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Context
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Exoplanet imaging

e Limitations:

* small angular separations
* high contrasts
e Instrumental solutions:
* adaptive optics
* coronagraphy

e Quasi-static speckles remain.

Credit: ESO

Martinez et al. 2013
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Context
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Context
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Focal-plane wavefront sensing
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Context
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Limitation: phase sign ambiguity
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Vortex phase diversity
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Vortex coronagraphs

/ \
Entrance pupil Focal plane Lyot plane

Delacroix et al. 2013
Before Lyot stop
‘ I ‘ ‘
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Huby et al. 2015
NASA/JPL-Caltech/Palomar Observatory

Scalar Vortex coronagraph (SVC):
(Ruane et al. 2019)

1,0 e Same phase ramp e for both

circular polarization states.

Vector Vortex coronagraph (VVC):
(Mawet et al. 2005)

e Conjugated phase ramps e

e Split circular polarization states and

use two in-focus PSFs. e Use one in-focus PSF.
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Vortex phase diversity
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ex phase diversity

~ Concept introduced by
‘ Riaud et al. 2012
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Vortex phase diversity
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Deep Convolutional Neural Networks

— Motivation: fast predictions, higher performance, better robustness.

U-Net (Ronneberger et al. 2015):
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Vortex phase diversity
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Zernike modes reconstruction
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Vortex phase diversity
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Phase retrieval performance
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Simulator-based autoencoder
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Simulator-based Autoencoder (SimAE)

CNN

y4

Zernike coefficients

CNN loss function (supervised):

Lam(z,20x6)) = \| 5 D5~ B0x 9))

maxime.quesnel@uliege.be University of Litge

A simulator-based autoencoder approach for focal-plane wavefront sensing using vortex phase diversity 11



Simulator-based autoencoder
@00

Simulator-based Autoencoder (SimAE)

Input Reconstruction

Latent
space

y4

Zernike coefficients

CNN loss function (supervised):

Lam(z,20x6)) = \| 5 D5~ B0x 9))
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Simulator-based autoencoder
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Simulator-based Autoencoder (SimAE)

Input Training Reconstruction
E"COde, Latent
CNN space

=2
—

Backpropagation

N

CNN loss function (supervised):

N
~ 1 ~
Lenn(z,2(x:9)) = | E (zi — zi(x; 9))?))
SimAE loss function (unsupervised) — Poisson distributions:

Lsimae(x; ) = —Erpi {Iog( (59 p(-A(x; ¢)))}
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Simulator-based autoencoder
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Simulator-based Autoencoder (SimAE)

Inference

EncOder

CNN

y/
Z —> .\IZ> NCPA correction
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Simulator-based autoencoder
oeo

SimAE: Performance

e WFE € [0, 350] nm rms
e SNR ~ 100
e 10° training & 102 test samples

Evaluated on specific WFE distributions:
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Simulator-based autoencoder
ooe

SimAE: fit on-the-fly

o Pre-trained on 10° samples
e Fine-tuned on 1 test sample
e Convergence time: ~ 10 seconds

Fine-tune at 10 nm rms:
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Extending the method
[ o)

Improving the simulator

e Learnable instrumental parameters: for now Vortex rejection factor

e Including AO telemetry into the simulator:

Input Reconstruction

e Use optical propagation package: HEEPS (PyTorch) or dLux (Jax)
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Extending the method
(o] )

Variational inference

e Add Posterior g(z|x) and Prior distributions p(z):
p(2)

X 'g}

M

x; 9)llp(2))

X)

o KL divergence loss term: —3 KL(q(z
— training now stable

e Evaluation metric: E,[log g(z|x)]

e How do we pick the best z?7
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Application to real data
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VODCA bench
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Application to real data
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Subaru/SCEXAO instrument
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Application to real data
[o]e]

Transfer learning with SCExAO data
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Conclusions

Conclusions

Simulator-based autoencoder for focal-plane wavefront sensing
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