irreversible’.

EVALUATION AND RESULTS
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To verify the effectiveness (qualities and robustness)
of the proposed Image Compression Using Wavelet
Transform, we conduct several experiments with this
procedure on several images. There are some steps of
our proposed technique are given below:

Phase 1: Firstly we develop the proper GUI for our
implementation work, after that we develop a code for
load image.

Phase 2: Develop a code for the FWT and apply it.

Phase 3: Develop a code for the applying the DWT for
loaded image.

Phase 4: Now we develop the code for the parameters
calculation and we can see the results of our proposed
method in the graph.

Flow Chart of proposed method

( Load Image )

FWT

Apply
Compression

C

DWT

| Results l

Figure: 1. Flow chart of proposed method

CONCLUSION & FUTURE WORK

In this paper we propose “Image Compression Using
Fast Wavelet Transforms Comparative Analysis with
DWT”. FWT based image compression has been
performed to get the desired results of the proposed
work. Image Compression is performed in the
MATLAB software using wavelet toolbox. DWT and
FWT based compression techniques have been
implemented using lifting scheme and their results
have been displayed in terms of qualitative analysis
using image visual quality of input image, compressed
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image and reconstructed image and Quantitative
analysis have been performed in terms of PSNR,
compression ratio and Elapsed time for both DWT and
FWT at second level and third level of decomposition
using Haar Wavelets, Symlets and Biorthogonal
wavelets. To perform image compression using Fast
Wavelet Transform technique using Mallat Algorithm
to overcome the problems of border distortions and
large processing times that occur in DWT technique.
In our proposed technique compression while
maintaining the image quality is must for digital data,
image or video file transfer in fast way and lesser
amount of time. Peak Signal to Noise ratio used to be
a measure of image quality. It is the main factor of our
implementation. A new algorithm for image
compression using Fast Wavelet Transform has been
proposed as FWT reduces the problems of border
distortions in Image Compression. It reduces the data
storage requirements. The wavelet transform achieves
better energy compaction than the DCT and hence can
help in providing better compression for the same
Peak Signal to Noise Ratio (PSNR).
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