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Detection performance

AUC-ROC evaluated on semi-synthetic data

Detection maps on semi-synthetic data

Detection maps obtained on real 
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Convolutional statistical model

Deep learning for exoplanet detection and characterization by 
direct imaging at high contrast

Théo Bodrito, Olivier Flasseur, Julien Mairal, Jean Ponce,
 Maud Langlois, Anne-Marie Lagrange
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The Problem

Observatory
• Direct imaging of exoplanets is challenging because of:
    - the high angular resolution required,
    - the high contrast between the brightness of the target star and exoplanets.
• In addition, the signals of exoplanets are obscured by the glare of the star,  or 
"speckle pattern", which is primarily caused by wavefront distortion in the 
Earth's atmosphere.

Image Formation Model

Methodology Results
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• The natural rotation of the Earth causes an apparent motion of the 
exoplanet signal, while speckles remain quasi-static.
• Because of diffraction, the relationship between speckle patterns at different 
wavelengths can be approximated by a homothety. 

The proposed architecture recovers the flux of exoplanets by solving:

A. Learnable prior on the speckles: our convolutional statistical model combines 
distributions at multiple scales, joint spectral modeling, and physics-based symmetries. The 
objective function writes:

B. Learnable prior on the exoplanet signal: implemented by denoising the detection map 
(                ) resulting from A.

The architecture is trained end-to-end, by injecting synthetic exoplanets into real observations, 
and maximizing the log-likelihood of the predicted flux.

`

and admits a closed-form optimum:

where:

[1] Bodrito+ "MODEL&CO: Exoplanet detection in angular 
differential imaging by learning across multiple observations" 
MNRAS 2024.
[2] Flasseur+ "Exoplanet detection in angular differential 
imaging by statistical learning of the nonstationary patch 
covariances" A&A 2018.
[3] Marois+ "Angular differential imaging: a powerful high-
contrast imaging technique" A&A 2006.
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