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AO Calibration in the ELT context

AQ Calibration

* Interaction Matrix: Calibrate the link between the Wave Front Sensor (WFS)
signals and the Deformable Mirror (DM) actuators.

= NCPA: Non Common Path Aberration.
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AO Calibration in the ELT context

AQ Calibration

* Interaction Matrix: Calibrate the link between the Wave Front Sensor (WFS)
signals and the Deformable Mirror (DM) actuators.

= NCPA: Non Common Path Aberration.

ELT case:
= No calibration source upward M4!
= M4: Non-Fried Geometry
= |ocation of the DM => Mis-Regitrations (Shifts, Rotation, Magnification).
» ~5000 Actuators: Time to calibrate the system? Time to update the calibration?
* Complex model of WFS
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AO Calibration in the ELT context

AQ Calibration

* Interaction Matrix: Calibrate the link between the Wave Front Sensor (WFS)
signals and the Deformable Mirror (DM) actuators.

= NCPA: Non Common Path Aberration.

ELT case:

Optimization of the calibration procedures is necessary!
On-Sky Interaction Matrix?
Pseudo-Synthetic Interaction Matrix?
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Mis-Registration Effect

OOMAO!1: SR at 1.654 um - r (V)=0.15m
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Interaction Matrix: LBT Method

Method developed at the LBT on FLAO.

Goal:

Modulate a mode on the DM with a sinusoid signal and retrieve the corresponding
slopes maps through a demodulation process.

—We get rid of the turbulence!
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Interaction Matrix: LBT Method

Method developed at the LBT on FLAO.

Goal:

Modulate a mode on the DM with a sinusoid signal and retrieve the corresponding
slopes maps through a demodulation process.
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Interaction Matrix: LBT Method

SR at 1.654 um - ro(V) =0.15m

First Numerical Results: Validation

Perfect IM: No Noise, No Turbulence.

On Sky IM: Retrieved On Sky with Noise.

NO Mis-Registration! .
n

ro. 0,15 m (V)

fmoa: 200-208 Hz

150 Modes

Multiplexing: 5 modes

WFS camera RON: 0.1 e-

WES camera Photon Noise: On
NGS Magnitude: 8
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Interaction Matrix:

First Numerical Results:

IM Not Shifted: No Noise, No Turbulence, No shift.
IM Shifted: No Noise, No Turbulence, System shifted

On Sky IM: Retrieved On Sky

25% of a subaperture Shift!

ro. 0,15 m (V)

fmoa: 200-208 Hz

150 Modes

Multiplexing: 5 modes

WFS camera RON: 0.1 e-

WES camera Photon Noise: On
NGS Magnitude: 8
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Interaction Matrix: LBT Method

A trade-off has to be madel

Multiplexing?
Mode Amplitude?
Frequency Optimization?

Sampling vs SNR?

OMNERA
.——'-"'"_'_'_'_'_'_._._-_‘_—\_\_—_"""——.

AO4ELTS5 Tenerife, 30th June 2017

| ON GOING |




Pseudo-Synthetic Interaction Matrix: AOF Method

Method developed at the VLT on the AOF based on a PSIM:

= DM model
» Mis-Registration parameters

= WFS model
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Pseudo-Synthetic Interaction Matrix: AOF Method

Mis-Registration Identification:

Goal: Retrieve a noisy Interaction Matrix using closed-loop data that allows to
retrieve Mis-Registrations parameters.

Slopes S » Sk = —IM(p). Vi + z

6Sk = Sk+1 — Sk = —IM(p) 6Vk + 6Zk

If we get rid of 6z | IM(p) = 05k

»| Commands V
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Pseudo-Synthetic Interaction Matrix: AOF Method

Mis-Registration Identification ‘ ON GOING ‘

1) Build a catalog of “Sensitivity IM”: 8IM,, 5IM,,, 5IM,; ...
\\:\\
2) Retrieve a noisy estimation of the IM and project it on the IM, e
and the S§IM: _ e
Xo) Ayx) Ay, Aoty - - : NN
3) Update the synthetic IM: B
IM* = agIMy + ay6IM, + a,86IMy, + QpoeSIMpop + - _ N30
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Pseudo-Synthetic Interaction M

First Numerical Results: Sensitivity

1) We build 3 Sensibility matrix recorded for

10%, 50% and 100% shift of a subaperture. & 0-7

2) We create several Interaction Matrix, 205

shifting the DM in the X direction.

3) We estimate the shift by projecting on the 0.3

sensibility matrix.
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atrix: AOF Method
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An ELT Calibration Strateg
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An ELT Calibration Strateg
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An ELT Calibration Strateg
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Conclusion: On-Sky? PSIM?

On-Sky IM Pseudo-Synthetic IM
» Measurement of the IM = Update a Synthetic IM during the
= Small impact on the observations (~15 observations
nm RMS) = No impact on the observations
= Multiplexing (So far 5 modes) = Speed
» Good results with small value of Mis- * [nfinite SNR
registration (<30% subap.)

K
. 7

ONERA AO4ELTS5 Tenerife, 30th June 2017

Accurate and fast identification of Mis-Registrations is necessary!
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Thank you for your
attention!
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Wavelength V (0,55 um)
Ty 0.15m
Atmosphere L, 0m
3 Layers: [0 km,70%Cn?],[4 km, 25% CnZ2],[10 km,5% Cn?]
Diameter (m) 8.0
Telescope Obstructionratio 0%
¥ Resolution 64 pix
Sampling Time (s) 1/500
NGS NGS Wavelgngth | (0,79 um)
NGS Magnitude 8
: : OBJ Wavelength H (1,65 um)
Science Object OBJ Magnitude 10
# Subapertures 16x16
Pyramid WFS Camera Noise RON: 0,1 e-, Photon Noise
Modulation 3 A/D
Loop gain 0.5
Closed loop Loop delay 2 frames
DM # Actuators 17x17

Influence Function

Gaussian IF, 30% coupling

LAM
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Pseudo Synthetic Interaction Matrix: AOF Method

AO Equation:

S, = —IM(p).V, 4@ Wﬁurb}
= 7

5Sk = Sk+1 — Sk = —IM(p) 5Vk + 5Zk

If we get rid of 6z :

Iy 0S;
(p) = ——-
5V,

Foe‘*"“ ..»1;'
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Pseudo Synthetic Interaction Matrix: AOF Method

Slopes buffer S
Weurb
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