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 Abstract
Wavelet algorithms allow considerably  higher

compression rates compared to Fourier transform
based methods. The most important field of applications
of wavelet transforms is that the image is captured in
Jfew wavelet coefficients. The successful applications in
compression of image or in series of images in both the
space and the time dimensions. Compression algorithms
exploit the multi-scale nature of the wavelet transform.
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1. Image Compression - Statement

The effective algorithms are used in images to be
compressed. The programming of algorithms is done in
MATLAB System. Artificial images are used in choosing
the method of evaluation of wavelet algorithms. The real
ultrasonographic images are considered as monochromatic
maps of vectors.

Image compression techmques are very sultable for
storing or sending images using as few bite as possible for
encoding a complete image. A compressed image can either
be exactly equal to the original image, or differ from it in a
limited and controlled way. The general image processing
scheme consist among other of some typical steps as
decomposition,  compression,  decompression  and
reconstruction of the given image.

2. Basis of Theory

In our contribution we consider the MxM matrix

with elements c,(,,‘:,’ as the result of decomposition process,

and aim at its data compression in such a way that full
reconstruction is possible. We use the two dimensional
multiresolution analysis [1], where we denote ¢ the

- J~

generator of a compact supported multiresalution wavelet
basis sausfymg dllatxon equation

2N-1

0(x) =42 th¢<2x k),

and, we obtain the accompanymg »mother® wavelet v
defined by

2N-1.

y(x) =2 ngep(zx — k), g =D

The multlresolutlon transform of the matrix sxgnal
¢ is described at j-th level by the recursions

ch( )= Zcr(njn)¢jm(x)¢jn(y) )
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It is important that these calculation can be performed
easily as matrix operations with suitable implementation in
hardware because likewise hold the recursion relations
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where the matrix operators H, G are sparse M/2xM-
matrices composed from the 4, g; coefficients, respectively
[2]). The signal c*? is the coarse scale information, and,
there are three difference signals: @™V, JO¥*D d(""x’*"
As shows the above construction scheme, the size of low
scale image is a quarter of the size of the original image.
Hence the number of the difference signal coefficients is
three times as large, but corresponding values. are very
small or zeros. This effect plays an important role by
storing and sending of the compressed data.

_-Since the used wavelet bases are orthonormal at any
level [3] the reconstruction- algorithm is defined by the
simple recursion formula as well, because the wavelet bases
properties imply the orthonormahty of the transform
matrices,

The pictures show an example computed with given
Daubechies’ wavelet coefficients hq,...,4; [2]. The original
is in the Figure 1 while the Figures 2 and 3 represent results
of the compression in the x, y - axes direction, respectively.
The main information about the original image is
compressed in upper left corner and other parts of the
figure contain different signal. The Figure 4 shows the
reconstructed image without using the different field
components.
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Figure 3: Twenty five percent compression

Figure 4: Reconstruction of the picture

Algorithms of wavelet computation require the high
speed matrix multiplying. An optimal solution of high
performance computation have its power in more advanced
address manipulation.

3. DSP Real-Time Implementation

The multidimensional array addressing supports the
arithmetic section of Digital Signal Processor (DSP)
TMS320CS50. The raw computation power of DSP is in the
Complex Arithmetic and Logic Unit (CALU). :

The CALU can directly read from or write to the
auxiliary registers. The Arithmetic Address Unit (ARAU)
updates of the auxiliary registers during the decode phase
(the second machine cycle) of pipeline. The ARAU may
autoindex the current auxiliary register while the data
memory location is being addressed. Indexing either by +1
or by the contents of the Index Register INDX.

As a result, accessing tables of information does not
require the CALU for the address manipulation; thus the
CALU is free for other operations in parallel. The INDX
can be added to or subtracted from auxiliary register, which
is controlled by auxiliary register pointer (ARP), on any AR
update cycle. The INDX is one of memory-mapped
registers and is used to increment the address in step of
large two (due to the matrix operators H, G morphology):

Whhh0O ---00 £%00--00gg
go| 0ORARA--00 G| %888 00--00
hh00 ---00 kA 0000 gggs8

The matrix representation is efficient solution to the
implementation of wavelet transforms. In the case of the
algorithm, operations are characterised by rotation and
delay parameters. The complete algorithm structure
provides all possible multiresonlution time-spectral
coefficients in internal DSP memory in 3.59 msec [4].
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The only non-overlapping factor is to be changed.
The algorithm structures are computationally efficient
since, to calculate each coming block of multiresolution
time-spectral coefficients. From the presented formulation
we can see that the analysis structures based on the
developed principle can provide an extremely effective way
to extract the multiresolutional characteristics for frame
synchronous processing systems.

4. Wavelet Transform Coding Error

The wavelet transform is one of the approaches for
image data reduction. In two-dimensional wavelet
transform an image is interpreted as a sum of details which
appear at different resolutions. When considered to MPEG
standard, where image is processed by discrete cosine
transform, the wavelet transform is an serious alternative.

In wavelet transform based algorithms the coding
error is distributed over the whole image without local
phenomenon common for the most discrete cosine
transform based algorithms [5]. The crucial property in
wavelet transform based coding is correct use of the parts
of image through the computation.

Several methods exists for compressing by wavelet
transform images. Algorithms give image quality at small
compression ratio. The sophisticated algorithms are based
on block interpolation with mean values and slight
modifications for better bit allocation for low dynamics
sub-images.

5. Wavelet Transform Efficiency

The fast execution of wavelet transform is necessary
to meet real-time requirements. The efficiency of the DSP
algorithm can be measured by total number of arithmetic
computations needed for its implementation [6].

On the available digital signal processor TMS320C50,
it is possible to launch execution of more then one
arithmetic operations in parallel, Therefore, the execution
speed of an algorithm on the DSP is determined by a
number of instructions required to implement the algorithm
on the DSP, and not on a total number of arithmetic
operations involved in its implementation [7].

6. Conclusions

The short wavelets, such as Daubechies’ wavelets
more efficient implementations can be reduced the
computational complexity. Wavelet transform
implementation has its advantage in using of parallel
instruction set available on TMS320C50.

The data access capability and control instructions
efficiency play the important role on the execution of DSP
wavelet transform algorithms implementation. The method
of image compression is proposed for its simple and
effective way of image compression allowing simple and
cheap hardware implementation. It is expected the further
improvement of efficiency from image decomposition.

The research is partially supported by GACR under
grant 201/96/06635.

References

[1] P. Nacken: Image compression using wavelets. in Wavelels:
An Elementary Treatment of Theory and Applications (Ed.
Tom H. Koornwinder), World Scientific Publ., London 1993,
pp. 81-91

{2] A.B.O. Daalhuis: Computing with Daubechies’ wavelets. (the
same book, pp. 93-105) ‘

[3] |. Daubechies:: Orthonormal bases of compactly supported
wavelets. Comm. Pure and Appl. Math. 41 (1988), pp. 909-
996. ‘

[4] R. Kugera, J. Vigek, K. Vigek:. Image Compression using
Multiresolution Analysis. In Analysis of Biomedical Signals and
Images 13-th Biennial International Conference Biosignal ‘96
Proceedings Brno, June 1996, pp. 38-40.

[5] K. Vigek: Multiplier - Accumulator with Directed Data Flow.
The 2-nd European Signal Processing Conf, EUSIPCO-83,
Erlangen, Germany (Sept. 12 - 16, 1983, North-Holland
Amsterdam, 1983), pp. 833-836.

[6]  A. Baraniecki, V. Parikh: Efficient Implementation of Wavelet
Transform and . its Inverse. Workshop on Design
Methodologies for: Signal Processing, Zakopane, Poland,
(Aug. 29 - 30, 1996), pp. 16-20.

[7]1 TMS320C5x Digital Signal Processor. Texas Instruments
(1994)

About authors...

Radek Kulera was born in Opava (Czech Republic)
in 1968. He received his Diploma (MS) in numerical
mathematics from the Palacky-University of Olomouc in
1991 and thence in 1993 degree Dr (PhD). He is currently
an assistant in Department of Mathematics at the V3B -
Technical University Ostrava. His research interests are in
the areas of constructive approximation theory and wavelet

L transforms.

Jaroslav Vifek was born in Opofno (Czech
Republic) in 1950. He received his Diploma in
mathematics-physics from the Palacky-University of
Olomouc in 1973 and thence in 1983 degree RNDr. (MSc.)
in mathematics as well. In 1985, he received the CSc.
(PhD.) degree in hydrogeology from Faculty of Mining and
Geology V8B - Technical University Ostrava. He is
currently an assistant in Department of Mathematics at the-
VSB-TU Ostrava. His research interests include optical
fibres and wavelet transforms. ‘

Karel VI¢ek was born in Zlin (Czech Republic) in
1948. He received the Ing. (MSc.) degree at Technical
University of Brno in 1971, and CSc. (PhD.) degree at
Czech Technical University in Prague in 1989. Since 1993,
he has been Associate Professor of Czech Technical
University in Prague for Telecommunication. At the time
being, he is at the Department of Control and Measurement,
Technical University of Ostrava. His main field of interests
is investigated in Discrete Signal Processing, and Error
Control Coding, Diagnostics and Reliability, and
Automation of Circuit Design by VHDL.



