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ABSTRACT

The increasing interest on image compression is due to
the increasing necessity of transmission velocity and
memory to keep digital images, on many kind of midia.
In order to reduce the quantity of bits needed to store
images and, consequently, increase their transmission
velocity, many coding methods have been studied,
especially those which utilize transforms.

This paper presents an image compression technique
that codifies edges and textures separately using the
wavelet transform. Several test images have been coded
with the proposed method and the results show that the
reconstructed images have good performance in relation
to their PSNR and, especially, in terms of visual
perception.

1. INTRODUCTION

Our ability to interpret a line drawing as being similar
to the image from which it was derived is a fact that
has obvious importance for image compression, since
line drawings, in general, can be represented with a
smaller number of bits, if compared with gray level
images. Edges and textures represent structural
properties of an image, and a coding method that
dismembers an image in these two categories and codes
this information separately, can be considered a second
generation image coding method as it takes advantage
of the structural properties of such image.

The wavelet transform has been studied with growing
interest, specially by image processing community due
to its similarity with the human visual system[1].

In the present paper two different definitions of wavelet
transform are employed. The dyadic wavelet transform
[2] [3] [4] is used to extract and code the edge
information. Another coding scheme, a wavelet
transform subband based coding [5] [6] is utilized to
code the texture information.

This paper is organized as follows. In Section 2 we
discuss the cdge detection performed by wavelet
transform. In Section 3 the coding process suggested is
described. Finally in Section 4 we summarize our
results and our conclusions.

2. DETECTING EDGES WITH
WAVELET TRANSFORM

It has been shown [2] [3], that multiscale edges can be
detected and characterized with a wavelet transform.
For a particular class of wavelets, called dyadic wavelet
transform, the local maxima of this wavelet transform
provide the locations of edges in images.

If an image is represented as f its dyadic wavelet
transform [2] [3] is defined as:
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scales.

From a practical viewpoint these components can be
obtained by filtering the low frequency image (S :J [
for j=0,S{f=f) using the filters coefficients as
described in [2].

The modulus of the dyadic wavelet transform can be
calculated on each point (x,y) as
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For each scale 27a point (x, y) is considered as a
wavelet transform modulus maximum if its modulus is
bigger than its left and right adjacent points moduli.
These set of points form, at each scale, another image

containing several edges of the original image.

A close approximation to the original image can be
acquired from these multiscale edges if we keep all the
information produced by the wavelet lransform and by
the edge dctection process, that is: edges on each
wavelet transform scale, module and phase information
on these maxima nncmnnc and, a low frennpm-v image
that is obtained by the wavelet transformatmn. The
method for image reconstruction is based on an
alternating orthogonal projections algorithm which
recovers the wavelet components of all scales and the
reconstructed image is obtained by executing the

inversc transformation{2].

3. THE SUGGESTED CODING
PROCESS

As described before, the application of the dyadic
wavelet transform leads to a map containing the edges
of the image. By applying the transformation process
successively we get a different edge map for each scale.
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In order to reach a good compression ratio, some
information should be abandoned in the edge coding
process, like contours that seem to be not “important” to
the image understanding, or edge maps on some scales.
In the proposed method only three scales of the
transform are used. All the three edge maps of these

scales are neCessary for the lﬂldgC reconsiruciion. As a
way of reducing the amount of data stored only the

edae map of the second scale is kept and used as an
€CgC map of WIC SCCongG sCaif 1s XCpl and used as an

approximation of the two others. Also the length of each
edge line is measured in order to discard those smaller
than a given line size.

In order not to lose all the information that has been
discarded, which can impose severe image distortions,
an error image can be obtained by subtracting the
reconstructed image by the edge coding method from

the original one. This error image has most of its energy

concemralea in texture rcglonb and has o be LUUCU
separately by using another coding scheme, like the well

Tnown uroun\nt h-ohcfnrrn cllk\'\anﬂ codino method
NIV YY IL A A2 CWACMIDAVLARL OUULN WA \Jlllb BAAN/LAANILS .

This kind of approach, that is, to code edges using
multiresolution decomposition by means of wavelet
transform and, textures scparately by employing another
coding method, was first proposed by Mallat and
Froment [4]. The proposed coding scheme represents a
step towards an improvement of their method [7].

In the nresent work., the aporoach used for the edoe
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coding is that, the edge selection is based on the length
of the contour line and only one reference edge map is
kept as if the edge locations would not move across
scales. This edge map is preserved by keeping the origin
point of each contour line and its directions across the
map.

The wavelet transform moduli of the selecied edge
points must be kept too. This is done by preserving only
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is applied by using the DPCM (differential pulse code
modulation) and arithmetic coding. Doing this, it is
possible to take advantage of having a short alphabet of
symbols, what increases the arithmetic coding

efficiency.

For the low frequency image produced by the dyadic
wavelet transform, the embedded zerotree waveiet coder
(EZW), defined by Shapiro [5] [6], is used. This
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which has better quality than sub-sampling and
interpolation as used in [4].

The phase values of each selected edge points are
necessary for the use of the alternating orthogonal
projections algorithm [2] as part of the image
reconstruction process. They are not retained in the
compression process and can be recovered by using the
low frequency image produced by the dyadic wavelet
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The error image, that has most of its energy concentrated
in texture regions is low frequency bound, and so, it is
also coded by the Shapiro’s EZW method. In addition to
the satisfactory coding ratio and reconstruction image
quality, the EZW algorithm allows a bit rate control by
means of its characteristics of stopping whenever a
desired bit rate is met.



4. SUMMARY

Many test images were coded using the proposed
method. Table 1 presents some of these results. As can
be seen, the proposed scheme reach better peak signal to
noise ratios (PSNR) than the JPEG (Joint Photographic
Expert Group) method in most of the case.

Table 1 Peak signal to noise ratio (PSNR) in dB
obtained for some test images
IMAGE| LENGTH| COMPRESSION| PSNR | PSNR
RATIO (JPEG
BOAT | (256X256) 1 bit/pixel 27.68 | 23.26
LADY | (256X256) 1 bit/pixel 33.84 | 32.94
LENA | (256X256) 1 bit/pixel 34511 3352
SOLIDS| (256X256) 1 bit/pixel 43.00 | 42.93
SOLIDY| (256X256)] 0.5 bit/pixel 36.67 | 37.03
LENA | (512X512) 1 bit/pixel 38.50 { 37.05
LENA J (512X512)] 0.5 bit/pixel 3493 | 35.01

Also the reconstructed images have peak signal to noise
ratios (PSNR) greater than many methods based on
wavelet transform. Furthermore, one of the principal
advantages of this method is that the contours of the
image arc well defined and are not destroyed by the
compression process, what usually bappens. Visually,
this characteristic is welcome to the human observer, and
can be better observed if we compare the suggested
method with JPEG as we can see in Figure 1 and Figure
2.

The suggested method improves the second generation
coding method proposed in [4]. In addition, it presents
simulation results that have PSNR comparable with
those of the most efficient image coding procedures, with
superior performance in terms of visual perception.

5. REFERENCES

[1] Mallat S., “A Theory for Multiresolution Signal
Decomposition: The Wavelet Representation”
IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol 11, pages 674 - 693,
July 1989.

[2] Mallat S. and Zhong S., “Characterization of Signal
from Multiscale Edges” , IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 14,
pages 710-732, July 1992.

[3] Mallat S. and Hwang W. L., “Singularity Detection
and Processing with Wavelets”, [EEE Transactions
on Information Theory, vol. 38, pages 617-643,
March 1992.

[4] Mallat S. and Froment J., “Second Generation
Compact Image Coding with Wavelets” in Wavelets
- A Tutorial in Theory and Applications (C. Chui,
Ed.), New York Academic , pages 655-678, Jan 1993,

[5]1 Shapiro J. M., “Embedded Image Coding Using
Zerotrees of  Wavelet  Coefficients”,  IEEL
Transactions on Signal Processing , vol. 41,
December 1993.

[6] Barreto C. S., Mendonga G. V.., “Enhanced Zerotree
Wavelet Transform Image Coding Exploiting
Similarities Inside Subbands”, IEEE International
Conference On Image Processing , Lausannc,
Switzerland, September 1996, pages 549-551.

[7] Neves S. R., “Uma Abordagem para a Codificagdo de
Imagens a vpartir das Bordas c Textras via
Transformada Wavelet”, M.Sc. Thesis , Electrical
Engineering Departmenty COPPE / Federal
University of Rio de Janeiro, Brazil, April 1997.



(b) (b)

Figure 1: Lena (512x512) recovered by (a) JPEG and Figure 2: Lady (256x256) recovered by (a) JPEG and
(b) the coding method based on edges and textures, both (b) the coding method based on edges and textures, both
al a compression ratio of 0.5 bit/pixel. at a compression ratio of 1bit/pixel.



