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Abstract

Wavelet theory and its application have grown tremendously during the last
decade. It has become a cutting edge technology in computer and human
vision, neural network detecting self-similar behaviour in a time-series area of
image processing. This paper synthesise on the amount of compression done,
which depends on the threshold value and level of decomposition. The
comparison is made on the basis of compression ratio for all members of
different wavelets at decomposition level 2 and 5 using wavelet transform.
Image compression reduces the storage requirements or transmission time
when the information is communicated over a distance. The compression
process is achieved by quantising and thresholding the wavel et coefficient.

Keywords: Image Compression, Discrete Wavelet Transforms, Compression
Ratio.

Introduction
Fourier Transform is not suitable for non-stationary time varying signal and Short
Time Fourier Transform lags in resolution but Wavel et
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Transform has the ability to analyse any time varying signal and processes data at
different resolution [1]. Wavelet Transform is better choice than traditional Fourier
Transform because of its ability to localise in frequency and time domain
simultaneously. It uses its multiresolution capability to decompose the image into
multiple frequency bands. Also it provides very low mean sguare error, high
compression ratio and good image quality. It is suitable for application where
scalability and tolerable degradation are important for its inherent multiresolution
nature wavelet coding schemes. In addition, they are better matched to the human
visual system [2, 5].

Types of Wavelet Transform

Wavelet transforms treats both continuous and discrete time cases. The choice
depends upon orthogonality, compactness, width and shape of wavelet function [3]. In
continuous wavelet transforms (CWT), asinusoidal time varying signal is analysed by
calculation inner products with test functions (generated from one oscillating function
called wavelet function). In discrete wavelet transform (DWT), filters of different cut-
off frequency are used to analyse the signal at different scales. A higher scale
corresponds to stretched wavelet. CWT uses Maxican Hat Wavelet for the analyses of
ECG signals whereas haar, sym, bior, coif and rbio in DWT iswavelet family used for
image compression. Haar, Daublets (db), sym and coif are orthogonal wavelets from
which haar wavlet is simplest and fastest to implement. Unlike haar, symmetry and
asymmetry is not possible for real compactly supported orthogonal wavelets.
Biorthogonal wavelets (B-Spline and V-Spline) are symmetric and exhibit the
property of linear phase which is needed for signal and image compression [4, 6].

| mplementation

Digital image compression is based on the ideas of sub-bands decomposition or
DWT. Redundancy and irrelevancy reduction are the two fundamental components of
image compression. Wavelet based image coders are typically comprised of three
major components: wavelet filter bank decomposes the image into wavelet
coefficients which are then quantised in a quantiser and finally thresholded which
makes the coefficient smaller than a chosen threshold value (zero) obtained from the
guantiser [1]. As a result, some hits are reduced producing an output bit stream
(compressed image). The implementation steps for image compression are shown in
Figure 1.
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Figure 1: Implementation Steps for Image Compression.

While compressing an image, compression ratio (CR), compression time and
energy ratio are taken into consideration. The image compression mainly depends on
the wavelet used and level of decomposition.

Performance parameter CR with respect to different threshold (THR) values are
obtained for all members of different wavelets at decomposition level 2 and level 5
using wavelet transform. From the various simulations haar, dmey, db2, coifl, sym4,
symb5, biorl.2 and rbio3.1 gives maximum CR at different THR values at level 2 and
haar, dmey, db2, coifl, sym4, biorl.3, rbio3.1 and rbiol.3 gives maximum CR at
different THR values at level 5 as shown in Table 1 and 2 respectively.
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Table1: THR vs CR for different wavelets at level 2.

haar | dmey | db2 coifl | syvm4 | symS |biorl.3 |rbiod.1

THR| CRK CR CR CR CR CR CR CR

3 | 21.6% | 27615 | 26215 | 26717 | 28.19% | 27.954 | 24,483 | 17.052
10 | 46500 |45.245 | 47641 | 48,155 | 45,652 | 30.004 | 45418 | 30.31%
20 | 68976 | T0.06T | 7245 T4081 | 74206 [ 68331 | 49.564
30 | 80536 | 78183 | 8L 83.168 | 85.146 | 30.165 | 61.804
40 | 86.0% | 81.65% | 836.7534 | 86.741 | 36.75% | 86.675 | §5.288 [ 70046
50 | B8535 | 83598 | 88.80% | 88.796 | B8.558 | 88,453 | 87886 | 75854
60 | 90183 | 84.826 | 20072 | S0.048 | 85.77 | 8%.67% | 85460 [ 80.327
TO | 912658 | 85765 | 81.011 | S1.006 | S0.666 | 50.576 | 80.517 [ 83.232
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Table2: THR vs CR for different wavelets at level 5.
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Simulation Results
Simulations have been performed to compare the image compression ratio (CR) using
number of wavelets. The original standard indexed image of Barabra with 256 X 256
pixelsis used as the test image. After examining the THR vs CR comparison table for
different tables the following observations are made

For Level 2: In the low threshold range 5 to 40, the wavelet sym4 gives the
highest CR. At THR = 50, the wavelet db2 gives the highest CR. In the threshold
range 60 to 500, the wavelet haar gives the highest CR. In the threshold range 5 to 80,
the wavelet rbio3.1 gives the lowest CR. In the threshold range 90 to 500, dmey gives
the lowest CR.

For Level 5: The wavelet rbiol.3 gives the highest CR in the threshold range 30 to
90 and the wavelet haar gives the highest CR in the threshold range 100 to 300. The
wavelet rbio3.1 gives the lowest CR in the threshold range 5 to 40 and dmey gives the
lowest CR in the threshold range 50 to 500.

The curves of THR vs CR for competing members of wavelet family have been
calculated and depicted in Figure 2 and Figure 3 for level 2 and level 5 respectively.

THR VS. CR comparison for different Wawelets at Level 2
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Figure 2: Simulation Results of THR vs. CR for different Wavelets at Level 2.



280 Er. Tripatjot Sngh et al

100

THR VS. CR comparison for different Wawelets at Level 5
T T T

N S

90 *
) 1
&
e ,
g ol /) ' —o— thio1.3| |
e / —+— sym4
B ]/ - —% - haar
g 6or /, —<~ dmey |
g /)
IS
Q
o

50%

a0V ]

30 L L L L L L L L
10 20 30 40 50 60 70 80 90 100
Threshold Value (THR)

Figure 3: Simulation Results of THR vs. CR for different Wavelets at Level 5.

Conclusion

Higher CRs can be achieved at the expense of the quality of the image by quantizing
the image coarsely or by using a higher threshold value or by increasing the
decomposition level. At level 2, inspite of having highest CR in the higher THR
range, wavelet haar cannot be used for image compression. For image compression,
db2 is preferred in the higher THR range as the image degradation is within the
tolerable limit as depicted in Figure 4 (a). For level 5, the wavelet rbiol.3 is preferred
for image compression in the lower threshold range. The image degrades for higher
threshold values as shown in Figure 4 (b). The decomposition level has been
increased up to 5 because above this level the image degradation will be beyond the
tolerable limit.



Performance and Comparative Analysis of Still Image 281

original image

compressed image

100

150

200

250

(@

(b)

Figure 4: (a): Image Compression using Wavelet db2 at THR 60 for Level 2
(b): Image Compression using Wavelet rbiol.3 at THR 100 for Level 5.
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