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Motivation: Study the impact of different update rules in multiresolution block-coordinate descent algorithms.

Imaging inverse problems

ExperimentsSetting
Low blur / High noise High blur / Low noise

[1] Briceño-Arias, L., Gonçalves, P., Lauga, G., Pustelnik, N., Riccietti, E. (2025). A flexible block-coordinate forward-backward algorithm for
non-smooth and non-convex optimization. arXiv preprint. 
[2] Chouzenoux, E., Pesquet, J-C., Repetti, A. (2016). A block coordinate variable metric forward-backward algorithm. Journal of Global
Optimization, Springer.

Comparing different update rulesBlock-coordinate descent (BCD) algorithms

Classical optimization method Multiresolution decomposition

Linear operator     : 

Additive Gaussian noise
with variance

Noise    :

Ground truth Blur + noise Reconstruction Blur + noise
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Goal: Reconstruct an image from a degraded observation. 

Ill-posed inverse problem

Solution may not be unique

The inverse operator may not exist or lead to irregular estimate:

The descent steps on high frequencies are the most efficient
In a low blur / high noise context: favor methods that focus on high
frequencies. 

All blocks are updated simultaneously

Blocks are updated one after the other
from the coarsest scale to the finestallows to choose which blocks 

are updated at each iteration

Under the following assumptions:

These methods converge to a minimizer.

Convex objective function Lipschitz-continuous
partial gradients

Stepsize bounded by
inverse of Lipschitz constant

Every block is updated
infinitely many times

Approximation coefficients are
updated from the coarsest scale
to the finest
(studied in [1])

Detail coefficients are
inserted in between
the previous updates

Build a reconstruction by solving an optimization problem: Wavelet transform: multiscale representation that decomposes 
an image into its low-frequency part (approximation coefficients) 
and its high-frequency components (detail coefficients).

Forward-Backward (FB)Optimization problem written in wavelet domain [1]

Block-coordinate descent Forward-Backward algorithm

Convergence of block-coordinate methods [2]

Cyclic

Data-fidelity
Ensures that

Reduces the search space 
by imposing some prior 

on the solution

Regularization

Original image Observation

D
eblurring

Inpainting

Original image Observation

The Forward-Backward algorithm

Reconstruction examples

Image as wavelet blocks

Small variations in big variations in

Approximations

Approximations
then details

Orthonormal wavelet transform:
can be performed recursively up 
to a scale     to get a decomposition  

: block    is updated at 
  iteration k
: block    is not updated at 
  iteration k

s

s

The descent steps on low frequencies are the most efficient
In a high blur / low noise context: favor methods that focus on low
frequencies. 

Reconstruction
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Recent a
dvances Contributions

Contributions

Image size: 
Number of decomposition
levels:

Gaussian blur with
2D variance
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