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Abstract

Realization on the Direct Two-dimensional Wavelet

Transform

Akihiro CHIBA

Recently, various standards are proposed to improve compression efficiency of an
image. In JPEG2000, which is the next generation standard of still picture compression,
Discrete Wavelet Transform (DWT) is used for the transformation|[1].

Transformation efficiency of DWT depend on image size, where the larger the
size is, the higher the efficiency is. Consider a processing of X-Y separable DWT.
First, it is one dimension transformed in X direction. Then, the transformed result
is recorded to temporal memory. Second, Y direction DWT processing starts using
the recorded results. Therefore, the temporal memory size becomes nearly 1M Byte in
VGA size picture processing. If a X-Y separable DWT is implemented in a LSI chip,
this large memory causes large LSI chip size. On the other hand, multi-core LSI can
increase operating performance as well as lower its power dissipation in recent LSIs.
Therefore, even if a number of DWT operations increases, a method of excluding large
capacity memory should be chosen. The reported Direct Two-dimensional 5/3 Wavelet
Transform without memory (2D 5/3 wavelet)[2] is derived, based on this strategy[3].
However, 9/7 wavelet transform processing without memory on the structure of the
reported 2D 5/3 wavelet leads to a huge number of operations. The reason is that
9/7 wavelet transform use 7 order filters instead of 3 order filters. When a picture has

N pixels in X direction and M pixels in Y direction, a number of required additions



becomes 32N x M, and that of multiplications becomes 10N x M. This is 4 times
additions and 1.6 times more multiplications, compared to those for X-Y separable 9/7
DWT.

This thesis proposes a new Direct Two-dimensional Wavelet Transform. The new
method is based on employing 3 order filters for the one dimensional 9/7 lifting structure.
This strategy means that a higher order filter should be constructed by the combina-
tion of lower order filters. A high order filter is realized by a tandem connection of 3
order filters. This strategy leads a general method to construct Direct Two-dimensional
Wavelet Transform without memory. For instance, this strategy can generate higher
order filter than 9 order filter which is used to 9/7 wavelet transform. This strategy
decreases a required number of operations for 2D 9/7 wavelet transform without mem-
ory. As a result, a number of additions becomes 12N x M and that of multiplications
becomes 5.5N x M. This result shows that a total number of additions becomes 37.5%
and that of multiplications becomes 55%, compare to reported 9/7 transform on the 5/3
transform structure. When these operations are compared to those for X-Y separated
DWT, a number of additions increases 50% but that of multiplications decreases about
8%. Although the proposed method increases number of additions, the method enables
excluding temporal memory. As a result, required LSI size will be decreased.

In addition, this method is simulated for LSI system implementation. This sim-
ulation verify that 16 bit operations generate a lot of noise by rounding errors. The

obtained signal to noise ratio (S/N) becomes 67 [dB|.
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