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Adaptive Lifting Wavelet Transform and Image Compression Via Texture
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Abstract  Natural images are rich in texture, while the conventional wavelet transform apply
horizontal and vertical filtering, which fails to provide an efficient representation for image direc-
tional features. The wavelet can’t achieve ideal sparse representation for natural images, which
conclude some defects in image compression. This paper proposes a new adaptive DWT via image
texture. Partitioning the image based on local content, predicting the texture direction of local
image, keeping the orthogonal property, applying directional wavelet filtering, the method is a
chieved by lifting structure with in-place operation. The texture is protected in getting subpixel
by interpolating along predicted direction. The method can be used to construct a new image co-
der with the EBCOT that was adopted in JPEG2000, coding the coefficients and directional infor-
mation respectively. The result of our method is more efficient for representation of natural ima-
ges. The experiments of compression show that the numerical result and visual effect are im-

proved by comparing to the conventional wavelet transform.
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Background

Wavelet transform provides the multi-resolution and mi-
croscopic representations of images, which adapts to the the-
ory of human visual system. Over the past few years, it
brings many significant achievements both in theory and ap-
plication and has become a powerful tool in the field of image
processing. For example, the still image compression stand-
ard JPEG2000 is a good tool for image compression.

With further in-depth study, the limitation of conven-
tional wavelet transform was found when processing higher-
dimensional data. The conventional 2-D wavelet transform
decomposes the image by using one-dimensional wavelet
transform in the horizontal and vertical directions. It can
model the singularities of images. However, natural images
contain rich texture information and the singularity points
with texture directions. The conventional wavelet transform
cannot represent the texture or edge information effectively
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frequency sub-band, the wavelet coefficients of the texture
are not sparse. So the conventional wavelet transform cannot
achieve sufficiently sparse representation and will result in
difficulties, such as the Gibbs phenomenon, in the subse-
quent image processing steps.

Achieving more effective sparse representation of the
texture information of images is a challenging task and has
attracted much interest in the field of image processing.
There are two classes of solutions: adaptive and non-adap-
tive. The non-adaptive methods, such as directional fil-
ters'!), Curvelet transform'*', Contourlet transform, capture
more directional information by increasing the number of the
high-frequency sub-bands. Unfortunately. most of them have
some pitfalls. For example, the mathematical models of ima-
ges are overly simplistic or have certain degree of redundan-
cy. Their implementation is generally complex. Therefore

practical application of those methods to image compression



192 i "

Hl

E

e 2010 4E

is difficult. On the other hand, adaptive methods primarily
increase directional prediction in the transformation, such as
Bandlet transfom and Curved Wavelet transform. Bandlet
transform adaptively tracks geometric orthogonal direction of
images in the high-frequency components of the conventional
wavelet transform, but still has some shortcomings common-
ly exist in the wavelet transform. Curved wavelet transform
partitions image into the fixed-size sub-image blocks, pre-
dicts the orthogonal direction of each block, and applies the
wavelet filter along the orthogonal directions. The trans-
form, however, loses the orthogonal properties. Adaptive
methods in general suffer from the problems of high compu-
tational complexity, complicated numerical implementation,
and low compression ratio.

In order to enable the transformations to capture local
texture information of images and to achieve more effective

sparse representation, the authors introduced the concept of

a matrix deviation degree, and based on the concept, devel-

oped a directional selection method for finding new type of
texture and edge directions. The authors also developed a di-
rection-based image interpolation method for capturing the lo-
cal features and detailed information of images. This paper
proposes an optimization algorithm which adaptively parti-
tions the image based on the rich degree of local texture.
Combining the lifting structure and the directional prediction,
a directional lifting format transform method is proposed to
maintain the local orthogonal property in the transformation.
The proposed algorithm has many important properties, such
as in-place operation, near-perfect reconstruction, and low
computational complexity. It can be used as an image encoder
in conjugation with JPEG2000. Numerical experiments have
shown that the directional wavelet transform method can
compress high-frequency energy and high-frequency coeffi-
cients significantly. Furthermore, it outperforms the conven-
tional wavelet in visual quality with the same bit rate, and

enhances the ability of preserving local target features.



