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Abstract: Image compression has become an important process in today’s world of information exchange. Image compression helps in
effective utilization of high speed network resources.The discrete wavelet transform (DWT) is a technique for converting a signal into
elementary frequency components. It is widely used in image compression. Here some functions for compression of both gray scale and
color images with DWT and its implementation in MATLAB have been developed. The DWT is very similar to a Fourier series , but in
many ways, is much more flexible and informative. It is a tool which breaks up data into different frequency components or sub bands
and then studies each component with a resolution that is matched to its scale. Unlike the Fourier series, it can be used on non-

stationary transient signals with excellent results.
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1. Introduction

Image compression is an important issue in digital image
processing. The image compression is also an important issue
in finding the extensive applications in many fields. Due to
great innovation in display and information technology, the
data storage capacity for storage of information has increased
drastically. Now-a-days the high quality cameras produce
high quality images. These high quality images require large
amount of storage space. For such scenario, the data
compression technique is applied to offer acceptable solution.
Image compression is of two types lossy and lossless
compression. For lossy compression technique, many
standards have been developed such as JPEG [1] and JPEG
2000 [2] for still images.

The reconstructed image is not exactly same as the original
image in lossy image compression technique An important
development in image compression is the establishment of
the JPEG 2000 standard for compression of color pictures.
Using the JPEG2000 method, a 24 bit/pixel color images can
be reduced to between 1 to 2 bits/pixel, without obvious
visual artifacts. The DWT is an improvement over the
discrete Fourier transform (DFT).Here we have computed
some codes in MATLAB for compression of images using
DWT. The results have been observed in the laboratory for
both the compression of gray scale and color images.

2. Types of Image Compression

There are two types of image compression. These are :
A. Lossless compression
B. Lossy compression

A. Lossless Compression

A high degree of correlation exists between the neighbouring
pixels in natural images. In lossless compression techniques,
this statistical redundancy is exploited in such away that the
entire process is reversible i.e. the original image is exactly
recovered. There is considerable interest in lossless
techniques, especially in applications which require very high
fidelity reconstructed images (e.g. medical imaging).

B. Lossy compression

The lossless compression techniques usually result in a low
compression ratio(typically 2 to 3). Hence, they are not
employed when a high compression ratio is required. In lossy
compression, the objective is to reduce the bit rate subject to
some constraints on the image quality. Most lossy
compression techniques can be classified into following
categories - predictive coding, transform coding,
wavelet/subband, vector quantization, fractal coding.

3. Need for Image Compression

The amount of data associated with visual information is so
large that its storage would require enormous storage
capacity. Although the capacities of several storage media are
substantial, their access speeds are usually inversely
proportional to their capacity. Typical television images
generate data rates exceeding 10 million bytes per second.
There are other image sources that generate even higher data
rates. Storage and/or transmission of such data require large
capacity and/or bandwidth, which could be very expensive.
Image data compression techniques are concerned with
reduction of the number of bits required to store or transmit
images without any appreciable loss of information. Image
transmission. teleconferencing; computer communications;
and facsimile transmission. Image storage is required most
commonly for educational and business documents, medical
images used in patient monitoring systems, and the like.
Because of their wide applications, data compression is of
great importance in digital image processing.
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Figure 1.2: Image decompression model
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4. Discrete Wavelet Transform

A wavelet is defined as a “small wave” that has its energy
concentrated in time to provide a tool for the analysis of
transient, non-stationary, or time-varying phenomena. It has
the oscillating Wave-like properties but also has the ability to
allow simultaneous time and frequency analysis. Wavelet
Transform has emerged as a powerful mathematical tool in
many areas of science and engineering, more so in the field
of audio and data compression.

In Fourier transform domain, we completely lose information
about the localization of the features of an audio signal.
Quantization error on one coefficient can affect the quality of
the entire audio file. The wavelet expansion allows a more
accurate local description and separation of signal
characteristics. A wavelet expansion coefficient represents a
component that is itself local and is easier to interpret. The
Fourier basis functions have infinite support in that a single
point in the Fourier domain contains information from
everywhere in the signal. Wavelets, on the other hand, have
compact or finite support and this enables different parts of a
signal to be represented at different resolution.

Wavelets are adjustable and adaptable and can therefore by
designed for adaptive systems that adjust themselves to suit
the signal. Fourier Transform, however, is suitable only if the
signal consists of a few stationary components. Also, the
amplitude spectrum does not provide any idea how the
frequency evolve with time. All wavelets tend to zero at
infinity, which is already better than the Fourier series
function. Furthermore, wavelets can be made to tend to zero
as fast as possible. It is this property that makes wavelets so
effective in signal and audio compression.

A. Subband Coding

A signal is passed through a series of filters to calculate
DWT. Procedure starts by passing this signal sequence
through a half band digital low pass filter with impulse
response h(n).Filtering of a signal is numerically equal to
convolution of the tile signal with impulse response of the
filter.

@0

x[n]*h[n]= Z x[k].h[n-k]
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A half band low pass filter removes all frequencies that are
above half of the highest frequency in the tile signal. Then
the signal is passed through high pass filter. The two filters
are related to each other as

h[L-1-n]=(-1)"g(n)

Filters satisfying this condition are known as quadrature
mirror filters. After filtering half of the samples can be
eliminated since the signal now has the highest frequency as
half of the original frequency. The signal can therefore be sub
sampled by 2, simply by discarding every other sample. This
constitutes 1 level of decomposition and can mathematically
be expressed as
1[n]= Z

[k]h[2n-k]

o
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x[k]g[2n+1-k]

where yl[n] and y2[n] are the outputs of low pass and high
pass filters, respectively after subsampling by 2.

This decomposition halves the time resolution since only half
the number of sample now characterizes the whole signal.
Frequency resolution has doubled because each output has
half the frequency band of the input. This process is called as
sub band coding. It can be repeated further to increase the
frequency resolution as shown by the filter bank.
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Figure 2: Filter Bank
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B. Compression Steps

¢ Digitize the source image into a signal s, which is a string
of numbers.

e Decompose the signal into a sequence of wavelet

coefficients w.

Use threshold to modify the wavelet coefficients from w to

w’.

Use quantization to convert w’ to a sequence .

Entropy encoding is applied to convert q into a sequence e.

Digitation

The image is digitized first. The digitized image can be
characterized by its intensity levels, or scales of gray which
range from O(black) to 255(white), and its resolution, or how
many pixels per square inch.

Thresholding

In certain signals, many of the wavelet coefficients are close
or equal to zero. Through threshold these coefficients are
modified so that the sequence of wavelet coefficients
contains long strings of zeros. In hard threshold ,a threshold
is selected. Any wavelet whose absolute value falls below the
tolerance is set to zero with the goal to introduce many zeros
without losing a great amount of detail.

Quantization

Quantization converts a sequence of floating numbers w’ to a
sequence of integers q. The simplest form is to round to the
nearest integer. Another method is to multiply each number
in w’ by a constant k, and then round to the nearest integer.
Quantization is called lossy because it introduces error into
the process, since the conversion of w’ to q is not one to one
function.

Entropy Coding

With this method, a integer sequence q is changed into a
shorter sequence e, with the numbers in e being 8 bit integers.
The conversion is made by an entropy encoding table. Strings
of zeros are coded by numbers 1 through 100,105 and 106,
while the non-zero integers in q are coded by 101 through
104 and 107 through 254.
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S. DWT Results

Results obtained with the matlab code[20]are shown below.
Fig(3.1) shows original Lena image. Fig (3.2) to Fig(3.4)
show compressed images for various threshold values. As
threshold value increases blurring of image continues to
increase.

Figure 3.4: Compressed image for threshold value 5

6. Various Performance Parameters

Mean Squared Error (MSE) is defined as the square of
differences in the pixel values between the corresponding
pixels of the two images. Fig(4.1) shows that MSE first
decreases with increase in window size and then starts to
increase slowly with finally attaining a constant value.
Fig(4.2) plot show required for compressing image with
change in window size for DWT. Fig(4.3) indicate
compression ratio with change in window size for DWT
based image compression technique. Compression decreases
with increase in window size for DWT.
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Figure 4.1: mean squared error vs. Window size for DWT
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Figure 4.2: cpu utilization vs. Window size for DWT
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Figure 4.3: Compression vs. window size for DWT
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7. Conclusions

DWT is used as basis for transformation in JPEG 2000
standard. DWT provides high quality compression at low bit
rates. The use of larger DWT basis functions or wavelet
filters produces blurring near edges in images.

8. Acknowledgment

I would like to thanks my guide Mr. Permendra kumar
Verma sir (Asstt. Prof.) of Buddha Institute of Technology
and Mr. Arun Kumar Mishra sir (Dean) of Buddha Institute
of Technology for their support that has made this work
possible.

References

[1] R. C. Gonzalez and R. E. Woods, “Digital Image
Processing”,Second edition,pp. 411-514, 2004.

[2] N. Ahmed, T. Natarajan, and K. R. Rao, "Discrete
cosine transform," IEEE Trans. on Computers, vol. C-
23, pp. 90-93,1974.

[3] A. S. Lewis and G. Knowles, "Image Compression
Using the 2-D Wavelet Transform" IEEE Trans. on
Image Processing, Vol. I . NO. 2, PP. 244 - 250, APRIL
1992.

[4] M. Antonini , M. Barlaud and I. Daubechies, "Image
Coding using Wavelet Transform”,JEEE Trans. On
Image Processing Vol.1, No.2, pp. 205 — 220, APRIL
1992.

[5] Robert M. Gray,IEEE, and David L. Neuhoff,
IEEE"Quantization", IEEE Trans. on Information
Theory, Vol. 44, NO. 6,pp. 2325-2383, OCTOBER
1998.(invited paper).

[6] http://en.wikipedia.org/Image compression.

[7] Greg Ames,"Image Compression", Dec 07, 2002.

[8] http://en.wikipedia.org/wiki/Discrete_wavelet_transfor
m.

[9] http://encyclopedia.jrank.org/articles/pages/6760/Image
-Compression-and-Coding.html

[10] R.deQueiroz, C.Choi, Y.Huh and K.Rao, “Wavelet
transforms in a JPEG-like image coder,” IEEE Tran.
Circuits  Syst.Video.Technol. vol.7, pp.419-424,
Apr.1997.

[11] JPEG 2000 Part 1 Final Draft International Standard,
ISO/IEC FDIS15444-1, Dec. 2000.

Paper ID: ART20163322

Volume 5 Issue 12, December 2016

Licensed Under Creative Commons Attribution CC BY

127





