Super-resolution wavefront reconstruction
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Abstract

Super-resolution is a technique that seeks to upscale the resolution of a set of measured
signals. Super-resolution retrieves higher-frequency signal content by combining multiple
lower resolution sampled datasets. This method is well known both in the temporal and
spatial domains, and widely used in imaging to reduce aliasing and enhance the resolution
of coarsely sampled images. This talk describes the novel application of the super-resolution
technique to the bi-dimensional wavefront reconstruction. In particular, we show how super-
resolution is intrinsically suited for tomographic multi WaveFront Sensor (WFS) AO systems
revealing many of its advantages with minimal design effort.

Starting from an intuitive mono-dimensional case, this talk provides a mathematical for-
malism for analyzing super-resolution configurations, followed by a numerical analysis of
simulated SR systems for representative multi-WFS SH AO systems. Our results show that
combining several WFS samples in a SR framework grants access to a larger number of modes
than the native one offered by a single WFS. We also show that the associated noise propa-
gation is not degraded under super-resolution. Then, the application of the super-resolution
concept to future AO system design is illustrated for the cases of MORFEO, HARMONI-
LTAO and MAVIS. Finally, we present some first results of on sky validation with GALACSI
NFM and explore the extension of the method to Pyramid WFSs.

In summary, Super-resolution applied to Wavefront sensing and its reconstruction offers a
new parameter space to explore as it decouples the size of the subaperture from the desired
wavefront sampling resolution. By cutting short with old assumptions, new, more flexible
and better performing AO designs become now possible.
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