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ABSTRACT

Wavelet compression technique is widely used to achieve high good compression factor. In this paper, certain
experiments were performed to identify the importance and the sensitivity of this technique to various internal
and external parameters. Compression factor and SNR are the main factors to be optimized here against many
factors like; image type, division factor, subblock size. Changing these parameters has shown a significant
change in the performance leading to verified steps on how to choose these parameters in order to optimize the
performance to get better compression and quality.
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I. INTRODUCTION

Uncompressed multimedia data like graphics audio and video signals requires a considerable storage
capacity and high transmission bandwidth. Despite rapid progress in mass-storage media, processor
speeds and performance of digital communication systems demand for data storage capacity and data-
transmission bandwidth continues to outstrip the capabilities of available technologies [1], [2]. The
recent growth of data intensive multimedia-based web applications has not only sustained the needs
for more efficient ways to encode signals and images, but has also made a significant progress in
compression of such signals and communication technology [3]. Various data types require different
recourses for storage and transmission. A simple text may require few Kilo bytes of storage space and
needs few second for transmission over a typical modem. A full motion video signal requires few
Gega bytes of storage space and few hours to transmit the signal over the same modem. Certain data
needs sufficient storage space, large transmission bandwidth and long delay for the transmission time.
At the present state of technology, the only solution is to compress multimedia data before being
stored or transmitted [4].

Compression techniques can be classified as lossless or lossy compression methods where the original
representation is recovered perfectly or with certain degradation. This is very important in
applications like medical or astronomical images where an image is processed by computing devices
instead of human eyes. There are several lossless compression algorithms like Run Length Encoder
(RLE), Lempel-Ziv Welch (LZW) and Huffman encoding methods. Lossless compression can only
achieve a modest compression factor. On the other hand, an image reconstructed following lossy
compression contains degradation relative to the original one. This is often due to the compression
scheme which may completely discard redundant information. However, lossy schemes (like DPCM
and DCT) are capable of achieving higher compression factor than lossless schemes [5].

Wavelets are functions defined over a finite interval and having an average value of zero. The basic
idea of the wavelet transform is to represent any arbitrary function as wavelets or basis functions [6-
8]. These basis functions or baby wavelets are obtained from a single prototype wavelet called the
mother wavelet.
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JPEG is a lossy compression technique that the decompressed image is not quite the same as the one
started with. JPEG is designed to exploit known limitations of the human eye. Thus, JPEG is intended
for compressing images that will be looked at by humans. Whereas wavelet-based coding provides
improvements in picture quality at high compression ratios depending on the factors used in
compression. There are no critical losses in data, so one can retrieve approximately the original image
with less size. Hence, wavelet is used in applications like Fingerprint compression, Musical tones,
Detecting Self-similarity and Denoising Noisy Data [9-10]. Moreover, wavelet transform is being
used in many other applications especially in signal and image processing tasks like the numerical
description of texture via the discrete wavelet, among many other applications [11-14].

The rest of this paper is organized such that Section 2 reviews the standard Wavelet Transformation,
algorithm, various parameters and its applications; it also refers to certain recent related work. Section
3 introduces the Normalized Wavelet Transformation where the algorithm and certain testing criteria
are presented. Section 4 shows the obtained experimental results under various conditions using
software analysis. Section 5 concludes the findings of this paper and comments on it.

II. WAVELET ALGORITHM

The wavelet image compression technique is an exciting one [15-18]. Several related work is being

conducted on the importance of Wavelet and its applications particularly in image processing and

telecommunications. Some of these applications are in the recent and important topics like Internet,

edge detection, biology, biomedical applications and signal processing in general [19-23]. This

compression technique starts by reading an image as an M by N matrix then partitioning it into 8x8

blocks or some other sizes. Normalized wavelet transformation is applied to each block. The

algorithm is presented in steps as follows;

1- Read the input image into an M by N matrix.

2- If the size of the input matrix cannot be divided by 8 then, add rows and columns of zero values
as shown in Fig.1

3- Block the padded matrix into several 8x8 blocks as shown in Fig.1

4-  Apply the normalized wavelet transform on each block

5- Reshape the resultant matrix into one dimensional vector then apply the arithmetic encoder.

6- Store the resultant stream of bits into a binary file.

7- Repeat the previous procedure until the whole image is processed
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Fig. 1 zero padding and subblocking

To retrieve the original image from the compressed one, a reverse process is implemented such that
the binary stream data is applied to an arithmetic decoder, then it is reshaped into an 8x8 block.
Sequentially this block is applied to the inverse wavelet transformation and the complete matrix is
reconstructed then the added zero rows and columns are eliminated. This procedure is illustrated
through the following steps;
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1- Read the binary file to a bit stream that represent the compressed image then apply it to the
arithmetic decoder.

2- Reshape the binary stream into 8x8 blocks

3-  Apply the decoded blocks to the inverse wavelet transform

4- Eliminate the zero rows and zero columns that were added initially.

5- Combine the sub blocks to reconstruct the full image

The normalized wavelet transform is not a completely reversible process and so the original image

could not be recovered exactly.

III. NORMALIZED WAVELET TRANSFORMATION

The core of the wavelet compression technique is the Normalized Wavelet transformation which is
applied to each 8 by 8 block, the steps of this normalized wavelet transformation is given as;
1. Consider each 8 by 8 block of the matrix
2. Divide the sub block by V8;
3. Consider one row at a time such as;
4. Compute the average values for the locations 1 to 8 for each row as; (1+2)/\/2, (3+4)/\/2,
(5+6)N2, (T+8)N2
Assign these four values to the first four locations of the row
Compute the difference values for the locations 1 to 8 for each row as; (1-2)/ \2, (3—4)/\/2,
(5-6)N2, (7-8)\2
7. Assign these four values to the last four locations of the row
8. Repeat the process on the four average values such that they are transformed into two average
values and two difference values, put these values in place of the first four locations of the
row
9. Repeat the previous steps to have one average at the left and one difference next to it
10. Repeat the same process to the remaining rows.
11. The whole process is repeated for each column of the block.
12. The resultant matrix will have one average value at the left and all other values are the
differences
There are several methods that are commonly used to test the performance of the compression
technique. This includes; Compression Factor (CF), which is defined as size of original image divided
by the size of the compressed image, and the Signal to Noise Ratio (SNR), which is defined as 10
log(signal power divided by the error power), where error signal is the difference between original
and reconstructed signal.

e W

IV. EXPERIMENTAL RESULTS

The sensitivity of wavelet compression technique for several issues is measured under several
conditions. The main parameters are the image type, image size, division factor and block size.
Simulation has been performed using software analysis such that one parameter is considered at a
time. Performance of the algorithm was examined to illustrate how these parameters will affect the
achievement of certain compression criteria such as the compression factor and the compressed file
size. The simulation has been performed as follows;

1 Grayscale image: standard size grayscale images were investigated using the wavelet compression
technique. The compression factor and the SNR were calculated as shown in Table 1.

Table 1 Certain image files and the corresponding CF and SNR

Image name CF SNR (dB)
Blood 1 3.0 36.0
Cameraman 3.4 36.7
Boat 3.8 37.9
Lena 3.6 37.5
Bacteria 3.7 37.7

48 | Vol. 4, Issue 2, pp. 46-52



International Journal of Advances in Engineering & Technology, Sept 2012.
OLJAET ISSN: 2231-1963

Changing the size of the grayscale image does not show clearly the effect of the size on the CF and
SNR. The redundancy of the data and the nature of the signal play an important role in achieving a
certain amount of CF and SNR.

2 Image size: Several grayscale images, with various file size, were considered, the compression
factor and SNR where examined while changing the size of the image, results were obtained as
illustrated in Fig.2 respectively. The corresponding values are changing slowly as the data size
changes. However, increasing the file size is not the reason after the increase in the CF value but this
increment in CF is mainly due to the change in the entropy of the image file.
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Fig.2 Effect of changing gray scale image size on CF and SNR

3 Division factor: in this case, performance has been tested on the same image files but with various
division factors. The “cameraman” grayscale image was considered with a division factor of V2,
resulting in a CF of 3.4 and SNR of 36.7dB. When the division factor was changed to \2.5, the CF
increased to 4.21 and the SNR decreased to 2.67 dB. Obviously, increasing the division factor may
result in more losses and so the SNR value may drop. The effect of changing the division factor on the
performance is shown in Fig.3.

Increasing the division factor gradually from 1 to 4 has improved the CF by about 1 but the SNR has
dropped by almost 30 dB resulting from a great degradation in the quality of the reconstructed image.
As the division factor increases then the processed matrix contains smaller values which may be
easily lost through the normalized wavelet transformation and inverse transformation processes.
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Fig.3 Effect of changing division factor on CF and SNR

4 Sub-block: as shown in the wavelet algorithm, the matrix is partitioned into 8x8 sub-blocks,
considering the “cameraman” grayscale image, at this size of sub-matrix then, the CF is 3.4 and the
SNR is 36.7dB. On the other hand, a 32x32 sub-block size increases the CF to 7.9 and the SNR is
reduced to 27.3 dB. The effect of changing the sub block size is illustrated in Fig.4. Increasing the
block size from 8 to 64 has improved the CF by almost 10 dB and the improvement was almost linear
with the increment in the block size. This increase in block size means that less number of blocks are
available to be treated and so less data size to be stored leading to a better CF. On the other hand,
increasing the block size makes the average values and the difference values, which are use in the
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base functions of the wavelet transformation, far from each other and so may not be possible to
retrieve the exact values after several processes. This will result in an error between the original and
the reconstructed images and so SNR value will degrade.
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Fig.4 Effect of changing submatrix size on CF and SNR for a grayscale image

5 RGB image type: wavelet compression technique can be used with various image formats. A
typical RGB image with three layers and has an original size of 531 Kbytes has been compressed
using wavelet compression technique. This process results in CF of 2.6 and SNR of 35 dB.

Varying the sub block size of the RGB image has changed the CF and SNR as shown in Fig.5. This
has the same performance style as that of a grayscale image type. The difference in values can be
referred to the nature of the image or the amount of redundancy it may has.
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Fig.5 Effect of changing submatrix size on CF and SNR of RGB image

For the same image, the division factor has been changed and the effect of that change on both the CF
and SNR is illustrated in Fig.6. Similar to the grayscale image type behavior, the CF has been
improved as the division factor increases while the SNR is reduced accordingly.
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Fig.6 Effect of changing division factor on CF and SNR of RGB image
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V. CONCLUSION

Wavelet coding scheme provides a good picture quality at low bit rates. This study shows the
importance and the role of some effective parameters used in wavelet compression technique. The
compression factor and SNR were measured and analyzed under several conditions such as; image
type, image size, sub block size and division factor. Results were obtained and represented to
illustrate the importance of each individual item. Although slight differences were obtained when
changing the image size and type, but this is mainly due to the nature of images being used. On the
other hand, increasing the division factor has shown a large degradation in the quality and so on the
SNR. The sub block size has also been increased leading to an improvement of the compression factor
with a small degradation in SNR. Changing the image size has no dramatic effect on the compression
factor but has provided better SNR. Accordingly, one can chose the suitable values of the wavelet
parameters to obtain the desired results in terms of compression factor and SNR.

ACKNOWLEDGEMENT

The authors would like to thank the anonymous reviewers for their valuable comments to enhance the
quality of this paper.

REFERENCES

1] Ian A. Glover, Peter M. Grant, “Digital Communications”, Pearson Education, 2004

2] David Salomon “Data Compression, the Complete Reference”, Springer, 1998

3] Sayood, Khalid “Introduction to Data Compression”, 2nd edition, San Diego: Morgan Kaufmann, 2000.

4] Zoran Nenadic, Joel W. Burdick, “Spike Detection Using the Continuous Wavelet Transform”, IEEE
Transaction on Biomedical engineering, Vol. 52, No. 1, pp.74-87, Jan. 2005

[5] Liu Yanyan, “Wavelet Transform in Remote Sensing Image Compression of the Key Technical Analysis”,
Modern Applied Science Vol. 6, No. 4; pp. 44-48, April 2012

[6] Majid Rabbani, Rajan Joshi “An Over View of JPEG2000 Still Image Compression Standards”, Signal
Processing Image Communication, Vol. 17, Issue 1, pp. 3-48, 2002.

[71 Wie D., Bovik A.C., “Wavelet Denoising for image Enhancement”, San Diego, CA: Academic, pp. 117-123,
2000

[8] Aleksandra Mojsilovic’, Miodrag V. Popovic’, and Dejan M. Rackov, “On the Selection of an Optimal
Wavelet Basis for Texture Characterization”, IEEE transaction on Image Processing, Vol. 9, No. 12, pp.
2043-2050, December 2000.

[9] Donoho D.L., “Denoising by soft-thresholding”, IEEE Trans. Inf. Theory, Vol.41, No.3, pp.613-627, May
1995

[10] Sachin D Ruikar, Dharmpal D Doye, “Wavelet Based Image Denoising Technique”, International Journal
of Advanced Computer Science and Applications, Vol. 2, No.3, pp. 49-53, March 2011

[11] Vetterli M., Kovacevic J., “Wavelets and Subband Coding”, Upper Saddle River: Prentice-Hall, 1995

[12] Ian A., Farzad K., Satish M., Douglas L. J. “Asymptotically Optimal Blind Estimation of Multichannel
Images”, IEEE transaction on Image Processing, Vol. 15 No. 4, pp 992-1007, April 2006.

[13] Mallat S.G., “A wavelet Tour of Signal Processing”, San Diego, CA: Academic, 1999.

[14] Math works, www.mahtworks.com, accessed 20/June/2006

[15] Rub’en Salvador, F’elixMoreno, Teresa Riesgo, Luk“a”s Sekanina “Evolutionary Approach to Improve
Wavelet Transforms for Image Compression in Embedded Systems”, Hindawi Publishing Corporation,
EURASIP Journal on Advances in Signal Processing, Article ID 973806, 20 pages, Volume 2011

[16] V. V. Sunil Kumar, M. Indra Sena Reddy, “Image Compression Techniques by using Wavelet Transform”,
Journal of Information Engineering and Applications, Vol. 2, No.5, pp. 35-39, 2012

[17] Vasanthi Kumari P., Thanushkodi K., “An Improved SPIHT Image Compression Technique using
Daubechies Transform”, European Journal of Scientific Research, Vol.81 No.3, pp.425-435, 2012

[18] Kamrul Hasan Talukder, Koichi Harada, “An Improved Concurrent Multi-Threaded Wavelet Transform
Based Image Compression and Transmission Over Internet”, International Journal of Information and
Education Technology, Vol. 2, No. 2, pp. 122-127, April 2012

[19] Marivi Tello Alonso, Jordi J. Mallorqui, “Edge Enhancement Algorithm Based on the Wavelet Transform
for Automatic Edge Detection in SAR Images”, IEEE Transaction on Geosciences and Remote Sensing,
Vol. 49, No. 1, pp.222-235, Jan. 2011

[20] “Wavelet Transforms and Their Recent Applications in Biology and Geoscience” Edited by Dumitru

Baleanu, Published by InTech, Croatia, 2012

[
[
[
[

51 | Vol. 4, Issue 2, pp. 46-52



International Journal of Advances in Engineering & Technology, Sept 2012.
OIJAET ISSN: 2231-1963

[21] Heydy Castillejos, Volodymyr Ponomaryov, Luis Nino-de-Rivera, Victor Golikov, “Wavelet Transform
Fuzzy Algorithms for Dermoscopic Image Segmentation”, Hindawi Publishing Corporation, Computational
and Mathematical Methods in Medicine, Article ID 578721, 11 pages, Volume 2012

[22] Maedeh Kiani Sarkaleh, Asadollah Shahbahrami, “Classification of ECG Arrhythmias Using Discrete
Wavelet Transformation and Neural Networks”, International Journal of Computer Science, Engineering
and Applications (IJCSEA) Vol.2, No.1, pp.1-13, February 2012

[23] O.M.Bouzid, G. Y. Tian, J.Neasham, B. Sharif, “Envelope and Wavelet Transform for Sound Localisation
at Low Sampling Rates in Wireless Sensor Networks”, Hindawi Publishing Corporation, Journal of
Sensors, Article ID 680383, 9 pages, Volume 2012

AUTHORS

Allam Mousa is an Associate Professor at An Najah University, Departments of Electrical
Engineering and Telecommunication Engineering. He received his BSc, MSc and PhD degrees
in Electrical and Electronics Engineering from Eastern Mediterranean University in 1990, 1992
and 1996 respectively. His current research interests included Digital Signal Processing and
Telecommunications. He has dozens of research papers in international journals and
conferences. Dr. Mousa is also interested in higher education quality assurance and Planning.
He is currently Deputy Presidents for Planning Development and Quality. He is also SMIEEE
and member of Engineering Association.

Nuha Odeh received her B.Sc. degree in Electrical Engineering from An Najah University in
2005. She is currently a master student at AlIQuds University and a research assistant at An
Najah University. She is mainly interested in Digital Signal Processing.

52 | Vol. 4, Issue 2, pp. 46-52



