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ABSTRACT: This paper deals with the JPEG
Encoder for image compression upon comparing the
performance of DWT compression with DCT
compression. The wavelet transform has emerged as
a cutting edge technology, within the field of image
compression. Wavelet- based coding provides
substantial improvements in picture quality at higher
compression ratios. Due to multi resolution nature of
wavelet transforms, they have been adapted by the
JPEG2000 standard as the transform of choice.DWT
yields higher compression ratio and better visual

quality.

Index Terms: DCT, DWT, JPEG, Wavelet image
compression.

1. INTRODUCTION

Despite all the advantages of JPEG compression
schemes based on DCT namely simplicity,
satisfactory performance, and availability of special
purpose hardware for implementation; these are not
without their shortcomings. Since the input image
needs to be “blocked," correlation across the block
boundaries is not eliminated. This results in
noticeable and annoying “blocking artifacts"
particularly at low bit rates .Lapped Orthogonal
Transforms (LOT) attempt to solve this problem by
using smoothly overlapping blocks. Although
blocking effects are reduced in LOT compressed
images, increased computational complexity of such
algorithms do not justify wide replacement of DCT
by LOT. Wavelets are functions defined over a finite
interval and having an average value of zero. The
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basic idea of the wavelet transform is to represent any
arbitrary function (t) as a superposition of a set of
such wavelets or basis functions. This basis functions
or baby wavelets are obtained from a single prototype
wavelet called the mother wavelet, by dilations or
contractions (scaling) and translations (shifts). The
Discrete Wavelet Transform of a finite length signal
x(n) having N components, for example, is expressed
by an N x N matrix.

Discrete  Wavelet  Transformation (DWT)
transforms discrete signal from the time domain into
time frequency domain. The transformation product
is set of coefficient organized in the way that enables
not only spectrum analysis of the signal but also
spectral behavior of the signal in time. The wavelet
transform has emerged as a cutting edge technology,
within the field of image compression. Wavelet-
based coding provides substantial improvements in
picture quality at higher compression ratios . Over the
past few vyears, a variety of powerful and
sophisticated wavelet-based schemes for image
compression have been developed and implemented.
JPEG 2000, the new ISO/ITU-T standard for still
image coding, is wavelet-based compression
algorithm. This second generation algorithm is being
designed to address the requirements of very different
kinds of applications, e.g. Internet, color facsimile,
printing, scanning, digital photography, remote
sensing, mobile applications, medical imagery,
digital library and e-commerce.

The rest of the paper is organized as follows:
Section Il describes the architecture of the proposed
DCT based JPEG Encoder and Wavelet based JPEG
Encoder. Section Il discusses the implementation of
the algorithm. Section IV presents the results of
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applying the Encoder to test images. Finally, section
V states the work conclusion.

2.ARCHITECTURE

A block diagram of the proposed DCT based
JPEG encoder and Wavelet based JPEG encoder are
shown in figure 1 and figure 2.
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Figurel: DCT based JPEG Encoder
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Figure 2: DWT based JPEG Encoder
1. Performance Comparison: DCT vs. DWT

A final word on the performance of wavelet-
based and JPEG coders. The peak signal to noise
ratios (PSNR) of several different wavelet
compression techniques applied to the 512 x 512, 8-

bpp Lena image as well as the performance of a
baseline JPEG image compressor are compared in
and are reproduced in 1. It is seen that, at
compression ratios less than 25:1 or so, the JPEG
performs better numerically than the simple wavelet
coders. At compression ratios above 30:1, JPEG
performance rapidly deteriorates, while wavelet
coders degrade gracefully well beyond ratios of
100:1. The graphs in figure 3 also show that both the
encoding technique and the particular wavelet used
can make a significant difference in the performance
of a compression system: the zero tree coder
performs the best; biorthogonal perform better than
W6; and variable length coders (VLC) perform better

thanfixed length coders (FLC).
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Figure 3: Comparison of Wavelet Compression methods

2. Comparison of DCT and wavelet based ImageCoding

When the Wavelet Transform coupled with the
baseline JPEG quantizer, the wavelet coefficients are
rearranged into wavelet blocks and scanned into
vectors before scalar quantization and Huffman
coding. A gain of 1 dB was reported for Lena with
the wavelet based JPEG.
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If we fix the SPIHT quantizer and is use it to
quantize the DCT coefficients, we will have a DCT
based embedded image coder. An 8x8 DCT image
representation can be thought of as 64 sub band
decomposition, and that we can treat each 8x8 DCT
block as a depth-three tree of coefficients. The DCT
based coder has lower complexity than its wavelet-
based counterpart. The loss in performance for using
DCT instead of the wavelet-transform is only about
0.7db for Lena at 1 b/p.

3. JPEG2000 Algorithm

e Division of the image into rectangular, non-
overlapping tiles. Tiling of components
with different sub-sampling factors w.r.t. a
high resolution grid.

e Maintaining the size of each tile to be the
same, with the exception of tiles around the
border (all four sides) of the image.

e Conversion of the input series into high-pass
& low-pass wavelet coefficient series (of
length n/2 each) using DWT.

e The high-pass & low-pass wavelet coeff.
series are given by:

H = f X, .S (2)
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e Uniform scalar quantization of the wavelet
coeff. employing a fixed dead-zone about
the origin.

e Division of the magnitude of each coeff. by
a quantization step size and rounding down.
Division of each sub-band into regular non-
overlapping rectangles by “packet partition”.

e Three spatially consistent rectangles (one
from each sub-band) comprise a packet
partition location.

e Code-blocks obtained by dividing each
packet partition location into regular non-
overlapping rectangles

4. Wavelet Compression

We compared the quality of JPEG compressed
images against the quality of images compressed with
a variety of wavelet filters, in terms of the SNR and
the subjective image quality. We looked at 3
important classes of images: 4 natural images, 3
synthetic images and 4 textual images were used. The
images were all 256 by 256 in size.

Natural images
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Figure 4: Top to Bottom: Lena, Barabara, Baboon

Synthetic images

Figure 5: Top to bottom: Sinusoid 1 (1 cycle every 100
pixels), Sinusoid 2 (5 cycles every 100 pixels), Checker
pattern

5. RESULTS
Performance Comparison of the DCT based

embedded image coder and the SPIHT coder when a
three level wavelet transform is used.

Rate SPIHT with 3-level | Embedded DCT
Wavelet (8x8 DCT only)
b/p Lena Barbara | Lena Barbara
0.125 30.13 24.16 28.50 | 24.07
0.25 33.53 27.09 32.27 | 26.93
0.75 38.86 34.00 38.04 | 33.73
1.00 40.23 36.17 39.60 | 36.08
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JPEG (DCT)Image JPEG-2000 (DWT)Image
(43:1 compression ratio)  (43:1 compression ratio)

Original Bitmap Image

The DWT-based JPEG-2000 image compression has a

rate-distortion advantage over the original JPEG.

6. CONCLUSION

While the DCT-based image coders perform very
well at moderate bit rates, at higher compression
ratios, image quality degrades because of the artifacts
resulting from the block-based DCT scheme.
Wavelet-based coding on the other hand provides
substantial improvement in picture quality at low bit
rates because of overlapping basis functions and
better energy compaction property of wavelet
transforms. Because of the inherent multi resolution
nature, wavelet-based coders facilitate progressive
transmission of images thereby allowing variable bit
rates. We have briefly reviewed some of the more
sophisticated techniques that take advantage of the
statistics of the wavelet coefficients. The upcoming
JPEG-2000 standard will incorporate many of these
research works and will address many important
aspects in image coding for the next millennium.
However, the current data compression methods
might be far away from the ultimate limits imposed
by the underlying structure of specific data sources
such as images. Interesting issues like obtaining
accurate models of images, optimal representations of
such models, and rapidly computing such optimal
representations are the "Grand Challenges" facing the
data compression community. Interaction of
harmonic analysis with data compression, joint
source-channel coding, image coding based on

models of human perception, scalability, robustness,
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error resilience, and complexity are a few of the
many outstanding challenges in image coding to be
fully resolved and may affect image data

compression performance in the years to come.
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