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Context

Gravitational lensing




Context

Weak gravitational lensing

- The PSF effect mimics a weak lensing signal
- Data driven approach



Data analysis challenges

Hubble.UItra Deep Field 2014 HST « ACS « WFC3

NASA and ESA i ) STScI-PRC14-272




Data analysis challenges

Hubble.Ultra Deep Field 2014 HST « ACS « WFC3

NASA and ESA ) ) STScI-PRC14-27a




Data analysis challenges

o PSF estimation:
e undersampling

e spatial and temporal variations

e wavelength dependency

 Unseen galaxy shape recovery



PSFEs field SR (in prep)

Classical observation model

Desired HR PSF
Sampling Blur Warping Downsampling K* observed
Isolated star LR PSF
~ Continuous to discrete _ | = Shift A | .
without aliasing Jeiascopa P - Rotation, etc. Undersampling : (D,D)

Noise

vi =Mix+ng, k=1..n

yk: Kih low resolution image

Mx: warping and downsampling operator
X: well resolved image

Nk. gaussian noise



PSFEs field SR (in prep)

Field observation model

Vi = Mpx. +n,, k=1..n
Mk . p X d2p

Recover n well sampled different PSFs from n
low resolution observations



PSEs field SR

Well resolved PSFs => p pixels
(uz‘)lgigp c (R]D)ID U = Images
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PSFs field SR

Method

X = [X1, ..., Xp]

T

X = Z A1kS] X =SA
=1

Prior informations

SA >0

Sparse prior on the components

"Frequencies separation” constraint
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PSEs field SR

Multiscale spatial regularity




PSFs field SR

Multiscale spatial regularity

n

h(a) =) Y fd(i,j)(ai —a;)*, f(d) = (do/d)™,

1=1 j€knn(i)

[ = L.r, mp < mo < ... < my

H(A) = > M(a])
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PSFs field SR

Optimization problem

mmz |lye — Mp( Zalksl 12+ H(A) + G(S) 5..SA > 0

= Z |w; © ®si|1
z

Alternate minimization scheme between A and S
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PSFs field SR

Numerical experiment

* 50 noisy different PSFs at Euclid resolution

50 upsampled PSFs with a factor 3 in lines and columns
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PSFs field SR

Numerical experiment
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PSFs interpolation

(Almost) No information on the
PSFs at the galaxies locations

PSF = argmin Z w;d(x, PSF;)

1€neighb
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PSFs interpolation

Optimal transport

G. Monge, "Mémoire sur la théorie des déblais et des remblais”, 1781

- -
- - -
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PSFs interpolation

Monge-Kantorovich formulation

IIlIiIl Z c(z,])I’Z_m S.t. ZFHJ- = U
1,7 ¢

E L' = v,
J

- Transport distance [ >0
- Entropic regularization
allowing a fast solving (M. Cuturi 2013)
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PSFs interpolation

Barycenter Euclidian mean

v

\  Transport mean

N

Three gaussians normalized in |1 norm

Plausible average distribution
in presence of shitts and changing of shape
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PSFs interpolation

Averaging size varying PSEs

1 15 20 25 0 5 10 15 20 25

PSF at 550nm Interpolated PSF PSF at 900nm
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Conclusions

* Robust super-resolution method for smooth PSFs
fields

 d=1 => dimension reduction method separating
decomposing the field into high and low
frequencies features

e the transport metric: convenient for the
interpolation task
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