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Fig. 1 The Filtering Results of Different Algorithms for SAR Image
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Fig.2 A Synthetic Speckled Image and the Filtering Results
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A Speckle Filtering Method of SAR Images
Based on Wavelet Analysis

. 1 .1
BU Fangling® XU Xin
(1 School of Electrical Information, W uhan Universitys 129 Luoyu Road, W vhan, China 430079)

Abstract: The images of synthetic aperture radar(SAR) have been widely used in many important
fields. Like any coherent im aging system, SAR systems are subject to speckle effects. This noise is
conspicuous in single-look SAR images which disturb image interpretation and target classifica-
tion. Therefore, to extent the use of SAR images, effective speckle reduction techniques are highly
desirable.

Based on the principle of multiresolution wavelet analysis, a new filter for suppression speckle
in SAR is proposed. For images, an algorithm similar to the one-dimensional case is possible for
two-dimensional wavelets and scaling functions obtained from one-dimensional ones by tensorial
product. This kind of discrete two-dimensional wavelet transform leads to a decomposition of ap-
proximation coefficients at level j+ 1 in three components: the approximation at level j and the
details in three orientations (horizontal, vertical, and diagonal). The “approximate image” at level
j is composed of the low frequency parts in both row and column directions of approximate image
at level j+1.And the there “detail images” contains its high frequency com ponents separately in
horizontal, vertical, diagonal directions. The approximate image is iteratively decomposed into four

sub-images level by level. A pyramidal wavelet decomposing structure is thus constructed. It is tes-

(T4 % 330 M)

Mallat S. A Theory of Multiresolution Signal Decompo-
sition: the Wavelet Representation. IEEE Trans. PAM],



330 ° 2001

ing found. Several approaches have been proposed to resolve those problems. In this paper, the
mathematical geomorphology is considered as a new way while being applied for remote sensed im -
age. The details of the principles have been discussed. As the operation of dilation is sensitive to
the edges, the effects are more distinguished when compared with the original image. Same effects
could be found when using the operation of erosion, while the analysis for opening and closing has
shown the better results with less influence of noise. The discussion about the combination of dif-
ferent operations has been also introduced for further applications. The image resulted from dila-
tion and that from erosion can be put into a new one in which the edges could be enhanced with
precise positions. Other combinations such as that for opening and closing can have the better ef-
fects than that by using dilation or erosion only. The structure elements of different size of win-
dow s have been discussed according to their effects. The experiments for comparison with conven-
tional gradient operator show that the method of mathematical morphology has the advantages of
edge enhancement and less influence of noise.

Key words: m athematical geomorphology ; edge enhancement; structural elements
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tified that the subspaces level of 4 or 5 is adequate for multiresolution wavelet analysis of an image
(1024 X 1024). At each stage of the multiresolution pyramid, the approximate signal is low-pass
filtered and decimated. And the wavelet coefficients are computed by high-pass filtering. It is
proved that the signal energy concentrates on the wavelet coefficients of higher absolute value, and
that the coefficients of high absolute value is more valuable than that of low absolute value in the
signal wavelet reconstruction. It is also demonstrated that the effect of speckle is more serious in
higher frequency parts, and the speckle decrease sharply as the image is low-filtered. So it can be
considered that the speckle in 4 or 5 level approximate image can be ignored. The detail images of
each subspace in which the ratio of signal to speckle is comparatively low are processed. The
speckle of detail image at high frequency level is suppressed comparatively more by soft-threshold
technique while the speckle at low frequency is suppressed comparatively less. The filter’ s thresh-
old is computed according to the number of level, the variance and the length of each detail im-
ages.

The result image which is reconstructed by the processed detail images of each level is esti-
mated through the effect of vision, the quantitative analysis such as mean, standard and variance,
and the analysis of preservation of edge and detail. The filtering results of ERS-1 SAR image and
image with simulated speckle show that the method proposed in this paper is satisfying in visual
appearance, speckle suppression and detail preservation.

Key words: multiresolution wavelet analy sis; speckle; threshold; effective number of looks
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