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Argumentaire demande cofinancement ISAE : c’est un projet de recherche miri cet été lors de la
rédaction de mon HDR, que je soutiendrai le 24/11/2021. Il comporte une vraie part méthodologique en
traitement d’images et |A, avec des aspects novateurs, mais aussi une partie applicative. Je pense donc
qu’un financement CNES/ISAE est parfaitement adapté pour ce type de sujet. A noter que j'avais
envisagé de déposer une ANR JCIC sur ce sujet, mais de nouvelles regles cette année m’ont rendu
inéligible.

Theéses actuellement encadrées : 3 (50 %, 50 % et 25%), dont I'une se terminera au printemps.

Candidat.e : nous sommes en train de faire passer des entretiens pour le stage et la these, le choix n’est
pas encore arrété. L’offre a été publiée au niveau local comme national (GDR ISIS, MVA), et nous avons
recu de nombreuses candidatures, dont 4 qui nous paraissent de haut niveau : 2 étudiants ISAE parcours
SDD, 1 étudiant UPS premier de son master, et une étudiante en double cursus aux Mines de Paris et au
MVA.

Sujet de these

Deep neural networks achieved a major breakthrough in computer vision in the past decade,
enabling a dramatic increase in performance for supervised tasks such as image classification or
segmentation. In the last few years, neural networks have also been successfully applied to image
processing or reconstruction tasks such as denoising, deblurring, compression, pan-sharpening or super-
resolution [3, 2]. The standard approach directly solves the image reconstruction task, by end-to-end
training a deep convolutional network on a large amount of data. If a physical model is known (for
instance, the point-spread function for the deblurring task), it can be used to simulate the pairs of clean
and degraded images. In spite of their impressive performance, such end-to-end approaches can hardly
be used in satellite imaging, for at least two reasons. First, such deep architectures are hardly
interpretable and exhibit instabilitites, which limit the confidence in the reconstructed image. Second,
their training require both a large amount of GPU time and the tuning of numerous hyper-parameters.
This is particularly problematic in the context of satellite imaging, since the specificities of the physical
model (noise level, PSF, spectral responses) require to retrain the network for each instrument.

More recent works investigated an alternative way, which consists in using well-known model-
based inversion, the neural networks being used only for regularization. The seminal work in the
literature [1] capitalized on deep generative models, such as variational autoencoders (VAEs) or
generative adversarial networks (GANs). It consists in a synthesis regularization, where the solution is
searched in the latent space of the generative model. In a recent work [4], we showed that a direct
inversion i ge space, termed analysis regularization, can lead to better results, especially in the
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case where the sought image does not exactly lie in the range of the generative model. This will be the
case in satellite imaging, where the size, diversity and complex nature of images prevent to learn a
generative model that perfectly captures the statistics of the images in the dataset.

The objectives of the PhD are to consolidate and extend the results of [4], to make it cope with
the diversity of satellite images. The proposed methods will be adapted and challenged on several real
applications in satellite imaging, such as image denoising, compression artefact removal, image
deblurring or super-resolution.
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