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Context : the PSF is the key

I = O * PSF + n

Synthetic Image VESTA
OASIS – L. Jorda (LAM)

Deconvolution
R. Fétick et. al, 2020 

SPHERE/ZIMPOL
Vernazza’s large program

Post-processing
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model ?



PSFAO19 model : model calibration

1 - Model of the wavefront power 
spectrum density (PSD)

PSD(k<=kAO) = M(k, A, α, p, β) + C
PSD(k>kAO)    =  0.023r0

-5/3k-11/3

2 - Model of the PSF : PSF (r0 ,C,A, α, p, β) ∝ F-1[OTFtel.exp(F-1[PSD(r0 ,C,A, α, p, β) ])]

PSFAO19 - Fétick et. al, A&A, 2019

3 - Fitting : J(F, x, y, bg, r0 ,C,A, α, p, β) = ∑i,j Wij.||(Iij - F⨉PSF(r0 ,C,A, α, p, β)*δxy+ bg)||2
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PSFAO19 model : on-sky verification

Beltramo-Martin  et. al, A&A, 2020

Validation on ~4800 PSFs from 7 Vis./NIR instruments

4



PSFAO19 model : on-sky verification

1. Correlation ~ 95%

2. SR error ~ 3%

3. FWHM error ~ 0.2 pix

Validation on ~4800 PSFs from 7 Vis./NIR instruments
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PSFAO19 model : on-sky verification

GSAOI : r0 @500nm is not Ө-dependent

MUSE : r0 @500nm is not λ-dependent
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APPLY ANR : increase the estimation robustness with CNN 

CNN

Low Wind Effect

covariance
matrix

SPHERE/IRDIS PSF

PSD 
parameters
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Beltramo-Martin, Gray  et. al, in prep.



Preliminary results
>99% of correlation - Primary parameters are estimated with ~0.2% of error

VGGNet - 5 conv. layers - 3 dense layers- trained with 500k simulated PSFs - no noise
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PSFAO19 model : including telescope aberrations

PSF model : PSF (μstat,r0 ,C,A, α, p, β) ∝ F-1[OTFteL(μstat).exp(F-1[PSD(r0 ,C,A, α, p, β) ])]

From PSFAO19 model
fit of 36 piston values

From Ragland et. al. 2018
fit of 1 mode only

Keck AO PSF in H-band - NCPA precalibrated
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Beltramo-Martin  et. al, 
A&A, 2020



PSFAO19 model : including telescope aberrations

From PSFAO model
fit of z1/z2/z3 per segment

From ZELDA WFS

SPHERE/IRDIS PSF in H-band 

PSF model : PSF (μstat,r0 ,C,A, α, p, β) ∝ F-1[OTFteL(μstat).exp(F-1[PSD(r0 ,C,A, α, p, β) ])]
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Beltramo-Martin  et. al, 
A&A, 2020

Courtesy : J.F. Sauvage



PSFAO19 model : enhance astrometry/photometry
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GeMS/GSAOI simulations 
of R136 observations 



PSFAO19 model : enhance astrometry/photometry
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bias : 0.08 mag
L. Schreiber, 

Beltramo-Martin
R. Fétick



PSFAO19 model : enhance astrometry/photometry
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20 mas/pixel

bias : 0.1 mas

L. Schreiber, 
Beltramo-Martin

R. Fétick



Ongoing and upcoming work

olivier.beltramo-martin@lam.fr

No 
noise

Training with 
noisy data

Model 
errors

on-sky
tests

1. Convolutional neural networks for telescope/AO diagnostic

2. PSF recovery from AO control loop data with machine learning
● PSFAO19 parameters estimation from AO telemetry
● PhD thesis LAM/ONERA/ESO to start in sept. 2021

3. PSF determination for IFS with spectral regularization
● Perform the PSF recovery from 3D data cubes
● New PhD student@LAM : Alexis Lau


