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Abstract

Synthetic Aperture Radar (SAR) systems have emerged, during the last decades, as a useful tool to gather

and to analyze information from the Earth’s surface. Owing to its coherent nature, this type of systems

can collect electromagnetic scattering information with a high spatial resolution, but, on the other hand,

it yields also speckle. Despite speckle is a true electromagnetic measurement, it can be only analyzed as a

noise component due to the complexity associated with the scattering process. A noise model for speckle

exists only for single channel SAR systems. Consequently, the work presented in this thesis concerns the

definition and the comprehensive validation of a novel series of multidimensional speckle noise models,

together with their application to optimal speckle noise reduction and information extraction.

First, a speckle noise model for the Hermitian product complex phase component is derived in the

spatial domain and translated, subsequently, to the wavelet domain. This analysis is especially relevant

to interferometric SAR data. This model demonstrates, on the one hand, that the wavelet transform

itself is an interferometric phase noise filter that maintains spatial resolution. On the other hand, it

makes possible a high spatial resolution coherence estimation. In a second part, a speckle noise model for

the complete Hermitian product is proposed. It is proved that speckle is due to two noise components,

with multiplicative and additive natures, respectively. The multidimensional speckle model, relevant for

polarimetric SAR data, is finally derived by extending the Hermitian product noise model.

From a multidimensional speckle noise reduction point of view, this noise model allows to prove that

the covariance matrix entries can be processed differently without corrupting the signal properties. On the

other hand, it allows to redefine, and to extend, the principles under which an optimum multidimensional

speckle noise model has to be set out. On the basis of these principles, a novel polarimetric speckle noise

reduction algorithm is proposed.

KEYWORDS

Synthetic Aperture Radar (SAR), Multidimensional SAR imagery, SAR Interferometry, SAR Po-

larimetry, Polarimetric SAR Interferometry, Speckle Noise, Speckle Noise Modelling, Speckle Noise Fil-

tering, Coherence Estimation, Wavelet Transform
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