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ABSTRACT

Context. The direct imaging of potentially habitable exoplanets is one prime science case for the next generation of high contrast
imaging instruments on ground-based, extremely large telescopes. To reach this demanding science goal, the instruments are equipped
with eXtreme Adaptive Optics (XAO) systems which will control thousands of actuators at a framerate of kilohertz to several kilohertz.
Most of the habitable exoplanets are located at small angular separations from their host stars, where the current control laws of XAO
systems leave strong residuals.
Aims. Current AO control strategies such as static matrix-based wavefront reconstruction and integrator control suffer from a temporal
delay error and are sensitive to mis-registration, that is, to dynamic variations of the control system geometry. We aim to produce control
methods that cope with these limitations, provide a signi�cantly improved AO correction, and, therefore, reduce the residual �ux in the
coronagraphic point spread function (PSF).
Methods. We extend previous work in reinforcement learning for AO. The improved method, called the Policy Optimization for
Adaptive Optics (PO4AO), learns a dynamics model and optimizes a control neural network, called a policy. We introduce the method
and study it through numerical simulations of XAO with Pyramid wavefront sensor (PWFS) for the 8-m and 40-m telescope aperture
cases. We further implemented PO4AO and carried out experiments in a laboratory environment using Magellan Adaptive Optics
eXtreme system (MagAO-X) at the Steward laboratory.
Results. PO4AO provides the desired performance by improving the coronagraphic contrast in numerical simulations by factors of
3–5 within the control region of deformable mirror and PWFS, both in simulation and in the laboratory. The presented method is also
quick to train, that is, on timescales of typically 5–10 s, and the inference time is suf�ciently small (<ms) to be used in real-time control
for XAO with currently available hardware even for extremely large telescopes.
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1. Introduction

The study of extrasolar planets (exoplanets) and exoplanetary
systems is one of the most rapidly developing �elds of modern
astrophysics. More than 3000 con�rmed exoplanets have been
identi�ed mainly through indirect methods by NASA'sKepler
mission1. High-contrast imaging (HCI) detections are mostly
limited to about a dozen very young and luminous giant exo-
planets (e.g., Marois et al. 2010; Lagrange et al. 2009; Macintosh
et al. 2015) due to the challenging contrast requirements at a

? NASA HubbleFellow
1 Exoplanet Orbit Database:http://exoplanets.org/

fraction of an arcsecond angular distance from the star which
could be a billion times brighter than the exoplanet.

High-contrast imaging aims to separate the exoplanet light
from stellar light optically, thereby dramatically increasing the
signal-to-noise ratio (S/N) over the one provided by indirect
methods. However, signi�cant advances in HCI technology are
needed to address two major scienti�c questions: the archi-
tectures of outer planetary systems, which remain essentially
unexplored (e.g., Dressing & Charbonneau 2015; Fernandes
et al. 2019); and the atmospheric composition of small exo-
planets outside the solar system, which is especially interesting
because it addresses the question of habitability and life in the
universe.
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