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Rationale

Initial motivation: rejection of aliasing “post-facto”
using an alternative to optical spatial filters

++ Embed time-progression models into controller

« Use of predictive control can significantly improve AO
rejection close to PSF core

Use synthetic modelling for error budget break-down

Discretise into complex exponentials coefficients
(=Fourier control) and come up with a fast real-time
algorithm
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Synthetic Modelling of AO
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Synthetic Modelling of AO
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Butterfly effect

(a) @bﬁomwmﬁop, ooEHoszS?r a least-squares filter.
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Synthetic Modelling of AO

fittingPSD noisePSD post-coronographic image
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Butterfly effect
removed (under perfect
wind knowledge)

(b) DKF controller |coupled to a least-squares filter.
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Synthetic Modelling of AO

fittingPSD noisePSD post-coronographic image
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Butterfly effect traded for
c) DKF controller lcoupled to an anti-aliasing filter. ~ aliasing =>improved contrastin

certain regions close to core
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Pyramid filters (cross -section)

Use physical-optics description of the pyramid

. Fourier optics and distribution theory applied to pyramid wavefront sensors, R. Conan, 2003
Analytic pyramid filter: Infinite telescope diameter, circular modulation, linear
approximation, cross-terms dropped out, discrete measurement taken into account...
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SR in H band [%]

Error budgeting
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Wave-front reconstruction in the Fourier domain

Direct space Fourier space
convolution in direct space — multiplication in Fourier space
s(x) = Go(x) + n(x) (k) = Go(k) +7i(k)
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- Insight into modal behaviour.

- WEF error links directly to PSF
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E2E simulations
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Summary

Using pyramids increases the limiting magnitude

Use of time-progression models into the controller +
Fourier modes control can improve the rejection at
small separations

Aliasing can be further beaten down using proper
models

Error PSD on complex exponentials => post-
coronagraphic PSF

o useful for post-processing?
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