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Abstract: Astronomical images are often degraded by the disturbance of the Earth’s
atmosphere. Indeed, light propagating to ground-based telescopes is distorted by the
random motions of the turbulent atmosphere. Adaptive Optics (AO) partly solves this
problem by flattening in real time the wavefront. The role of AO is first to acquire infor-
mation about the distortions and then to adjust a deformable mirror to compensate these
optical aberrations. Notwithstanding the efficiency of AO systems, some intrinsic lim-
itations remain. In particular, the presence of unseen aberrations called Non-Common
Path Aberrations (NCPA) still represent a real challenge for extreme AO observation

tasks such as exoplanet direct imaging.

Image-based wavefront sensing methods are specifically designed algorithms dedicated
to estimate the wavefront from science camera intensity measurements. This approach
is particularly desirable as it requires no additional components and solely depends on
the observed images. This thesis thus proposes to improve image-based wavefront sens-
ing techniques using machine learning algorithms. Deep convolutional neural networks
(CNN) have been trained to estimate the wavefront using one or multiple intensity mea-
surements. The efficiency of state-of-the art architectures is reviewed and compared on
two different data sets: 20 Zernike modes and 100 Zernike modes. In both configuration,
the direct pixel-wise estimation of the phase map has been shown to outperform the

modal phase reconstruction.
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FIGURE 1: Unet architecture: deep convectional neural network.
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FI1GURE 2: RMS wavefront error between the exact and the estimated phase map for
the different architectures explored.



