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Introduction

Correct from the problems encountered during acquisition:
v Reduce the instrumental and atmospheric effects
v Reduce the observation noise

v Deal with missing data (partial sky coverage, defective pixel...)

Help to design the instrument

v'Compressed sensing
v'Component separation

Extract the useful information to enable physical interpretation:




Deconvolution

Great Refractor (76 cm) at Nice
observatory

Hale Telescope (5 m) at Mont Palomar
observatory (alt. 1706 m), California
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Deconvolution

Observed image Convolved image




Denoising




Denoising

Signal + noise Gaussian function (o) Filtered signal




Denoising

Signal + noise

Gaussian filtered (o =2 pixels) Gaussian filtered (o =35 pixels)




Denoising

Considering a transform : (¢ — (I)TX

A signal X is sparse in a basis ©
if most of the coefficients a are equal to zero or close to zero

Few large
coefficients

Many small coefficients

Sorted index k’




Denoising

Qlagginsigyighal

Fourier Transform

Filtered Signal




Denoising

v’ Local DCT :

v Stationary textures
v’ Locally oscillatory

v Wavelet Transform

v’ Piecewise smooth
v’ Isotropic structures

v" Curvelet Transform

v’ Piecewise smooth
v" Edge structures




Denoising

Test image 1 Image test 1 + noise

Wavelet filtering Ridgelet filtering Curvelet filtering




Denoising

Wavelet filtering Ridgelet filtering Curvelet filtering




Deconvolution

Cluster Abell 2218




Background galaxies

Gravitational lens
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Deconvolution

v’ Shear estimation on each galaxy of the field
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» Ellipticity must be measured ( ; ) = Hg ( z?r? Sz )

v’ Galaxies have an intrinsic ellipticity
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» Ellipticity must be averaged
over several nearby galaxies:

v" Galaxies are convolved by an asymmetric PSF

» PSF has to be estimated and deconvolved




Dark matter map
obtained from space observations
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Ideal shear map




Denoising

ulti-Resolution methods for gravitational

Software MRLENS : Multi-Resolution methods for gravitational LENSing

S. Pires, J.L. Starck and A. Réfrégler

Welcome to the MRLENS web page.

This page introduce the MRLENS software (Version 1.0), contains links to our papers

and allow you to download a copy of the MRLENS software and its user manual.

Simulated mass map from Vale and White
(2003).




Denoising

Cosmic Evolution Surve:
a3 0 - 3 .

Gravitational lensing magnification
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Denoising

|"Cosmic Evolution Surve:

The total proj§ ‘ | | N inear grey scale

Stellar mass and Wy > (@) Hot Gas and WL




Missing data

v" Causes of missing data:
v’ Occurrence of defective or dead pixels
v’ Partial sky coverage due to problems in the scan strategy
v Saturated pixels
v" Absorption or masking of the signal by a foreground

v’ Problems caused by missing data:
v’ Bias and decrease on statistical power
v’ Distortions in the frequency domain due to abrupt truncation
v" Other edge effects in multi-scale transforms

v How to deal with missing data?
v' Correction of the measure by the proportion of missing data
v" Other corrections specific to a given measure (i.e. MASTER for
power spectrum estimation)
v Inpainting methods




Missing data

min ||a||1 s.t. y = MPa
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Truncated sine curve
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Fourier transform of the sine curve Fourier transform of the truncated sine curve




Missing data

Light curve
(time series)

Power spectrum
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Original (red) and masked (black) data Inpainted data (black)
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Missing data

min ||a||1 s.t. y = MPa
(84




Compressed Sensing

v" Shannon-Nyquist sampling theorem :
v" No loss of information if the sampling frequency is two times the highest
frequency of the signal
v' The number of sensors is determined by the resolution

v Compressed sensing theorem :
v" No loss of information if :

- the signal 1s local and coherent.

- the measurements are global and decoherent.
v' The number of measurements is about K. log(N) where K is the number of
non-zero entries in the signal.




Compressed Sensing

Replace samples by few linear projections y =@ x = MR x

non-zero
entries

Reconstruction via a non linear processing: min HO&‘ ‘1 s.t. y= Ox
(8%




Compressed Sensing
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Compressed Sensing

Mxl1
measurements

Reconstruction via a non linear processing: min Hoz||1 s.t. y = Oda
(8




Compressed Sensing
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A field is obtained every 25 min and is composed by
60.000 shifted images (16x16 pixels)
The official pipeline consists of only transmitting an averaged
image obtained from 8 consecutives shifted images.

 HERSCHEL

2D Noiselet
Transform
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min ||al|¢, s.t. ||y — F(OrPa)lle, <€

r = Pa
Projections

Coding Decoding Decoded data
8 consecutive

shifted images

(On board) (On the ground)




Compressed Sensing
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HERSCHEL

Good solution for on board data compression (very fast)
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Map from uncompressed data Official pipeline reconstruction: Compressed sensing reconstruction
averaging

Very robust to bit loss during transfer
All measurements are equally (un) important




Source separation

4 sources

4 random mixtures




Component separation




Source separation
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Frequency (GHz)

Synchrotron
Galaxies Galactic

353GHz 545 Gp;




Source separation

Input CMB map

CMB map estimated
by GMCA




INSTRUMENTATION
The development of
new instruments more
and more accurate
improves the quality of

the observations

IMAGE PROCESSING
Is used to extract the
useful information to
help in the physical
interpretation

IMAGE PROCESSING
Improves the quality of
the image after
acquisition by the
instrument







