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Table 3. Simulation parameters.

Atmosphere parameters Value Detector parameters Value
Altitude [km] 0 1 5 10 20 Photon noise True
Cn2 profile 0.45 0.1 0.1 0.25 0.1 Readout noise 0

Wind speed [m/s] 10 12 11 15 20 Quantum efficiency 1
Wind direction [°] 0 72 144 216 288 PSF sampling Shannon sampl.

Seeing [arcsec] 0.5 Binning 1
Outer scale (L0) [m] 15

Telescope parameters Value NGS parameters Value STO parameters Value
Diameter [m] 4 Optical band J2 Optical band K

Sampling Time [s] 1/1000 Central wavelength [nm] 1550 Central wavelength [nm] 2179
Central obstruction [m] 0.1 Bandwidth [nm] 260 Bandwidth [nm] 410

fov [arcsec] 10 Magnitude 8 Magnitude 8
Spiders thickness [m] 0.05 Coordinates [0,0] Coordinates [1,0]

Notes. NGS: natural guided star, STO: scientific target object.
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Fig. 10. From top left to bottom right: Kolmogorov phase screen with overlaid microlens array during the first iteration of the control loop, mean
phase per subaperture, interferometric signal at the WFS output, wavefront sensor output, deformable mirror shape, and location of the actuators,
marked with a cross, and residual WFE for a 10x10 microlens array at a seeing of 0.5 arcsec after 500 iterations.

∆ϕi = sgn
(
Ip,i(r, 0) − Ip,i(r, ζ)

)
arccos

(
Ip,i(r, 0)

2I(r)
− 1

)
. (11)

Here ∆ϕi = ϕi+1 − ϕi, Ip(r, 0) represents the first
measurement, without any phase delay, and Ip(r, ζ) represents
the second measurement with a phase delay ζ. These intensity
measurements are calculated using Eq. (5).

The final interferometric pattern, presented in Fig. 10, is
then obtained. The phase shifts that should be applied by each
actuator in the DM are denoted by Tk in Eq. (12),

Tk =

k∑
i=1

∆ϕi, (12)

where the subindex k corresponds to each of the actuators of the
DM and follows the snake pattern. As can be seen, the phase
information at each mirror depends on the phase information
of the previous one. This is the reason why the configuration
presented in Fig. 4 will fail in the case that one pixel of the WFS
gets damaged, resulting in a systematic error.

After these mathematical transformations, the resultant
phase shift that should be applied to each mirror is obtained.
This phase corresponds to the negative of the phase present at
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