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Resume de la these

Modern imaging systems routinely produce observations corrupted by noise, blur, lim ited resolution, and other acquisition-related degradations that impair
fine structures and compromise the reliability of subsequent analysis. These difficulties are substantially com pounded when the degradation is statistically
heterogeneous, partly signal-dependent, or governed by several simultaneously acting mechanisms—as in mixed Poisson-Gaussian noise encountered in
fluorescence microscopy, clinical MRI, and photon-limited photog raphy, or in inverse problems involving blur and downsampling. Addressing such set tings
requires restoration models that faithfully represent the statistical complexity of the degradation while preserving the geometric and structural content of the
image. This thesis develops three progressive contributions within a unified inverse-problem perspec tive. The first contribution addresses mixed Poisson-
Gaussian denoising through a dependency-aware two-stage framework: a Directional Total Variation (DTV) regular ization stage via ADMM attenuates the
additive Gaussian component while preserving oriented structures, followed by semiparametric copula-based Blind Source Separation whose family is selected
adaptively by the Bayesian Information Criterion, separating the residual Poisson-related component without the restrictive independence assumptions of
classical ICA. The second contribution extends this framework to medical imaging by introducing Structure-Adaptive Directional Total Variation (SA-DTV), in
which a pos itive semi-definite anisotropy tensor derived from the local structure tensor modulates regularization according to local coherence and dominant
orientation, preserving clinically relevant structures such as sulci, white-matter fibres, and vessel boundaries more faithfully than isotropic or fixed-direction
alternatives. The third contribution broadens the scope to general inverse problems—denoising, deblurring, and single-image super-resolution— by introducing
ARANet, a hybrid channel-frequency attention network embedded within a plug-and-play optimization-inspired framework. Trained once as a Gaussian
denoiser, the same ARANet checkpoint is reused across tasks by adapting only the data-fidelity operator, demonstrating its effectiveness as a transferable
learned prior. Experiments on synthetic and real images—covering BSD, Kodak24, Urban100, SIDD smartphone noise, Radiopaedia clinical MRI, and standard
deblurring and super-resolution benchmarks— confirm competitive or state-of-the-art performance across the three contributions, while maintaining
interpretability and principled grounding in inverse-problem theory.

Mots-clés : Image restoration - mixed Poisson-Gaussian noise - copula modeling - blind source separation - directional total variation - structure-adaptive
regularization - MRI denoising - plug-and-play framework - hybrid attention network - image deblurring - single image super-resolution : inverse problems.
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