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ABSTRACT

This doctoral thesis presents a comprehensive study of inverse problems in image
restoration, focusing on recovering high-quality images from a variety of degraded inputs.
It introduces five novel image reconstruction methods that collectively bridge classical
model-based algorithms and modern deep learning approaches. First, an iterative Wiener
filtering and thresholding technique (IWFT) is developed to perform image deblurring
while suppressing ringing artifacts, addressing limitations of traditional deconvolutional
methods. Second, a deep unrolled neural network (D3Net) is designed to jointly solve
demosaicking, deblurring, and deringing in a unified optimization-inspired framework,
blending the interpretability of classical model-based methods with the flexibility of
learned models. Third, a dual-view self-supervised approach (Dual-Cycle) leverages
cycle-consistent generative modeling to fuse two orthogonal light-sheet microscopy
images, producing high-resolution 3D reconstructions without the need for any paired
training data. The fourth contribution pioneers the use of implicit neural representations
for image restoration: a neural field-based demosaicking method (NeRD) that represents
images as continuous functions and achieves reconstruction quality on par with state-
of-the-art supervised methods. Finally, a self-adaptive implicit framework (INRID)
is proposed for image demosaicking, which optimizes a coordinate-based network per
image and robustly handles additional degradations such as blur and noise without
requiring retraining.






ABSTRAKT

Tato disertacni prace predstavuje ucelenou studii inverznich problém0 ve zpracovani
obrazu se zamérenim na rekonstrukci vysoce kvalitnich obrazll z rlizné degradovanych
vstupl. PFinasi pét novych metod rekonstrukce obrazu, jez dohromady propojuji kla-
sické algoritmy s modernimi technikami hlubokého uceni. Nejprve je vyvinuta metoda
iterativni Wienerovy filtrace a prahovani (IWFT) k odstranéni rozmazani obrazu, ktera
zaroven potlacuje prstencové artefakty kolem hran a pfekonava omezeni tradi¢nich metod
dekonvoluce. Dale je navrzena neuronova sit D3Net, kterd v jednotném frameworku
spolecné Fesi problém demosaickingu, dekonvoluce a potlageni prstencovych artefaktd,
pFicemZ kombinuje interpretovatelnost klasickych postup( s flexibilitou nau¢enych mod-
elll pomoci techniky “deep unrolling”. Ttetim pfistupem je metoda Dual-Cycle uréena
pro rekonstrukci dat ve fluorescencni mikroskopii. VyuZiva cyklicky konzistentni genera-
tivni model k fuzi dvou ortogonalnich snimkl a dosahuje vysoce kvalitni 3D rekonstrukce
bez potFeby péarovych trénovacich dat. Ctvrtym pfinosem je prikopnické vyuziti implic-
itnich neuronovych reprezentaci pro demosaicking. Metoda NeRD reprezentuje obraz
jako spojitou funkci definovanou neuronovou siti a dosahuje kvality rekonstrukce srov-
natelné se soucasnymi pokrocilymi metodami. Nakonec je pfedstavena samoadaptivni
metoda demosaickingu nazvana INRID, ktera pro kazdy jednotlivy snimek optimalizuje
vlastni implicitni neuronovou reprezentaci a dokaze robustné zvladat degradace, jako je
rozostfeni a Sum, aniz by vyzadovala dalSi pfetrénovani.
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