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Abstract Image quality

We investigate image-based wavefront correction with Image quality can be assessed by various criteria. The

active optics for future large space telescopes. We PSF, the MTF, and wavefront maps deliver more than

use an image-sharpness metric as merit function to a single number. The Strehl ratio, the RMS wavefront

evaluate the image quality, and we use the Zernike error, and image-sharpness metrics deliver a single

modes as control variables. In severely aberrated number and allow ranking of different optical systems.

systems with several A of aberration and low Strehl Their global optimum is for zero aberration, but their

ratio, the Zernike modes are not orthogonal to each ranking can differ for large aberrations.

other with respect to this merit function. We discuss The Strehl ratio (S) becomes multiple-valued with

the physical causes for this non-orthogonality and respect to the RMS wavefront error (o) for o > 0.2A.
its implications. Each curve has a different constant astigmatism 0° (z,).
Defocus (z,) increases with o along each curve.

M eth Od _ _ Examples of 2D landscapes of the merit function
Merit function (MF) calculated for the PSF.

Image-based wavefront correction without wavefront sensingis ablind A common image-sharpness metric of Ili?;tl;t?ec:tr?tfri Stafzr?aan%fﬂﬁg}rauon
optimization where an algorithm iteratively adapts the surface of the Muller and Buffington!": ' )
active element. The performance of the correction is determined by:
1. the merit function, 2. the control domain, and 3. the algorithm. What is the merit function in

the control domain like? l
Control domain o - ’“

Zernike modes

Merit
function

set surface * The Zernike modes are balanced with
for best MIF respect to g, but not with respect to
S and MF for large aberrations.

- We use the Wyant notation. Algorithm design

e.g., line search, evolutionary algorithm

Results

Balancing secondary astigmatism (z,,) with primary astigmatism (z,)

Balancing astigmatism (z,) with defocus (z,) The addition of primary astig-
matism 0° increases the wave-

front deviation at the edges of
the aperture but smoothens
the wavefront in the central
region. This dependence can
be mathematically expressed
by the formulas for scaling the

Adding defocus of z, = +z,/2 in the Zernike modes to a smaller

presence of astigmatism 0° leads to radius!?!:
better MF.

For combinations of Zernike modes with the same azimuthal order:
To achieve a better merit function, a flatter wavefront in the central region of the aperture is
more important than the RMS wavefront error across the full aperture.

Balancing trefoil (z,) with coma (z,)

Conclusions

* In certain cases, when adding a Zernike mode, the merit function is improved, although the
RMS wavefront error increases. In all examples shown in this poster, the improvement of
the merit function comes with an increase of the Strehl ratio. However, it does not always
come with an improvement of the contrast at a certain range of spatial frequencies.

* The non-orthogonality of the Zernike modes should be taken into account when design-
iIng the algorithm for image-based wavefront correction, because it may slow down the
process or lead to premature convergence. If the algorithm optimizes the Zernike modes
separately, several iterations over all the Zernike modes are required to ensure that the
global minimum is found®!.

Adding coma x of z,= z_ in the
presence of trefoil 0° leads to
better MF.

Balancing astigmatism (z,) with trefoil (z,)
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