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F OREWORD
Held regularly since 2001, the ADA conference series is focused on algorithms and information
extraction from astrophysics data sets. The program includes keynote, invited and contributed
talks, as well as posters. This conference series has been characterized by a range of
innovative themes, including curvelet transforms, compressed sensing and clustering in
cosmology, while at the same time remaining closely linked to front-line open problems and
issues in astrophysics and cosmology.
The ADA VI conference is organized in honor of Albert Bijaoui, and is held in Monastir (where
Albert was born). One session will be dedicated to the GAIA project. Other sessions will
include asteroseismology, exoplanet detection, large scale structures (weak lensing, galaxy
catalogs), CMB (source separation, polarization), restoration (map-making, deconvoluion,
modeling), hyperspectral data analysis, compressed sensing.
ADA VI KEYNOTE SPEAKERS
Adam Amara, ETH, Switzerland
Albert Bijaoui, Observatoire de la Cote d’Azur, France
Angelica de Oliveira-Costa, CfA-Harvard, USA
Farzad Kamalabadi, Univ. of Illinois, USA
Tom Loredo, Cornell University, USA
Francois Mignard, Observatoire de la Cote d’Azur, France
Herbert Edelbrunner, IST, Austria
Michael Unser, EPFL, Switzerland
ADA VI INVITED SPEAKERS
Pierre Chainais, Isima, Clermond-Ferrand, France
Christophe Collet, Louis Pasteur University, Strasbourg, France
Jalal Fadili, University of Caen, France
Jean-Francois Hochedez, Royal Observatory of Belgium
Alberto Krone-Martins, University of Sao Paulo, Brazil
Vicent Martinez, Valencia Observatory, Spain
Eric Pantin, CEA/Saclay, France
Anais Rassat, CEA/Saclay, France
Yves Wiaux, EPFL, Switzerland
SCIENTIFIC ORGANIZING COMMITTEE
Jogesh Babu, Center for Astrostatistics, USA
Amel Benazza, URISA, Tunisia
Albert Bijaoui, Observatoire de la Cote d’Azur, France
Vassilis Charmandaris, University of Crete, Greece
Jalal Fadili, University of Caen, France
Jean-Francois Hochedez, Royal Observatory of Belgium, Belgium
Antoine Hojnacki, JPL, USA
Antoine Llebaria, LAM, France
Giuseppe Longo, University Federico II, Naples, Italy
Vicent Martinez, Valencia Observatory, Spain
Enrique Martinez-Gonzales, IFCA Santader, Spain
M. Mensi, Faculte des Sciences de Monstir, Tunisia
Fionn Murtagh (Chair), Royal Holloway, University of London, UK
Mohamed Saber Naceur, LTSIRS-ENIT, Tunisia
Angelica de Oliveira-Costa, MIT, USA
Jean-Luc Starck (Chair), CEA Saclay, France
Christian Surace, LAM, France
R. Tebourbi, URISA-SUPCOM, Tunisia
LOCAL ORGANIZING COMMITTEE
Amel Benazza, URISA, Tunisia and Mohamed Saber Naceur, LTSIRS-ENIT, Tunisia
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CONFERENCE P ROGRAM
[KS] = Keynote Speaker (50min), [IS] = Invited Speaker (35min), Contributed Talk (25min)

version: 8 March 2010
From

To

Event

Sunday 2 May 2010
18:00
20:00

20:00
21:30

Registration
Welcome cocktail

Monday 3 May 2010 :
Session: Gaia
Session Chair: Albert Bijaoui
From

To

Speaker

Topic

08:00

09:00

Registration

09:00

09:15

Welcome

9:15

10:05

Francois Mignard [KS]

10:05

10:40

Alberto Krone-Martins
[IS]

10:40

11:10

The Gaia Mission and its Data Analysis
Educated Image Segregation for
Reconstructed Images from Gaia
satellite data

Coffee Break

Session 1: Compressed Sensing
Session Chair: Jalal Fadili
Spred Spectrum for radio
interferometric and magnetic resonance
in imaging
Compressed sensing for spectroscopy and
polarimetry
Interferometric image reconstruction with
sparse priors in unions of bases
Compressed-Sensing for Herschel

11:10

11:45

Yves Wiaux[IS]

11:45

12:10

Andres Asensio Ramos

12:10

12:35

David Mary

12:35

13:00

Nicolas Barbey

13:00

14:00

Lunch break

14:00

16:00

Tutorial 1: Modern tools for linear
inverse problems

Session Chair: Vassilis Charmandaris
16:00

17:00

17:00

17:30

A Fast k-d Tree Algorithm for
Classification and Recognition.
Application to the estimation of the
atmospheric parameters from the Gaia
RVS spectra
Poster Presentations (2min each poster)

17:30

18:00

Coffee Break

18:00

20:00

Poster Session

Albert Bijaoui [KS]

-3-

ADA VI
Tunisia, 3-7 May 2010

Book of Abstracts

Tuesday 4 May 2010:
Session: Galaxies I
Session Chair: Rien van de Weygaert
To

Speaker

Topic

09:00

09:50

Herbert Edelsbrunner
[KS]

Capturing shapes with topology

09:50

10:25

Vicent Martinez [IS]

10:25

10:50

Didier Fraix-Burnet

10:50

11:10

From

The mark connection function for
measuring galaxy segregation
Multivariate evolutionary analyses in
astrophysics

Coffee Break

Session: Hyperscpectral Data
Session Chair: Fionn Murtagh
New Bayesian Fusion Scheme for
Hyperspectral Astronomical Data
Pansharpening of Multispectral Images using
Variational Methods and Model Combination
Parcimonious Analysis of Hyperspectral Data
Denoising and detection of astrophysical
sources with MUSE hyperspectral data

11:10

11:45

Christophe Collet [IS]

11:45

12:10

Rafael Molina

12:10

12:35

Mohamed Anis Loghmari

12:35

13:00

Sebastien Bourguignon

13:00

14:00

Lunch Break

14:00

16:00

Tutorial 2: Sparse image decomposition
and source separation

Session: Sun
Session Chair: Jean-Francois Hochedez
Farzad Kamalabadi
[KS]

16:00

16:50

16:50

17:10

17:10

17:45

Pierre Chainais [IS]

17:45

18:10

James McAteer

18:10

18:35

Antoine Llebaria

18:35

19:00

Pierre Kestener

20:00

00:00

Sequential Monte Carlo Techniques for
Spatiotemporal Reconstruction of Density
and Temperature in the Solar Corona

Coffee Break
Virtual resolution enhancement of
quiet Sun images
Advanced Signal Processing in Solar Physics
Sun F cororona recovering from thirteen
years of SOHO coronal images
A continuous wavelet-based segmentation
tool to analyze multifractal properties of
quiet and active regions from solar
magnetogram data

Conference Dinner
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Wednesday 5 May 2010:
Session: Data Modeling
Session Chair: Rafael Molina
From

To

Speaker

09:00

09:50

Michael Unser [KS]

09:50

10:25

Jalal Fadili [IS]

10:25

10:50

Albert Bijaoui

10:50

11:20

Topic
Recent advances in sampling: from
splines to compressed sensing
Poisson noise removal: from
SparseLand to astronomical
applications
Bayesian Estimation and Transforms to
Denoise Astronomical Images

Coffee Break

Session: Galaxies II
Session Chair: Vincent Martinez
11:20

11:55

Rien van de Weygart
[IS]

11:55

12:20

Jorge Sanchez Almeida

12:20

12:45

Pierre Ocvirk

12:45

13:10

Pablo Arnalte-Mur

13:10

14:00

16:00

---

Spin and Spine
Automatic unsupervised classification of all
SDSS/DR7 galaxy spectra
Bayesian tools for the interpretation of
galaxy spectra and their stellar populations
Using wavelets to detect Baryon Acoustic
Oscillations

Lunch break

Afternoon Trip
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Thursday 6 May 2010:
Session : Exoplanets
Session Chair: Francois Mignard
From

To

Speaker

09:00

9:50

09:50

10:25

Eric Pantin [IS]

10:25

10:50

Ralf Siebenmorgen

11:50

11:20

Topic
Bayesian methods for exoplanet
science:Planet detection, orbit
estimation, and adaptive observing
Methods for exoplanets imaging
detection and characterization
Data Reduction and Analysis Software for
SPHERE: recent developments and first
insights into the future of data reduction
software development

Tom Loredo [KS]

Coffee Break

Session : Sun II
Session Chair: Pierre Chainais
11:20

11:55

Jean-Francois
Hochedez [IS]

11:55

12:20

Veronique Delouille

12:20

12:45

Shaun Bloomfield

12:55

14:00

Lunch break

14:00

16:00

Tutorial 3: iCosmo: an interactive
cosmology package

Cosmic ray hits in extreme ultraviolet
images of the Sun
Fast and Robust Segmentation of Solar EUV
Images: Towards Real Time Use in the Age
of SDO
Solar Flares: Multiscale Detection and
Analysis

Session : Lensing & Dark Matter
Session Chair: Anais Rassat
17:00

17:50

Adam Amara [IS]

17:50

18:20

18:20

18:45

Benjamin Joachimi

18:45

19:10

Adrienne Leonard

19:10

19:35

Francisco Kitaura

19:35

20:00

Erwan Deriaz

Data Mining Challenges in Weak Lensing
for the Next Decade

Coffee Break
Controlling intrinsic alignments in weak
lensing statistics
Model-Selection and Substructure Mapping
with Higher Order Lensing Distortions
Nonlinear matter field reconstruction method
including non-local galaxy biasing
Exploring dark matter with the help of
divergence-free vector wavelets
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Friday 7 May 2010:
Session: Cosmic Microwave Background
Session Chair: Adam Amara
From

To

Speaker

Topic
Probing the Universe with the CMB and
the 21 cm tomography
Reconstructing the Integrated SachsWolfe Effect
Optimal binning of the Primordial Power
Spectrum
A multifrequency method based on the
Matched Multifilter for the detection of point
sources in CMB maps
An Iterative Constrained Deconvolution
Algorithm for CMB Map Reconstruction
Closing Remarks

08:30

09:20

Angelica de OliveiraCosta [KS]

09:00

09:55

Anais Rassat [IS]

09:55

10:20

Paniez Paykari

10:20

10:45

Luis Fernando Lanz

10:45

11:10

Florent Sureau

11:15

11:30

Jean-Luc Starck
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P OSTER P RESENTATIONS
The following 33 posters will be displayed throughout the duration on the conference.
First Name

Last Name

Byron
Moncef

Bell
Bouledroua

Herve

Bourdin

Mustafa

Bozkurt

Alessandro
Atul
Fabricio

Costa
Deep
Ferrari

Vladimir
Pascal
Lila
Diego

Gorokhov
Guterman
Hadji
Herranz

Susan
Murat
Murat
Emma

Hojnacki
Hudaverdi
Hudaverdi
Karray

Koray
Chris

Kayabol
Koen

Ognyan
Antoine

Kounchev
Labatie

Patrick

de Laverny

Arturo
Mireille
Ludovic
Fionn

Lopez Ariste
Louys
Montier
Murtagh

Pierre
Walid
Sandrine
James

Ocvirk
Ouerghemmi
Pires
Pizagno

Jeremy

Schmitt

Vladimir
Arnaud

Vitkovskiy
Woiselle

Poster Title
The 1905 Einstein equation in a general mathematical
analysis model of Quasars
Line-Core
Investigating the isoradial thermal structure of gas within
Clusters of Galaxies: a multiscale approach
Chandra study of X-ray point sources from the outskirts of
A2534
VisIVOWeb: a web solution for large-scale astrophysical
visualization
Data Reduction of AO Images in Crowded Stellar Fields
Removing IFU signatures with Wavelet and PCA combined
The huge volume data analyze by means of multidimensional
cognitive visuialization.
Correcting Corot Ligth Curves from Collective Effects
The Adogram Transform: a fully adaptive time
Multifrequency detection of sub
Classification Results of Fused Multi-wavelength Data
Containing Imputed Missing Values
Dynamics of Supercluster Environments
Hunting for clusters in the CFHTLS Deep Fields
Parcimonious analysis of hyperspectral Data
Astrophysical Map Reconstruction from Convolutional
Mixtures
Estimation of the coherence time of stochastic pulsations
Application of polyharmonic Wavelet Analysis to Astronomical
images
Measuring SDSS power sprectrum by multiresultion analysis
Automated stellar parametrization with MATISSE: application
to the galactic populations
Pattern recognition for the measurement of solar magnetic
fields
QuickViz: A 3D visualiser for IFU data cubes
The Color Detection of Galactic Cold Cores
Redshift Estimation
Data First Look and Background modeling for the Gaia/Radial
Velocity Spectrograph Data Reduction pipeline
BSS contribution in soil properties mapping
Algorithm for bispectral Analysis of CMB data
LSST Simulation Effort
A new method for Poisson noise removal on the sphere:
Application to the Fermi Space Telescope
The computing exploration of the purely hydrodynamic
model of active astronomical object.
3D Data processing with low redundancy curvelets
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CONFERENCE P ARTICIPANTS (90)
Name

Last Name

Institution

Country

e-mail

Emilio

Alfaro

Univ. of Granada

Spain

emilio@iaa.es

Adam

Amara

ETH

Swiss

adamamara@mac.com

Pablo

Arnalte-Mur

Obs. de Valencia

Spain

pablo.arnalte@uv.es

Andres

Asensio Ramos

Inst. Ast. de Canarias

Spain

aasensio@iac.es

Nicolas

Barbay

CEA

France

nicolas.barbey@cea.fr

Byron

Bell

Columbia College

USA

Amel

Benazza

URISA

Tunisia

bbell@ccc.edu
benazza.amel@supcom.rnu.t
n

Jerome

Bijac

France

bijacj@yahoo.fr

Sandrine

Bijac

France

sbijac@yahoo.fr

Albert

Bijaoui

OCA

France

Albert.Bijaoui@oca.eu

Shaun

Bloomfield

Astro.s Research Lab

Ireland

shaun.bloomfield@tcd.ie

Moncef

Bouledroua

Algeria

boulmoncef@netscape.net

Herve

Bourdin

Univ. di Roma

Italy

Sebastien

Bourguignon

OCA

France

Mustafa

Bozkurt

Bogazici University

Turkey

herve.bourdin@roma2.infn.it
Sebastien.Bourguignon@oca.
eu
mustafa.bozkurt@boun.edu.t
r

Pierre

Chainais

LIMOS UMR 6158

France

pierre.chainais@isima.fr

Vassilis

Charmandaris

Univ of Crete

Greece

vassilis@astro.cornell.edu

Christophe

Collet

Louis Pasteur Univ

France

c.collet@unistra.fr

Alessandro

Costa

INAF

Italy

alessandro.costa@oact.inaf.it

Patrick

de Laverny

OCA

laverny@oca.eu

Atul

Deep

Leiden Observatory

France
The
Netherlands

Veronique

Delouille

Royal Observatory

Belgium

Erwan

Deriaz

CNRS

France

v.delouille@oma.be
erwan.deriaz@l3m.univmrs.fr

Jose

Diego

IFCA

Spain

Marian

Douspis

IAS

France

jdiego@ifca.unican.es
marian.douspis@ias.upsud.fr

F-Xavier

Dupe

CEA

France

francois-xavier.dupe@cea.fr

Herbert

Edelbrunner

Duke Univ.

USA

edels@cs.duke.edu

Jalal

Fadili

Univ. of Caen

France

Frederic

Falzon

Thales

France

Jalal.Fadili@greyc.ensicaen.fr
frederic.falzon@thalesalenias
pace.com

Li

Feng

ATNF

Australia

Fabricio

Ferrari

Univ.Fed. do Pampa

Brazil

Feng.li@csiro.au
fabricio.ferrari@unipampa.ed
u.br

Olivier

Fourt

CEA

France

olivier.fourt@cea.fr

Didier

Fraix-Burnet

Lab. d'Astro Grenoble

France

fraix@ujf-grenoble.fr

Vladimir

Gorokhov

Engecon Univ.

Russia

vvv@unitel.spb.ru

Pascal

Guterman

LAM

France

pascal.guterman@oamp.fr

Lila

Hadji

CEA

France

lhadji@cea.fr

Diego
JeanFrancois

Herranz

Inst. Fisica Cantabria

Spain

herranz@ifca.unican.es

Hochedez

Royal Observatory

Belgium

hochedez@oma.be

Susan

Hojnacki

JPL

USA

Murat

Hudaverdi

TUBITAK

Turkey

hojnacki@jpl.nasa.gov
murat.hudaverdi@uzay.tubit
ak.gov.tr

Benjamin

Joachimi

AIfA Bonn

Germany

joachimi@astro.uni-bonn.de
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Name

Last Name

Institution

Country

e-mail

Farzad

Kamalabadi

Univ. of Illinois

USA

farzadk@uiuc.edu

Emma

Karray

LTSIRS

Tunisia

ekarray@yahoo.fr

Koray

Kayabol

ISTI-CNR

Italy

koray.kayabol@isti.cnr.it

Pierre

Kestener

CEA

France

pierre.kestener@cea.fr

Francisco

Kitaura

Scuola Norm. Di Pisa

Italy

francisco.shukitaura@sns.it

Chris

Koen

Univ of Western Cape

South Africa

ckoen@uwc.ac.za

Ognyan

Kounchev

Bulgaria

kounchev@gmx.de

Alberto

Krone-Martins

Univ de Sao Paulo

Brazil

algol@astro.iag.usp.br

Antoine

Labatie

CEA

antoine.labatie@cea.fr

Luis
Fernando

Lanz

Inst. De Física de
Cantabria

France
Spain

lanz@ifca.unican.es

Auguste

Le Van Suu

CNRS

France

Auguste.Levansuu@oamp.fr

Adrienne

Leonard

CEA

France

adrienne.leonard@cea.fr

Antoine
Mohamed
Anis

Llebaria

LAM (CNRS)

France

antoine.llebaria@oamp.fr

Loghmari

LTSIRS

Tunisia

anisloghmari@yahoo.fr

Tom

Loredo

Cornell University

USA

loredo@astro.cornell.edu

Mireille

Louys

Louis Pasteur Univ.

France

mireille.louys@unistra.fr

Vicent

Martinez

Valencia Obs.

Spain

Vicent.Martinez@uv.es

David

Mary

University of Nice

France

David.Mary@unice.fr

James

McAteer

Trinity Coll Dublin

Ireland

james.mcateer@tcd.ie

Francois

Mignard

OCA

France

francois.mignard@oca.eu

Rafael

Molina

Univ. of Granada

Spain

rms@decsai.ugr.es

Ludovic

Montier

CESR

France

montier@cesr.fr

Fionn

Murtagh

Univ. of London

UK

fionn@cs.rhul.ac.uk

Saber

Naceur

LTSIRS-ENIT

Tunisia

Danielle

Nuzillard

Univ. Reims

France

naceurs@yahoo.fr
danielle.nuzillard@univreims.fr

Pierre

Ocvirk

Astro. Instit Potsdam

Germany

Angelica

Oliveira-Costa

CfA Smithsonian

USA

pocvirk@aip.de
adeoliveiracosta@cfa.harvard
.edu

Walid

Ouerghemmi

ENIT

Tunisia

walid8359@gmail.com

Eric

Pantin

CEA

France

epantin@cea.fr

Paniez

Paykari

CEA

France

p.paykari06@imperial.ac.uk

Matthieu

Petremand

LSIIT - PASEO

France

petremand@lsiit.u-strasbg.fr

Sandrine

Pires

CEA

France

sandrine.pires@cea.fr

James

Pizagno

Univ. of Washington

USA

jpizagno@u.washington.edu

Anais

Rassat

CEA

France

anais.rassat@cea.fr

Alejandra

Recio-Blanco

OCA

France

arecio@oca.eu

Sylvie

OMP

France

roques@ast.obs-mip.fr

Jorge

Roques
Sanchez
Almeida

Inst. Astro. Canarias

Spain

jos@iac.es

Jeremy

Schmitt

CEA

France

jeremy.schmitt@cea.fr

Ralf

Siebenmorgen

ESO

Germany

rsiebenm@eso.org

Stanislava

Simberova

Institute AV CR

Czech Rep.

ssimbero@asu.cas.cz

Jean-Luc

Starck

CEA

France

jstarck@cea.fr

Florent

Sureau

CEA

France

Monique

Thonnat

INRIA

France

florent.sureau@cea.fr
Monique.Thonnat@sophia.inri
a.fr

Michael

Unser
Van de
Weygart

EPFL

Switzerland
The
Netherlands

Rien

Kapteyn Institute
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Name

Last Name

Institution

Country

e-mail

Miguel

Vega

Univ. of Granada

Spain

mvega@ugr.es

Vladimir

Vitkovskiy

SAO RAS

Russia

vvv@sao.ru

Yves

Wiaux

EPFL

Switzerland

yves.wiaux@epfl.ch

Arnaud

Woiselle

CEA

France

arnaud.woiselle@cea.fr
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A BSTRACTS – O RAL C ONTRIBUTIONS
Data Mining Challenges in Weak Lensing for the Next Decade
Adam Amara (ETH, Zurich)
A large number of experiments are being planned to measure weak gravitational
lensing. The effect in question is caused by the bending of light from distant galaxies
due to intervening matter along the line of sight. This bending causes small spatially
correlated distortions in the shapes of galaxies in the sky. Analyzing this data, with
the aim of measuring fundamental constitutes of the Universe such as dark matter
and dark energy, presents us with an array of serious data processing challenges
that we must over come. In particular, four challenges stand out in this endeavour:
(1) Data Volume: the envisioned data sets are substantially larger than what has
been processed to date; 20,000 square degrees compared with 100 square degrees
(the largest published result); (2) Diverse Data Sets: the analysis process must
bring together different sources of data, including visible imaging, multiband
photometry and spectroscopy, into a coherent pipeline; (3) High Precision
Calibration: effects introduced in the observation process, such as the Point-SpreadFunction, can mimic the weak lensing signal that we seek and, therefore, they must
be corrected to a very high precision; and finally (4) Weak Signal: the effect we seek
is very weak. Galaxy shapes vary randomly (noise) at the level of roughly 30
percent, whereas weak lensing is a percent level effect. Furthermore, dark energy
only causes a further percent level change on an already weak signal.
Using wavelets to detect Baryon Acoustic Oscillations
Pablo Arnalte-Mur, Nicolas Clerc, Jean-Luc Starck, Marc Lachieze-Rey, Vicent J.
Martinez, Enn Saar
We study the feasibility of using wavelets to detect and analyze the signal imprinted
by Baryon Acoustic Oscillations (BAO) on the large-scale distribution of galaxies. We
design a new custom class of wavelets, and apply it to the detection of BAO in simple
mock catalogues and in the latest data from the Sloan Digital Sky Survey. We finally
compare this approach to the usual one based on the two-point correlation function.
Compressed-Sensing for Herschel
Nicolas Barbey
We analyze the usability of the compressed-sensing framework for the compression
of data from the Herschel/PACS instrument. The PACS instrument produces 4 to 8
times more data than the available bandwidth. A very efficient compression method
is thus required in order to use the instrument to its full potential. The very high
price of bandwidth for spatial mission make this issue a very common one among
astrophysical spatial experiments. The current solution implemented on-board the
PACS instrument is simply to average 4 to 8 consecutive frames. This results in a
loss of spatial information due to the motion of the telescope during the data
acquisition (scan mode). The compressed-sensing theory tells us that it is possible to
use the sparsity properties of natural images to estimate them using less data than
usually required by the Shannon-Nyquist theorem. The proposed compressed
sensing solution is to compress by decimating the hadamard or the noiselet
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transform of each frame. Thus, information for each frame is available so we keep
more spatial information. We present estimations of sky maps using both methods
(compressed-sensing and averaging) on simulations and on actual PACS data.
A Fast k-d Tree Algorithm for Classification and Recognition. Application to
the estimation of the atmospheric parameters from the Gaia RVS spectra
Albert Bijaoui, Alejandra Recio-Blanco, Patrick De Laverny, Christophe
Ordenovic
In the context of the atmospheric parameter determination from stellar spectra
obtained with the Gaia RVS spectrograph different algorithms were developed and
compared. In the case of a Gaussian noise, the estimation problem is equivalent to
search the minimal distance between the observation and a model in a model grid.
The MATISSE algorithm works in two phases: i/ localization of the parameter
environment in the model grid, ii/ parameter estimation by an optimal projection in
this local environment. Nice results are generally obtained, but in some cases, the
projection environment is badly identified, leading to increase the errors. In order to
improve the first phase, a new algorithm was developed from a k-d tree structure.
The idea was to iteratively divide the parameter space into two subspaces identically
populated from specific hyperplanes. Starting from a grid of N models, the parameter
space is so scrolled using log(N) steps. The hyperplanes are defined from the
residual spectra of the considered subspace. The previous steps allowed getting an
approximate spectrum. The mean of the residual spectra from each subspace is
done. Each residual spectrum is then projected on its corresponding mean. For each
subspace, the median of the projection coefficients allows the partition into two new
subspaces identically populated. The residual spectra are reduced from this new
related component. So, the subspace population is reduced to 0 or 1 in log(N)
iteration steps. Taking into account the successive residual means and the medians,
it is easy further to recognize a spectrum among the N models. In the
communication, the algorithm will be described. We will emphasize its interest to
scroll the parameter space. In particular it allows the identification of regions for
which the parameter sampling in the model grid is not sufficient. The effect of the
noise on the recognition will be also discussed.
Bayesian Estimation and Transforms to Denoise Astronomical Images
Albert Bijaoui
Let us consider a measured signal vector y of true value x. The conditional
probability density function (PDF) due to the noise is P(y/x). The denoising consists
into getting the best estimation taking into account the conditional PDF. In the
framework of Bayesian statistics the knowledge on x is introduced from a prior PDF
p(x). The posterior PDF Q(x/y) is obtained from the Bayesian rule. In the case of a
white Gaussian noise, the posterior mean (PM) can be derived from the Miyasawa
relation. That leads to estimate the residual noise, characterized by a factor R, which
can be considered as a sparsity index. The R estimation has to take into account the
limited number of measurements. Many experiments on the wavelet transforms of
astronomical images showed that, for the R estimation, their posterior PDFs could be
approximated by Voigt functions, convolution product of a Gaussian PDF with a
Cauchy one. Taking into account this remark, with an iterative k-clipping rejection
algorithm, a Gaussian kernel of variance Vg is obtained with an alpha fraction of
pixels. It can be shown that R can be approximated by (N is the noise variance)
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alpha*N/Vg. Generally, the signal is processed after a transform. Its role is to
concentrate the information in the fewest significant coefficients. Taking into account
the algorithm to estimate R in the case of a Voigt distribution, an optimization
algorithm was developed to get the maximum noise reduction. It was based on a
Karhunen-Love transform with rejection. The resulting algorithm will be given and
discussed in the framework of astronomical images.
Solar Flares: Multiscale Detection and Analysis
Shaun Bloomfield
A new technique for locating solar flare source regions is presented. Images of the
Sun's upper atmosphere are decomposed using a multiscale method and the
statistics of power compared across scale. Initial results on the evolution of power
through scale will be highlighted.
Denoising and detection of astrophysical sources with MUSE hyperspectral
data
S. Bourguignon, D. Mary and E. Slezak
The ESO second generation VLT instrument MUSE (Multi-Unit Spectroscopic Explorer)
is an extremely powerful integral field spectrograph, which will provide hyperspectral
data cubes with 300x300 spatial elements and 4000 spectral channels covering the
essential part of the visible spectrum. In its deep-field mode configuration (covering
a field of view of 1 arcmin^2), the expected performances of MUSE should allow the
detection of galaxies which appear a hundred million times fainter than the faintest
stars observable with the naked eye. A challenging scientific objective is then to
detect and characterize highly redshifted astrophysical sources, in particular by the
presence of Lyman-alpha emissions. A strong characteristic of the data cubes that
will be provided by MUSE holds in a very low signal-to-noise ratio (SNR) and in a
highly non iid noise structure, mainly caused by the powerful parasite emission of
the sky background at specific wavelengths and by instrumental limitations. Hence,
taking into account noise specificities is a very crucial point to achieve the ambitious
scientific goals of the instrument. In this framework, we first propose a denoising
scheme designed for such data, based on the hypothesis that data can be modeled
or approximated by sparse representations in redundant transformation spaces. To
this aim, we define the denoised data as the solution of optimization problems with
sparsity-inducing l1-norm penalty constraints. Sparsity is expressed spectrally,
where the searched spectra are mainly the superposition of emission and absorption
line spectra plus a continuum, which is supposed to have a sparse representation in
the DCT or wavelet domain. Sparsity is also represented on 2D wavelet
transformations applied on images in every spectral band, since the astrophysical
sources mainly have regular spatial shapes. The tuning of the corresponding
hyperparameters is then addressed in the non iid framework, where such parameters
are shown to correspond to detection thresholds, that are fixed in order to obtain
uniform detection rates. Efficient algorithmic strategies are also investigated, based
in Iterative- and Block-Coordinate Descent methods. Such sparse decompositions
can be viewed as an input to further detection strategies, since they allow one to
drastically reduce the dimensionality of the problem, and highly improve the SNR.
Therefore, a second part of our work consists in defining new spectral metrics,
adapted to the characteristics of astrophysical sources. These can be used, in
combination with efficient segmentation algorithms, to efficiently detect and
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characterize astrophysical sources, by means of spatial shape reconstruction and
associated spectral estimation methods. Applications to denoising and object
detection are presented on realistic deep-field simulated data cubes provided by the
MUSE consortium.
Virtual resolution enhancement of quiet Sun images
P. Chainais, E. Koenig, V. Delouille, J.-F. Hochedez
Future missions such as Solar Orbiter or InterHelioprobe aim at approaching the Sun
closer than ever, with on board some high resolution imagers having a spatial pixel
extent of about $(80km)^2$ at the Sun during perihelion and subsecond cadence. In
order to guarantee their scientific success, it is necessary to evaluate if the photon
counts available at these resolution and cadence will provide a sufficient signal-tonoise ratio. Moreover, embedded image processing algorithm for compression or
denoising must be optimized a priori. Motivated by all these reasons, we provide
simulated images of the Quiet Sun that emulates what HRI will see at perihelion. To
this aim, we first established a few years ago that the EUV quiet Sun images are
scale invariant and multifractal. Thanks to this data analysis, we could develop a
model that uses a family of multifractal stochastic processes, namely fractionnal
integrated compound Poisson cascades, in order to proceed to some virtual super
resolution. We propose a virtual resolution enhancement which extrapolates the
scale invariance properties of a given image at smaller scales by adding subpixel
details. Energy conservation is also obeyed. As a result, we get images which
illustrate what could HRI images look like, and we show probability distribution
function corresponding to pixel counts recorded by HRI at perihelion.

Exploring dark matter with the help of divergence-free vector wavelets
Erwan Deriaz and Jean-Luc Starck
Weak lensing to detect dark matter is a growing field in astrophysics. Yet, the
reconstruction of mass maps from galaxy shear maps still requires more refined
methods due to the presence of noise, missing data and image bounds. For instance,
subsampling a totally E-mode image usually creates B-modes artifacts. To overcome
this problem, we implemented a numerical method based on recently developed
vector wavelets on the square to analyze the vector function of deformation. This
recursive wavelet method provides a perfect reconstruction of the mass map on any
bounded domain assuming that there is no B-mode. Hence it circumvents the
problem of missing data and provides an excellent reconstruction near the
boundaries. Moreover, the use or spline multiresolution analyzes makes the direct
approximation (interpolation) of catalogues of galaxies possible.

Poisson noise removal: from SparseLand to astronomical applications
Jalal Fadili
Poisson noise is a widely adopted model for photon-limited counting process as it
rises in astronomical imaging modalities. Poisson denoising consists in estimating the
underlying intensity function from the observed count data. Over the last two
decades, there has been a wave of interest in multiscale transforms, beginning by
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wavelets, for Poisson noise removal. Such methods have proven efficient for
sufficiently high intensity regimes, but can underperform in the very low count
setting. In this talk, I'll overview our work combining elements from computational
harmonic analysis, sparsity, and statistical estimation for Poisson removal. Several
denoising methods will be described for both scalar and multispectral data, with
different transforms that adapt to the shape of structures to be recovered. The
described methods are shown to be fast and very well adapted to extremely lowcount situations. The denoising approach is illustrated on a variety of applications
including the detection and characterization of astrophysical sources of high-energy
gamma rays, using realistic simulated observations with the Large Area Telescope
(LAT) launched in June 2008 on the Fermi Gamma-ray Space Telescope mission.
A new CS based deconvolution method for radio astronomy
Feng Li and Tim Cornwell,
Compressive sensing/sampling (CS) has been one of the hot research topics after it
was proposed in 2004. In radio astronomy, CS can either be used to design an
efficient radio telescope array (which is called ‚??sensing matrix‚?? in CS); or it can
be used to improve the deconvolution results by using a given radio telescope array.
The later is the focus of this presentation. General speaking, CS can be applied to
radio astronomy straightforwardly, because the partial Fourier sensing matrix is
perfect incoherent to the image domain. This allows reconstruction of point sources,
these being sparse in the image domain. In this paper, however, a new
deconvolution method is proposed to reconstruct both point sources and extended
sources. In the general case, the observed Fourier coefficients from the
interferometers include both the contribution from the point sources and from the
extended sources. The point sources can be well represented by the Dirac functions
in the image domain and the extended sources show the sparse or pseudo-sparse
property in the undecimated wavelet domain. With this approach, Basic Pursuit and
hard threshold algorithms can be adopted to reconstruct point sources and extended
sources separately. As an added bonus, the segmentation of the point sources and
the extended sources can also be achieved during the deconvolution procedure.

Multivariate evolutionary analyses in astrophysics
Didier Fraix-Burnet
The large amount of data on galaxies, up to higher and higher redshifts, asks for
sophisticated statistical approaches to build adequate classifications. Multivariate
cluster analyses, that compare objects for their global similarities, are still
confidential in astrophysics, probably because their results are somewhat difficult to
interpret. We believe that the missing key is the unavoidable characteristics in our
Universe: evolution. Our approach, known as Astrocladistics, is based on the
evolutionary nature of both galaxies and their properties. It gathers objects
according to their histories‚ and establishes an evolutionary scenario among groups
of objects. In this presentation, I show two recent results on globular clusters and
early type galaxies to illustrate how the evolutionary concepts of Astrocladistics can
also be useful for multivariate analyses such as K-means Cluster Analysis.
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Capturing shapes with topology
Herbert Edelsbrunner
The historical background for this work is the reconstruction of shapes and spaces
from finite samples. The development started with alpha shapes in the early 80s,
which later found ample use in structural molecular biology and other areas of
science and engineering. The practical interest in surface reconstruction brought
about a range of similar algorithms, some of which can be proven to be correct
under usually stringent sampling conditions.
In parallel, the study of filtrations, as eg. used by alpha shapes, lead to measures of
persistence of features found in the data. Exploiting the information contained in
the corresponding sequence of homology groups, we provide quantitative
descriptions of the space at any scale level. We mention but two consequences of
this work: While significantly relaxing the sampling condition, we can give a provably
correct computation of the connectivity, as expressed by the homology groups of
different dimensions, without reconstructing the space. Given a real-valued function
on a space, we can give a simple combinatorial picture of the 1-parameter family of
level sets that includes information about the robustness of each feature identified as
a homology class.
Cosmic ray hits in extreme ultraviolet images of the Sun
Jean-Francois Hochedez
Solar observations in the extreme ultraviolet and soft X-ray ranges must be carried
out from above the Earth atmosphere in space, where ionizing particles are
swarming. As a result, the measured solar signal is spoiled by artifacts that are due
to the interactions of those radiations in the detectors. The observations
consequently exhibit 'cosmic ray hits' (CRH), which generally appear as point-like
structures displaying a distribution of brightness. Unfortunately, they superimpose
onto complex scenes, and happen to mimic important solar phenomena. The CRHs
thereby challenge the expected resolution of the telescopes and impede proper
physical interpretation. The present poster proposes a careful method to disentangle
tiny solar objects and the mentioned artifacts. The method relies on estimating the
local Holder/Lipschitz exponent and on analyzing correctly the noise. It is
benchmarked and demonstrated using real data from old and recent solar
telescopes.

Controlling intrinsic alignments in weak lensing statistics
Benjamin Joachimi
Weak gravitational lensing on cosmological scales is one of the most promising
cosmological probes to reveal the nature of dark matter and dark energy. To achieve
the precision goals of future surveys, it is vital to control systematic effects, in
particular the intrinsic alignment of galaxies which constitutes the major
astrophysical contamination of the lensing signal. I have developed techniques to
control intrinsic alignments by making use of their well-known redshift dependence.
Certain linear combinations of weak lensing two-point statistics largely downweight
the intrinsic alignment signal, while others are capable of isolating this systematic for
further study. These purely geometric transformations of the data have the strength
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that they are independent of the still uncertain models of intrinsic alignments. I will
present details about the performance and the requirements of these techniques.

Sequential Monte Carlo Techniques for Spatiotemporal for
Reconstruction of Density and Temperature in the Solar Corona
Farzad Kamalabadi, Mark Butala, Yuguo Chen, Russell Hewett, and Richard Frazin
Knowledge of three-dimensional structures in the Solar corona is important for
modeling the solar wind and the propagation of transient disturbances out to the
near-Earth space environment. White-light and extreme ultraviolet (EUV) 2D images
of the corona at different solar rotation angles, as measured routinely by a variety of
dedicated space-based and ground instruments, can be combined to produce
quantitative 3D reconstructions of persistent, large-scale coronal density and
temperature structures. In this work, we describe a state-space framework through
which one can estimate the state of the corona as a function of time. Since the 3D,
time-dependent nature of the estimation scheme demands computational methods
that scale well with the problem size, we describe new sequential Monte Carlo
techniques based on recursive estimation and optimal filtering, in conjunction with
new spatial localization concepts for line-integral measurement operators, that
dramatically reduce computational complexity and enable global assimilative models
of the solar corona. We present quantitative reconstructions using STEREO
measurements and compare the new time-dependent reconstructions of coronal
density to a sequence of static reconstructions. We find that the new dynamic
reconstructions are more robust at capturing transient features of the corona and are
less prone to computational artifacts that result from the static assumption.
Parcimonious Analysis of Hyperspectral Data
Emna Karray, Mohamed Anis Loghmari and Mohamed Saber Naceur
In this paper we explore the use of sparsity in source separation method to analyze
remote sensing data. In fact, our goal is to find a good, economic and sparse
representation of hyperspectral observation data. These observed images are
produced by sensors which provide data related to hundred of narrow and adjacent
spectral bands. This spectrum is often unique to the material composition and could
be used to investigate the elements on the surface of the earth. The challenge of this
paper is to establish a tractable framework, to discriminate, quantify and identify
materials embedded in hyperspectral images. Processing of these images requires
considerable time and computing resources. So we will apply some transformations
to illustrate the dataset with a minimum of components and a maximum of essential
information. The method‚??s key is the use of the source separation method. This
method consists in recovering a set of unobservable signals from a set of observed
mixtures. This technique has received significant attention thanks to its suitability to
recover sources when no information is available about mixture. Promising
applications can already be found in the processing of communication signals and
astrophysical data analysis. Regarding remote sensing, the source separation
method is used to recover materials within the Instantaneous Field Of View (IFOV)
by giving only sensor observations and without knowing the transfer model. In this
context, the signal separation can be achieved by restoring statistical independence.
This needs to be checked whenever the source signals arise from physically
separated systems, which is less plausible when dealing with hyperspectral data. In
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this article, we try to make less realistic assumptions to obtain a more tractable
problem. One increasingly popular and powerful assumption is that the sources have
a sparse representation in a given basis. This representation has come to be known
as parsimonious. The advantage of a sparse signal representation is that the
probability of two or more sources being simultaneously active is low. Thus, sparse
representations lead themselves to good separation, because most of the energy in
the defined basis coefficient at any time instant belongs to a single source. Two main
types of sparse basis are adopted in this work, a Discrete Cosine Transform (DCT)
basis and a discrete wavelets basis. This work provides a new method of source
separation based on sparse representation via threshold detection. Thus, the source
separation problem consists on estimating the independent directions of the mixture
matrix from the threshold values, for which we can associate the sparsest
representation. The designed basis will be very attractive due to its optimal
localization both in spatial and spectral domain. These transformation methods are of
utmost importance in the classification process and should minimize the
misclassification risk of hyperspectral images. Keywords: Source separation, sparse
representation, DCT, wavelet basis, hyperspectral data, image classification.
A continuous wavelet-based segmentation tool to analyze multifractal
properties of quiet and active regions from solar magnetogram data
Pierre Kestener
The multifractal nature of solar photospheric magnetic structures are studied using the 2D wavelet
transform modulus maxima (WTMM) method. This relies on computing partition functions from the
wavelet transform skeleton defined by the WTMM method. This skeleton provides an adaptive spacescale partition of the fractal distribution under study, from which one can extract the _(q) and D(h)
multifractal spectra. We describe the implementation of a multiscale image processing segmentation
procedure based on the partitioning of the WT skeleton which allows the disentangling of the
information concerning the multifractal properties of active regions from the surrounding quiet-Sun
field. The quiet Sun exhibits an average Holder exponent around 0.75, with observed multifractal
properties due to the supergranular structure. On the other hand, active region multifractal spectra
exhibit an average H _older exponent _ 0.38 similar to those found when studying experimental data
from turbulent flows. These robust results have important implications for modeling of the solar
dynamo, and predicting active region flare potential.
This methodoly allows for revisiting existing study of time evolution of some intermittency indicator
such as flatness by carefully discriminating quiet-Sun features from the active region and providing
more accurate estimation of such indicators. We show preliminary results of such study to evaluate
potential interest for solar flare prediction.

Nonlinear matter field reconstruction method including non-local
galaxy biasing
Francisco Kitaura
The luminous matter we observe on the sky represents only a small fraction of the
total matter in the Universe and yet with a careful treatment of the observational
selection effects and the processes of galaxy formation we can hope to extract
valuable information about the distribution of all matter from the distribution of
luminous matter alone. The more precise the techniques for making this connection
are the better we will be able to test our theories for the history of the Universe. We
present a novel nonlinear matter field reconstruction method which models the nonlocal galaxy biasing together with the selection function and window effects.
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Educated Image Segregation for
Reconstructed Images from Gaia satellite data
Alberto Krone-Martins
Despite the excellent quality of the Gaia measurements, the astrometric solution for
some objects will be disturbed by optical projections of fainter stars in the line of
sight. In order to assess this problem, two dimensional images of those sources will
be reconstructed and analyzed during the mission. However, the proposed
reconstruction algorithms introduce several artifacts on the images. We have
developed a fully automated method to analyze those reconstructed images taking
into account the existence of this additional difficulty. The method detects the
objects, decides if they are real sources or not and provides an estimate for their
positions. It relies on a three step analysis: a pixel segregation using multiple
thresholds, an optimal threshold selection for each individual detection via an interthreshold connectivity graph analysis and a k-NN supervised learning algorithm to
distinguish between single or blended sources and reconstruction artifacts. We will
present a description of this method, as well as some results obtained from a large
set of simulations.
A multifrequency method based on the Matched Multifilter for the detection
of point sources in CMB maps
Luis Fernando Lanz, D. Herranz, J.L. Sanz, J. Gonzalez-Nuevo, M. Lopez-Caniego
In this work we deal with the problem of simultaneous multifrequency detection of
extragalactic point sources in maps of the Cosmic Microwave Background. We apply
a linear filtering technique that uses spatial information and the cross-power
spectrum at the same time. To make this, we simulate realistic and non-realistic flat
patches of the sky at two frequencies of Planck: 44 and 100 GHz. We filter to detect
point sources and compare this technique with the monofrequency matched filter in
terms of completeness, reliability, flux and spectral index accuracy. The
multifrequency method outperforms the matched filter in all the studied cases in this
work.
Automated stellar parametrization with MATISSE: application to the galactic
populations
Patrick de Laverny, A. Recio-Blanco, A. Bijaoui, J.-C.Gazzano, G. Kordopatis, C.
Ordenovic, C. Worley
The MATrix Inversion for Spectral SynthEsis (MATISSE) method is an automated
procedure for the derivation of atmospheric parameters (Teff, log g, [M/H]) and
individual chemical abundances from stellar spectra. The parameters are estimated
by projections on relevant functions derived from a multilinear regression. The
method gives rapid, accurate and stable results and it can be efficiently applied to
the study of stellar populations through the analysis of large spectral data sets,
including moderate to low signal-to noise ratio spectra. MATISSE is currently part of
the stellar spectroscopic parametrization pipeline of the Gaia Data Processing and
Analysis consortium and it has being selected to perform the parametrization of the
stellar spectra contained in the ESO archive (AMBRE project). Several applications of
the MATISSE method will be described : (i) the analysis of observed standard stars
catalogues and of simulated Gaia Radial Velocity Spectrometer data.
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(ii) the results of a programme targeting several hundreds of Thick Disc stars
observed with VLT/FLAMES. This project explores the still unknonw nature of the
thick Disc population far from the solar neighborhood. (iii) the characterization of the
stars located in the fields observed by the Corot space mission. (iv) the classification
of all the stellar spectra included in the ESO archives of the FEROS, HARPS, UVES
and GIRAFFE spectrographs (AMBRE project).
Sun F corona recoveryng from thirteen years of SOHO coronal images
A. Llebaria, J. Loirat, and P. Lamy
We present in this communication the method used to recover the long term
evolution of F-Corona (that is the solar corona component due to the dusty
environment around the Sun) from the long series of coronal images gathered by the
LASCO coronagraphs during 13 years of continuous observation. It means the
dissociation of F corona from the K corona component and from the straylight, based
on the specific spatial and temporal behaviour of each one. The sparsity of the F
corona, both in space and time, is a crucial propriety for this processing For the first
time the F corona has been monitored for a so long period.
Model-Selection and Substructure Mapping with Higher Order
Lensing Distortions
Adrienne Leonard
Traditional weak lensing aims to infer the mass distribution of structures by
measuring statistically the elliptical distortion induced in images of background
galaxies as a result of the gravitational potential through which the light travels.
Such measurements rely on the assumption that there is no significant gradient in
the projected lensing potential over the scale of a galaxy image. Where this
assumption does not hold (as one approaches a mass peak, for example) higherorder distortions -- collectively termed flexion -- become apparent. Dominant on
smaller scales than weak shear, flexion measurements allow to resolve the projected
mass distribution of structures in finer detail. Such studies are very challenging,
observationally. They rely on the availability of deep, high-resolution images, and on
the ability to accurately measure and characterize the shapes of galaxy images.
Moreover, as a field still in its infancy, the question of how best to use flexion
measurements to extract information about the underlying gravitational potential
remains open. In this talk, I will discuss recent efforts to measure flexion in the
neighborhood of clusters of galaxies in order to study their underlying mass
distribution and substructure content. In particular, I will describe how aperture
filtering of the flexion signal allows to resolve the mass distribution in finer detail
than standard weak lensing or direct flexion reconstruction approaches, and offers a
convenient method for model-selection which may break degeneracy between
competing mass models and thus offer tighter constraints on the total mass and
underlying density profile.

Bayesian methods for exoplanet science:Planet detection, orbit estimation,
and adaptive observing
Thomas J. Loredo
With about 400 extrasolar planetary systems now known and the pace of discovery
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increasing, exoplanet science is shifting from being discovery-oriented to focusing on
detailed astrophysical modeling and analysis of the growing catalog of observations.
Making the most of the data, and of limited, cutting-edge observing resources,
requires new statistical tools that can optimally account for complex uncertainties,
both in the analysis of measured data, and in the planning of future observations. I
will describe work in progress by a collaboration of astronomers and statisticians
developing a suite of Bayesian tools for exoplanet detection, planetary orbit
estimation, and adaptive scheduling of observations. We focus on analysis and
scheduling of observations of the radial velocity (RV) or astrometric reflex motion of
candidate host stars based on Keplerian models for the orbits. The resulting time
series models are analytic but strongly nonlinear, yielding complex, multimodal
likelihood functions for orbital parameters. We are exploring a variety of
computational approaches for Bayesian inference and design in this context. One
approach builds on the knowledge that Keplerian orbits are periodic. We use
Bayesian generalizations of periodograms to initialize adaptive, population-based
Markov chain Monte Carlo (MCMC) algorithms. With the "smart start" and
dimensional reduction afforded by periodograms, the algorithms can quickly burn in
and efficiently explore the posterior distribution. A second approach abandons the
posterior sampling paradigm underlying MCMC, instead using adaptive importance
sampling (AIS) with a mixture-based importance sampler to evaluate the integrals
needed for Bayesian inference. For adaptive scheduling, inference results are used to
calculate predictive distributions for future data as a function of candidate observing
times, which we use to predict how new data may affect the posterior distribution.
The optimal observing time produce the greatest expected decrease in entropy of the
updated posterior.
The mark connection function for measuring galaxy segregation
Vicent J. Martinez, Pablo Arnalte-Mur, and Dietrich Stoyan
We summarize methods on spatial marked statistics used in cosmology to
disentangle luminosity, color or morphological segregation and introduces a new one
in this context, the mark connection function.
Interferometric image reconstruction with sparse priors in unions of bases
D. Mary, S. Bourguignon, C. Theys, H. Lanteri
Recent works have shown that astronomical interferometry can be linked to the
compressed sensing framework. The "sensing matrix" can be seen as a transformed
dictionary which includes the cascade of a Fourier transform operator times a
synthesis dictionary. The image reconstruction problem in interferometry can then
benefit from sparse approximation algorithms, which model the image to be
reconstructed as a sparse combination of vectors in orthogonal representation bases
like wavelets. In prolongation to these ideas, the reconstruction problem can be
formulated as a sparse approximation problem in overcomplete dictionaries
composed from unions of bases. The sparsity constraint can be explicitly imposed
during the reconstruction with algorithms minimizing the lp^p pseudo-norm, 0<=1,
or implicitly through greedy algorithms. In a first part, these works illustrate the
flexibility and versatility of the resulting reconstruction algorithms, which include the
classical CLEAN reconstruction algorithms as special case. These algorithms provide
in general better reconstruction results than CLEAN or other classical regularized
approaches, thanks to both a better description of the sparsity constraint and of the
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possible geometrical contents of the image. A side effect of this formulation is a
natural separation of the geometrical features in the reconstruction image. This
effect, which was already noticed in denoising algorithms like MCA, is very
interesting for the astrophysical interpretation of the reconstructed image. While our
previous works considered the image reconstruction problem as a sparse
approximation problem with synthesis priors, we also investigate in a second part
the case of analysis priors. We compare the two approaches on algorithms including
also the nonconvex case, 0 <1, for which we point out that analytical solutions can
be obtained in some cases. Simulation results are shown on synthetic and real radiointerferometric data. A comparison is also proposed with other classical
regularization approaches like MEM or l2-l1.
Advanced Signal Processing in Solar Physics
R.T. James McAteer
Recent significant advances in solar physics have been made possible through the
adoption of multiscale analysis techniques to 1D, 2D and 3D data. I highlight the
major advances recently made possible by the wavelet transform modulus maxima
(WTMM) algorithm. This includes the testing of solar flare mechanisms (the so-called
Neupert effect), the automatic detection of loops in extreme ultraviolet images of the
Sun, and a breakthrough in predicting solar flares. Each of these advances use the
multifractal spectrum in a novel manner, thereby highlighting the interdisciplinary
nature of this research.
The Gaia Mission and its Data Analysis
Francois Mignard
Astrometry, the accurate measurement of positions, distances and motions of
celestial bodies, is as old as astronomy itself and has entered into a new golden age
by accessing to space, first with the very successful ESA Hipparcos mission and now
with the promises of Gaia (ESA) and SIM (NASA). The science covered by Gaia is
broad and extends from galactic and stellar astrophysics to solar systems dynamics
and physics and the construction of an inertial frame in the visible with extragalactic
sources. Fundamental physics with general relativity testing will also be a major
product of the mission. In this overview I will first replace modern astrometry in its
historical perspective to better evidence the fact that the steep improvement
permitted by space technics has never been witnessed before in the entire history of
astrometry. Then I will focus more on Gaia, the only approved future space
astrometry mission, and emphasize on the multiple challenges in metrology,
accurate modeling of the observations at the sub-microarcsecond level and its huge
data analysis system, both in volume and complexity. I will go through the main
features of this analysis and the international organization of the processing
entrusted by ESA to the Data Processing and Analysis Consortium, better known
today as the DPAC.

Pansharpening of Multispectral Images using Variational Methods and Model
Combination
Rafael Molina, Miguel Vega, Javier Mateos and Aggelos Katsaggelos
Satellite imagery includes sensors able to capture, simultaneously, several low
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resolution (LR) images of the same area on different wavelengths, forming a
multispectral image, along with a high resolution (HR) panchromatic image. The
main advantage of the multispectral image is to allow for a better land type and use
recognition but, due to its lower resolution, information on the objects‚ shape and
texture may be lost. In contrast, the panchromatic image allows for a better
recognition of the objects in the image and their textures but provides no
information about their spectral properties. Super resolution (SR) of multispectral
images, also called pansharpening, is an approach that jointly processes the
multispectral and panchromatic images in order to obtain a new multispectral image
that, ideally, exhibits the spectral characteristics of the observed multispectral
image and the resolution of the panchromatic image. A few approaches to
pansharpening have been proposed in the literature. In this work we develop a
variational method for the combination of several models based on a Bayesian
formulation of the pansharpening problem. Experimental results validate the
proposed approach.
Bayesian tools for the interpretation of galaxy spectra
and their stellar populations
Pierre Ocvirk
Absorption line spectroscopy in the optical is the method of choice for constraining
the stellar content of nearby galaxies. Parallel to the development of ever better
models and instruments, a statistical framework and methods have appeared, aiming
at making the best use of the spectral information and hence of telescope time. I will
introduce STECKMAP (STEllar Content and Kinematics via Maximum A Posteriori), a
Bayesian method which uses the whole spectrum (as opposed to series of spectral
indices) to reconstruct an analog to the star formation history of the observed
object. This usually ill-conditioned problem is regularized via a penalization using a
family of smoothing kernels. I will show the advantages of this method with respect
to traditional indices measurements, and astrophysical applications. Finally, I will
demonstrate the web-service we built around this interpretation tool.

Probing the Universe with the CMB and the 21 cm tomography
Angelica de Oliveira-Costa
Progress in detector, space and computer technology has triggered an avalanche of
high-quality cosmological data, removing cosmology from the realm of philosophy
and transforming it into a quantitative empirical science. Two of the most promising
cosmological probes are cosmic microwave background (CMB) and three-dimensional
tomographic maps of redshifted 21 cm emission, with the potential to constrain the
nature of dark matter, dark energy, the early universe and the end of the cosmic
dark ages with unprecedented accuracy. I will discuss interesting data analysis
challenges posed by upcoming cosmological observations from those two
cosmological probes, with emphasis on the 21 cm tomography.
Methods for exoplanets imaging detection and characterization
E. Pantin, S.Gladysz
Recent radial velocities surveys show that exoplanets are ubiquitous around stars
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(30% of dwarf main-sequence stars). At the time the E-ELT will start to observe,
proabably several thousands of exoplanetary systems will have been discovered. The
challenge for the E-ELT will be thus to **characterize** these exoplanets, i.e. study
their physical characteristics: mass, radius, density, core structure, presence of
atmosphere, composition etc... The study of these characteristics can well conducted
using imaging or low-resolution spectroscopy. However, the main challenge consists
in observing an object which is typically close to a star (10-1000 milli-arcsec) and
between 10^6 and 10^11 times fainter. In this paper, I will review the different the
different techniques of data analysis used to disantangle the two components.

Optimal binning of the Primordial Power Spectrum
Paniez Paykari and Andrew H. Jaffe
The primordial power spectrum describes the initial perturbations in the Universe
which eventually grew into the large-scale structure we observe today, and thereby
provides an indirect probe of inflation or other structure-formation mechanisms. We
investigate the scales the primordial power spectrum can best be probed, in
accordance with the knowledge about other cosmological parameters such as
Omega, Omega_c, Omega_Lambda, h and tau.
The aim is to find the most informative way of measuring the primordial power
spectrum at different length scales, using different types of surveys and the
information they provide for the desired cosmological parameters. We will find the
optimal binning of the primordial power spectrum for this purpose, by making use of
the Fisher matrix formalism. To investigate the correlations between the
cosmological parameters, mentioned above, and a set of primordial power spectrum
bins, we make use of principal component analysis and Hermitian square root of the
Fisher matrix. The surveys used in this project are Planck and SDSS (BRG), but the
formalism can easily be extended to any windowed measurements of the
perturbation spectrum.
New Bayesian Fusion Scheme for Hyperspectral Astronomical Data
Matthieu Petremand, Christophe Collet, Andre Jalobeanu, Vincent Mazet, Fabien
Salzenstein, Mireille Louys
The goal is to perform data cube fusion of hyperspectral images obtained with MUSE
which provides a hundred of images when deep fields are observed. We have to
maximize not only the signal-to-noise ratio but also the spatial and spectral
resolution while handling with varying PSF (each of the 100 images are obtained in
different conditions). A similar problem concerns the combination of different
locations to cover a very large field from multiple poses. The approach consists in
combining all (or almost all) the information into a single model. In this case, the
model is a 2D image having an arbitrary resolution and number of spectral bands. In
practice, this depends on the amount of available data, thus leading to superresolved results when many input images are used. We propose to use a Bayesian
inference method, based on the inversion of a forward model which describes the
image formation process for each observation. The originality of the work is in
devising and implementing new methods to perform multi-image data fusion through
Bayesian inference, with the ability to address both spectral and spatial superresolution and to perform model selection in order to automatically determine the
resolution needed. Also, this involves to handle with the huge size of the data (first
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simulated then obtained from real observations from 2012), which can be done using
parallelization and a recursive code where the cubes of data are added the ones after
the others. The Bayesian framework provides a natural framework for the modeling
of optimal fusion scheme and the propagation of the errors. Keywords: optimal data
fusion, spatial and spectral super-resolution, model-based, recursive update,
Bayesian inference Input image type: hyperspectral, multiple images
Compressed sensing for spectroscopy and polarimetry
A. Asensio Ramos and A. Lopez Ariste
We demonstrate the feasibility of using compressive sensing techniques for the
acquisition of spectro-polarimetric data. This allows us to combine the measurement
and the compression process into one consistent framework. Signals are recovered
thanks to their compressibility, which will be analyzed in some detail. The results
show that it is feasible to reconstruct the signals using only a small fraction of the
information that is measured nowadays. This new paradigm allows us to define new
instrumental strategies and to propose modifications to existing instruments in order
to take advantage of compressive sensing techniques.
Reconstructing the Integrated Sachs-Wolfe Effect
Anais Rassat
Two of the main challenges in cosmology today are firstly to understand the reason
for the apparent acceleration of the Universe (dark energy or modified gravity) and
secondly to understand primordial initial conditions during inflation. The Integrated
Sachs-Wolfe effect is sensitive to changes in the cosmic gravitational potential, which
can arise from late-time dark energy domination, curvature or modified gravity. It
can be detected by correlating galaxy and CMB maps. By reconstructing the
temperature ISW signal, it is also possible to reconstruct the primordial CMB
temperature fluctuations in order to investigate primordial conditions, including nonGaussianities. We present here a new method to reconstruct the ISW signal based
on wavelets, which uses inpainting to recover missing data due to Galactic masks
and other foregrounds.
Automatic unsupervised classification of all SDSS/DR7 galaxy spectra
J. Sanchez Almeida, J.A.L. Aguerri, C. Munoz-Tunon, and A. de Vicente
Using a k-means cluster analysis algorithm, we have carried out an unsupervised
classification of all galaxy spectra in the seventh and final Sloan Digital Sky Survey
data release (SDSS/DR7). The SDSS catalog includes some 900000 galaxies, 99% of
which can be assigned to only 17 major classes, with 11 additional minor classes
including the remaining 1%. The classification is not unique since many galaxies
appear in between classes, however, our rendering of the algorithm overcomes this
weakness with a tool to identify borderline galaxies. Each class is characterized by a
template spectrum, which is the average of all the spectra of the galaxies in the
class. These low noise template spectra vary smoothly and continuously along a
sequence, from the reddest class to the bluest class. Some of the classes present
simple physical interpretation, e.g., AGNs, green-valley galaxies, or edge-on spirals.
The contribution will be focused on describing the algorithm, and the tricks employed
to speed it up. So far as we are aware of, this is the first time that k-means is used
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to classify galaxy spectra. It is simple and efficient, and it seems to work very well
from a physical standpoint. In view of its success for spectral classification, the
algorithm it may be of general interest.

Data Reduction and Analysis Software for SPHERE: recent developments and
first insights into the future of data reduction software development.
Ralf Siebenmorgen , M. Feldt, A. Pavlov, O. M√∂ller-Nilsson, J-L. Beuzit, D. Mouillet,
M. Langlois, C. Thalmann, S. Desi
The Spectro-Polarimetric High-contrast Exoplanet REsearch (SPHERE) instrument for
the VLT is designed for discovering and studying new extra-solar giant planets
orbiting nearby stars by direct imaging. The accuracy demands on this complex
instrument are high and this is reflected in demanding requirements on the data
reduction and handling, and in the large number of individual calibration procedures.
A novelty is also the inclusion of data analysis recipes into the automated pipeline. In
this paper, we briefly outline the design of the data reduction and analysis software
for SPHERE and describe recent progress in its development. We then argue that
SPHERE can be seen as one of the first of a new generation of instruments and
discuss what can already now be learned from SPHERE about new challenges in data
reduction software design, management and development processes. Along with the
key issues, we formulate some general principles that would help in overcoming
these challenges.

An Iterative Constrained Deconvolution Algorithm
for CMB Map Reconstruction
F.C. Sureau, O. Fourt, J.-L. Starck
In this work we investigate a strategy for component separation to better recover
the Cosmic Microwave Background (CMB) maps. Until now, the various component
separation techniques developed give reasonable results but none of them gives the
best result for all components, nor the best estimates for all multipole $l$. These
approaches are mainly limited by too simplistic modeling of the physical constraints
on the sources and/or an incorrect handling of the point spread function (PSF) of the
instruments. In particular, the Generalized Morphological Component Analysis
technique (GMCA) gives only good results at low l. To improve the separation
obtained with this technique, we propose to use a flexible framework developed
recently in optimization theory to perform deconvolution under various (convex)
constraints. The proposed technique is therefore a two-stage approach: estimation of
an approximate mixing matrix using GMCA followed by constrained deconvolution
using this matrix in an iterative algorithm. Results obtained from a 1D toy model
based on a Planck Sky Model simulation suggest that this approach is valuable to
improve component separation.

Recent advances in sampling: from splines to compressed sensing
Michael Unser
Our purpose is to review the present state of research in sampling. We concentrate
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on the traditional setup where the samples are taken on a uniform grid, but we
explicitly take into account the non-ideal nature of the acquisition device and the fact
that the measurements may be corrupted by noise (deconvolution problem). We
argue in favor of a variational formulation where the optimal signal reconstruction is
specified via a functional optimization problem. The cost to minimize is the sum of a
discrete data term and a regularization functional that penalizes non-desirable
solutions. We show that, when the regularization is quadratic, the optimal signal
reconstruction (among all possible functions) is a spline whose type is tied to the
regularization operator. This leads to an optimal discretization and an efficient signal
reconstruction in terms of B-spline basis functions. A possible variation is to penalize
the L1-norm of the derivative of the function (total variation), which can also be
achieved within the spline framework via a suitable knot deletion process._
The
theory of compressed sensing provides an alternative approach to sampling that is
qualitatively similar to total-variation regularization. Here the idea to favor solutions
that have a sparse representation in a wavelet basis. Practically, this is achieved by
imposing a regularization constraint on the l1-norm of the wavelet coefficients. We
show that the corresponding inverse problem can be solved efficiently via a multiscale variant of the ISTA algorithm (iterative shrinkage-thresholding). We illustrate
the method with two concrete imaging examples: the deconvolution of 3-D
fluorescence micrographs, and the reconstruction of magnetic resonance images
from arbitrary (non-uniform) k-space trajectories.__
BIOGRAPHY_Michael Unser is professor and Director of EPFL's Biomedical Imaging
Group, Lausanne, Switzerland. His main research area is biomedical image
processing. He has a strong interest in sampling theories, multiresolution algorithms,
wavelets, and the use of splines for image processing. He has published over 150
journal papers on those topics, and is one of ISI’s Highly Cited authors in
Engineering (http://isihighlycited.com)._
From 1985 to 1997, he was with the
Biomedical Engineering and Instrumentation Program, National Institutes of Health,
Bethesda USA, conducting research on bioimaging._
Dr. Unser is a fellow of the IEEE, a member of the Swiss Academy of Engineering
Sciences, and the recipient of three Best Paper Awards from the IEEE Signal
Processing Society.

Fast and Robust Segmentation of Solar EUV Images: Towards Real Time Use
in the Age of SDO
C. Verbeeck, B. Mampaey, Veronique Delouille, J.-F. Hochedez and V. Barra
Solar images from space telescopes contain a wealth of information on solar
variability, of great importance both in solar physics and in view of Space Weather
applications. Obtaining this information, however, requires the ability to process
large amounts of data over long periods in an objective fashion. In previous work,
we have proposed a multi-channel unsupervised spatially-constrained multichannel
fuzzy clustering algorithm (SPoCA) that automatically segments EUV solar images
into Active Regions (AR), Coronal Holes (CH), and Quiet Sun (QS). After having
corrected for the limb brightening effect, SPoCA computes an optimal clustering with
respect to the regions of interest using fuzzy logic on a quality criterion to manage
the various noises present in the images and the imprecision in the definition of the
above regions. Next, the algorithm applies a morphological opening operation,
smoothing the cluster edges while preserving their general shape. The process is fast
and automatic. While we presently apply SPoCA to EUV data, the method is generic
enough to allow the introduction of other channels or data, e.g., DEM maps. Applying
SPoCA to SoHO-EIT images along almost a full solar cycle (January 1997 till May
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2005), we obtained variations of area, mean intensity, and relative contributions of
AR, CH, and QS to the solar irradiance, consistent with previous results.
Furthermore, we found evidence for a small but significant variation of the mean
intensity of each region in correlation with the solar cycle. In the present poster, we
present the fine-tuning of the algorithm and its implementation for optimal
segmentation and performance. We show how to combine SPoCA's detection of AR
on subsequent images in order to allow for automated tracking and naming of any
region of interest, paving the way for systematic temporal follow-up studies of AR,
CH, and QS. Finally, we indicate how to tailor the method to the needs of the high
resolution EUV images soon to be delivered by SDO-AIA.

On studying galaxy spin alignments in the Cosmic Spine
Rien van de Weygaert, Miguel Aragon-Calvo & Bernard J.T. Jones
We introduce and describe the SpineWeb procedure for tracing the topological
structure of the Cosmic Web, and apply it to the SDSS DR5 spatial galaxy
distribution to uncover a weak yet significant alignment of the spin of galaxies with
respect to their embedding filaments. The SpineWeb formalism is intimately related
to Morse theory, and traces the filamentary and sheetlike morphology of the Cosmic
Web via the mutual connections of the singularities -- minima, maxima and saddle
points. It
is based on three key observations: 1) the Cosmic Web is an interconnected system
of walls, filaments and clusters, with all elements being interconnected, 2) walls are
the defining boundaries between adjacent voids. 3) filaments run between clusters
and across the intersection of walls, membranes permeate the space between
adjacent filaments. In order to assure a proper topological representation of the
density field, the SpineWeb procedure starts by evaluating the tessellation-based
DTFE density field defined by the galaxy or particle distribution. The DTFE density
field guarantees an optimal and unbiased representation of the hierarchical nature
and anisotropic morphology of cosmic structure.Subsequently, it applies the
watershed segmentation, to trace the critical points in the density field and outline
the boundaries between the watershed basins. The topological identity of the
boundary voxels - filament, wall or node - is established on the basis of their
adjacency characteristics. The spine formalism has been extended to a genuine
multiscale formalism, allowing the identification of the spine over a range of scales. A
third stage of development concerns the direct calculation of the spine on the
Delaunay tessellation itself, circumventing the need to reconstruct the density field.
An immediate application of the Spine procedure concerns the search for significant
alignments in the Cosmic Web, a direct manifestation of large-scale tidal fields
morphing the weblike large scale structure as well as the tidal torques spinning up
dark halos. Instead of an orientation correlation study, we have chosen to identify
the galaxies that carry the most significant fossil alignment in the cosmic Web. By
restricting the analysis of the SDSS DR5 galaxy sample to edge-on galaxies, we
guarantee a perfect and clean orientation signal. Following a local and individual
statistical analysis based on three feature measures, we have found a significant
signal of alignment. From our sample, we can point to fourteen galaxies that have an
uncommon perpendicular orientation with respect to the filaments in which they are
embedded.
Spread Spectrum for Radio-interferometric
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and magnetic resonance imaging
Yves Wiaux
The probe of signals through Fourier sampling represents an acquisition strategy
shared by various sensing techniques in science and technology. This is in particular
the case in radio astronomy when astrophysical signals are probed by
interferometry. In this context, and in the perspective of forthcoming international
radio interferometer projects such as the Square Kilometer Array (SKA), we consider
the problem of defining the best possible imaging techniques for sparse signals from
a low number of Fourier measurements. In light of the recent theory of compressed
sensing, we advocate the introduction of a large bandwidth pre-modulation
spreading the power spectrum of the signal before Fourier sampling. In radio
interferometry, such a modulation might be obtained through a specific design of
telescope arrays enforcing a large component of the baselines in the pointing
direction. We show the universality of this spread spectrum technique relative to the
sparsity dictionary in terms of achievable signal reconstruction quality, both in theory
and on the basis of numerical simulations. In order to illustrate the generality of the
technique proposed, we also briefly discuss its transfer to magnetic resonance
imaging.
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Abstracts – poster Contributions
Estimation of the coherence time of stochastic pulsations
Chris Koen
The performance of frequency domain and time domain estimation of the coherence
time is compared, for both regular and irregular time spacings of observations.
The 1905 Einstein equation in a general mathematical analysis model of
Quasars
Bell Byron
The 1905 wave equation of Albert Einstein is a model that can be used in many
areas, such as physics, applied mathematics, statistics, quantum chaos and financial
mathematics, etc. I will give a proof from the equation of A. Einstein paper on the
Electrodynamics of Moving Bodies. I will do this by removing the variable time (t)
and the constant c, the speed of light, from the above equation and look at the
factors that affect the model in a real analysis framework. Testing the model with
SDSS-DR5 Quasar Catalog (Schneider +, 2007).
Photometric redshifts
Fionn Murtagh
The Baire or longest common prefix ultrametric allows a hierarchy, a multiway tree,
or ultrametric topology embedding, to be constructed very efficiently. The Baire
distance is a 1-bounded ultrametric. For high dimensional data, one approach for the
use of the Baire distance is to base the hierarchy construction on random
projections. In this paper we use the Baire distance on the Sloan Digital Sky Survey
(SDSS, http://www.sdss.org) archive. The problem we address is the regression of
(high quality, more costly to collect) spectroscopic and (lower quality, more readily
available) photometric redshifts. In this way, we develop a new nonlinear regression
approach for estimating astrometric from photometric redshifts.

Algorithm for bispectral Analysis of CMB data
S. Pires, A. Lavabre, S. Plaszsczynski
The Inflation that consists in an early short period of rapid expansion is now become
a standard paradigm to describe the physics of the very early Universe by reason of
its success to explain both the horizon problem and the flatness problem. A number
of theories of inflation have been proposed that make different predictions about the
Cosmic Microwave Background fluctuations. Thus the measurement of the statistical
properties of the CMB are a direct test of inflation and will help to rule out most of
these models. If the CMB is Gaussian it is completely described by the power
spectrum but many realistic models predict deviations from Gaussianity. If these
models are true, the power spectrum provides a limited insight on early Universe and
non-Gaussian estimators are needed. The Fourier analog of the three-point
correlation, the bispectrum is the most promising statistic to probe the small
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departure from Gaussianity that could originate during inflation and any
measurement of non-Gaussianity in a specific CMB bispectrum configuration will be a
signature of the model of inflation. Most of studies in CMB bispectrum are only
interested by the measure of the FNL parameter. But the full bispectrum can set
tigher constraints on the inflation model. In this context, we have implemented a
fast bispectrum estimator which is fully optimal in presence of sky-cuts. Contrary to
others fast estimators that are limited to some specific bispectrum configuration, our
estimator can be used to evaluate every configuration.
BSS contribution in soil properties mapping
Walid Ouerghemmi, C. Gomez and S. Naceur
Imaging spectroscopy has proven to be a useful technique for mapping of soil
surface properties. But the applicability of the spectroscopy techniques decreases
when soil surface is partially covered with vegetation. This consequently restricts the
use of imaging spectroscopy to the bare soil surfaces.
Removing IFU signatures with Wavelet and PCA combined
Fabricio Ferrari, J. Evangelista Steiner, Tiago Vecchi Ricci, Roberto Bertoldo Menezes
We present a new data cube analysis method based on Discrete Wavelet and
Principal Component transforms. The method consist in decomposing the data cube
in wavelet and principal components spaces, remove unwanted structures, and
reconstruct the data cube. It is used to remove instrumental signatures in Integral
Field Units (IFU) data. IFU signatures are structures present both in spatial and
spectral dimensions; usually they cannot be removed with standard techniques
without affecting the science data. Many IFU's present these signatures and no
general technique has been developed so far to attack the problem. Using discrete
wavelets and principal components we can isolate the signature and remove it. As an
example of the technique, we apply it to Gemini/GMOS IFU data of the galaxy NGC
1399.
The computing exploration of the purely hydrodynamic model of active
astronomical object
Vladimir Vitkovskiy and K. Halin
The basic mechanism of activity in the model is the cumulative process arising from
the accretion of surrounding substance on the poles of rotating object in a cone
shaped funnel. In the substance under accretion hydrogen prevails. Falling on a star
surface, hydrogen accumulates and heats up to the temperature at which
thermonuclear reaction of transformation of hydrogen in helium begins. The source
that is the central area of the accretion disk, participates in continuous precessional
and rotational movement. Gas emission in streams is modulated, it occurs in
portions, on average 1 to 3 portions a day. These portions named "bullets" appear on
spectra ("a young stream") as fragments of profiles of lines or separate lines, their
position on a spectrum does not change. Development of thermal instability in the
degenerated substance that falls on the surface of a neutron star as a result of
accretion is often considered as a model for flashing x-ray sources (barsters).
Accretion on massive objects can explain powerful compact sources of radiation in
the centers of active galaxies.
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The huge volume data analyze by means of multidimensional cognitive
visuialization.
Vladimir Gorokhov and Vladimir Vitkovskiy
The multidimensional data huge volume analysis problems can be resolved with the
help of modern information technologies and, first of all, with the help of the
cognitive computer graphics. New methodology must ensure the successful
application of software of the visualization of multidimensional data and systems of
the visual programming. New procedures and means of work with the cognitive
graphic figures give impetus to the development of fundamentally new algorithmic,
software of the visualization of experimental data.
QuickViz: A 3D visualiser for IFU data cubes
M. Petremand, M. Louys, C. Collet
We present the functionalities and architecture of a 3D viewer dedicated to
hyperspectral data in the field of astronomy. The software allows to navigate into the
data concurrently on the spatial axis as well as on the spectral axis, via a coupling
procedure. All the spatial functionalities are covered by the host application: ALADIN
, while the developed part manipulates and displays spectra of the data cube. Data
selection can operate in the spectral field and allow band combination in the image
domain , while region selection in the image plane feeds a spectrum computation (
mean, weighted average, etc.) in the spectral domain. The tool aims at the
exploration of a data cube , provides clues to visualize uncertainties along the
spectral axis, PSF variation, Sky Background. All the VO metadata supported in
Aladin are present. The software interacts with specific Spectral analysis software
like VOSpec or Splat , using the SAMP protocol. This application was written as a
Java Plugin and re-uses the infrastructure developed in ALADIN. NB: A demo can be
provided with the talk as well.

Application of polyharmonic Wavelet Analysis to Astronomical images
Ognyan Kounchev, D. Kalaglarsky and M. Tsvetkov
There has been a number of applications of Wavelet Analysis to the processing and
compression of Astronomical images, see the works (monographs) of F. Murtagh and
J.-L. Starck. In particular, the curvelets of D. Donoho (Stanford) and E. Candes
(Caltech) have been applied, and most recently, the new approach of Compressive
sensing has been tested against astronomical images. We propose the applications of
alternative, so-called polyharmonic Wavelet Analysis, for analyzing and compressing
Astronomical images. Recently, this has shown an essential advantage over other
methods at least for the representation and compression of chain images.
[1] O. Kounchev, Multivariate Polysplines. Applications to Numerical and Wavelet
Analysis, Acad. Press, San Diego, 2001.
[2] N. Dyn, O. Kounchev, D. Levin, H. Render, Polyharmonic subdivision for CAGD
and multivariate Daubechies type wavelets, in preparation.
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Classification Results of Fused Multi-wavelength Data Containing Imputed
Missing Values
Susan Hojnacki, Donald Richards
Many stellar objects may not be visible in all wavelength regimes, for example, not
visible in optical wavelengths due to the intervening stellar medium but visible in
infrared and X-ray wavelengths. Complete Case Analysis, data analysis that ignores
objects with incomplete data, can result in a selection effect and, very likely,
misleading results. Missing data imputation techniques were used to estimate
missing values for infrared and visible data prior to data fusion and classification. In
addition, a version of principal components analysis that has the ability to contend
with missing data was used. Results of the astronomical data analysis of the dataset
containing imputed values will be presented.

Correcting Corot Ligth Curves from Collective Effects
Pascal Guterman and T. Mazeh
The Corot satellite is being in operation for more than two years. Its exoplanet
program measures simultaneously the fluxes of thousands of stars in order to detect
periodic light dimming caused by exoplanet transits. We improve the data by
correcting systematic variations which are derived from the dataset itself. We
developed MagZep, a new algorithm to remove systematic effects that are found
independently in each of images. We then applied the already known algorithm
SysRem who search for time dependent systematic effects that are shared by many
stars. We provide astronomers with cleaned set of light curves.
Dynamics of Supercluster Environments
Murat Hudaverdi, M. Bozkurt and A. Mert-Ankay
Supercluster concentrations are the best cosmic laboratories of the universe because
they are the largest gravitational entities (~100 million light-year width). In this
research, we have analyzed the clusters of galaxies from supercluster regions with
advanced X-ray satellites. Our first region is Shapley Concentration (SC). SC is the
richest and the most dynamically active volume in the local universe (z<0.1). The
other concentration is Super Cluster Candidate 100 (SCC100). It also locates in the
local universe and is not well studied in X-rays. In this study we report the structural
analysis of the system clusters and the mutual interactions due to close locations in
order to understand large scale properties of the universe.
Hunting for clusters in the CFHTLS Deep Fields
Murat Hudaverdi, S. Ali and N. Ercan
We survey for extend x-ray emission from CFHTLS Deep field regions as an indicator
of large scale structures. Brightest cluster galaxies (BCGs) are detected in a
systematic way to CFHTLS ugriz filtered data. Based on the X-ray data, several
cluster candidates have been identified. Basic parameters such as flux, luminosity,
temperature and gas profiles are studied.
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Investigating the isoradial thermal structure of gas within Clusters of
Galaxies: a multiscale approach
Herve Bourdin
Clusters of galaxies, the largest gravitationally bound structures in the Universe, are
permeated by an X-ray emitting gas which thermodynamical evolution is affected by
a complex baryonic physics. Related to the underlying pressure and entropy
structure of the Intra-Cluster Medium (ICM), the shape of gas brightness and
temperature profiles within cluster samples hove been extensively used to put
observational constraints on the theoretical models of cluster evolution. Such profile
catalogs show however a scatter which origin is likely to be related to both statistical
fluctuations and intrinsic gas brightness and thermal structure within individual
clusters. By means of wavelet spectral-imaging analyses performed in elliptical
coordinates, we investigate the isoradial thermal structure of the ICM, as observed in
X-ray observations. From tests performed on mock EPIC-XMM observations of
simulated galaxy clusters, we show that this approach should enable us to
complement radial analyses of the ICM structure and better constrain the relative
influence of various physical processes affecting ICM thermodynamics, in particular
the radiative cooling, heat conduction and star formation within cluster galaxies.

Multifrequency detection of sub-mm extragalactic point sources
Diego Herranz, Jose Luis Sanz, Marcos Lopez-Caniego and Joaquin Gonzalez-Nuevo
In this work we address the problem of simultaneous multifrequency detection of
extragalactic point sources in the maps of the cosmic microwave background. We
apply a new linear filtering technique, the `matched matrix filters', that incorporates
full spatial information, including the cross-correlation among channels, without
making any a priori assumption about the spectral behaviour of the sources. A
substantial reduction of the background is achieved thanks to the optimal
combination of filtered maps. In this contribution we will illustrate the applicability of
this filtering technique to CMB and infrared astronomical images, such as the ones
that are being obtained by the ESA's Planck and Herschel missions.

Astrophysical Map Reconstruction from Convolutional Mixtures
Koray Kayabol, Jose Luis Sanz, Diego Herranz, Ercan E. Kuruoglu and Emanuele
Salerno
We propose an astrophysical map reconstruction method for multi-channel blurred
and noisy observations. We define the problem under Bayesian framework. We use
the t-distribution to model the image gradients as a prior and resort the Monte Carlo
simulation to estimate the maps and error both in the pixel and frequency domain.
We test our method in five different sky patch located at varying positions from
galactic plane to high altitude. We give the estimated maps along with the power
spectrums and the numerical performance measures.
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Data Reduction of AO Images in Crowded Stellar Fields
Atul Deep, Giuliana Fiorentino and Eline Tolstoy
It is expected that several new Extremely Large Telescopes (E-ELT, TMT & GMT) will
see first light towards the end of this decade. The large aperture size of these
telescopes ( > 20m) along with their adaptive optics systems (like MCAO, GLAO,
SCAO etc ) will allow us to image astrophysical objects with unprecedented very high
angular resolution. However, to extract full scientific information from these systems
is going to a very challenging task because of complex shape of AO point spread
function (PSF) and will therefore require careful data reduction techniques. The main
complexity of AO images is that the correction is never perfect and the PSF always
has a complex residual halo around the central core which contains a large fraction
of the light. The variations in seeing over short periods of time and anisoplanatism
effects create strongly time dependent effects in the PSF. We create simulations of
crowded stellar fields using PSFs from a MCAO (multi-conjugate AO) system MAORY
(a Multi-Conjugate AO system, currently a Phase A study at ESO) to perform our
analysis. For SCAO (single-conjugate AO) mode we use analytic code PAOLA to
obtain our PSFs. Photometry is then performed on these simulated images using
current photometric packages like Starfinder and Daophot to test photometric
accuracy achieved in different crowding regimes, effect of anisoplanatism and seeing
conditions.
Chandra study of X-ray point sources from the outskirts of A2534
Mustafa Bozkurt, Murat Hudaverdi and E. Nihal Ercan
We present an analysis of Chandra observations of the A2534 (RA=23h07m34.3s,
Dec= -22d39m45s). It locates in the local universe (z=0.2014) in the SCC100
concentration. ICM gas temperature and metal abundances are estimated within R~3
arcmin region. The point sources are spectrally studied with power-law emission
model. Best fitted Photon-index, Fx, Lx values are compared with field sources. We
try to understand the effects of highly concentrated and dynamically active
supercluster environment on the individual sources.
Measuring SDSS power sprectrum by multiresultion analysis
Antoine Labatie
We use a method for measuring the power spectrum and the correlation function in
the SDSS newest samples, which has not been extensively used in 3D redshifts
surveys. The analysis is based on a multiresolution analysis and uses the relation
between the power spectrum value in a given frequency bin and the variance of the
wavelet coefficients at the corresponding scale. By removing wavelet coefficients
affected by the border we can simply avoid boundary effects, which cause a
smearing of the power spectrum in the usual Fourier analysis. Furthermore the
logarithmic spacing of the modes in the wavelet decomposition automatically gives
an optimal binning for the power spectrum estimation. We further investigate the
precision of the method in reconstructing the correlation function, which can be done
in N logN time, compared to NÀ?2 for usual estimators based on pair histograms.
This is of particular interest given the fast increase in survey sizes which could
prohibit the use of non optimal algorithms.
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Pattern recognition for the measurement of solar magnetic fields
A. Lopez Ariste
In the last 10 years a series of pattern recognition techniques have been
incorporated as techniques to measure solar magnetic fields. I will review the use of
Principal Component Analysis and Support Vector Machines, how they have
contributed to advance our knowledge of solar plasma and what can we expect from
new upcoming tools.
The Color Detection of Galactic Cold Cores
Ludovic Montier et al.
The Herschel and Planck missions open a new window on the submillimeter
astronomy at high resolution. It makes possible the extensive detection and study of
small structures like pre-stellar cores, also known as cold cores. We present an
original multi-wavelength algorithm based on color properties optimized to detect
cold point and compact sources over the whole sky (Montier et al. 2010, 'the Cold
Core Color Detection Tool : CoCoCoDeT'). This method appears very efficient where
usual methods fail, in particular inside the galactic plane where confusion level is
high. We have applied it on Planck Data and first results look very positive. We will
present here the results obtained on the Science Demonstration Phase Data of
Herschel, in the context of the HiGal Project focused on the Galactic Plane, and Cold
Cores Project. Already hundreds of cold spots have been extracted in more than 8
square degrees.
VisIVOWeb: a web solution for large-scale astrophysical visualization
Alessandro Costa, U. Becciani, P. Massimino, M. Krokos; G. Caniglia, C. Gheller, A.
Grillo and F. Vitello
VisIVOWeb is a collection of web based tools explicitly designed to deal with archives
of real world observations or numerical simulations. VisIVOWeb is oriented to the
high quality 3D Rendering using both VTK libraries and a dedicated volumetric ray
casting algorithm. It acts as a remote and interactive visualization service for a
multidimensional exploration of astronomical catalogues as well as a visualization
tool for cosmological simulations.
Data First Look and Background modeling for the Gaia/Radial Velocity
Spectrograph Data Reduction pipeline
Pierre Ocvirk
Measurements made by the Radial Velocity Spectrometer onboard of the Gaia
satellite will, together with proper motions, constrain the 6-dimensional phase space
of about 150 million stars in the Milky Way. Careful monitoring of the satellite health
is required in order to achieve all mission objectives. To that end, the data that are
downlinked are immediately processed by a dedicated First Look software package to
continuously evaluate the status of Gaia. The spectroscopic analysis part of FL
consists of a series of algorithms that rapidly and robustly derive key spectrum
diagnostics, e.g. positions, dimensions, dispersions, magnitudes. A comparison to
expectation values produces statistics that are evaluated and trended to daily assess
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the health of the RVS instrument. Due to the slitless nature of the RVS instrument
and the scanning strategy, each observed spectrum is a superposition of the target
object and an ubiquitous, highly structured background arising from the overlaps
between the spectra of neighboring stars. For proper extraction of the target spectra,
this background needs to be evaluated accurately. I will present the method
designed to model the stellar background.
LSST Simulation Effort
James Pizagno
The Large Synoptic Survey Telescope is planning a multi-wavelength (6
band),temporal, deep, and wide survey of theoretical universe. LSST will collect
30TB of data on a nightly basis, and will identify variable objects, moving sources, as
well as different populations of stars and galaxies. We discuss the LSST simulation
effort, which includes the generation of galactic, extra-galactic, and solar system
sources at the level of images and catalogs. These data are being used by the LSST
to generate analysis algorithms, test the pipeline processing, and to evaluate some
of the science challenges of LSST. We will describe the framework that is used to
generate these simulations, the input catalogs, the associated physics, and how this
effort will generate the 40TB of data used for the next LSST data challenges.
Efficient Markovian Model Based Restoration of Hinode Images.
M. Haindl and Stanislava Simberova
We propose an efficient fast image reconstruction method based on a set of
exceptionally efficient adaptive Markov random field models mutually competing
during image restoration. The method assumes linear degradation model with the
unknown possibly non-homogeneous point-spread function and additive noise. A
locally optimal model from a set of available models is selected for a pixel restoration
provided that there is no image steep discontinuity in its vicinity, otherwise the pixel
is left unrestored to minimize restoration blurring effect. The method is applied for
Hinode sample data in two wavelengths, G and H bands of CaII. The by-product with
reconstruction result is a corresponding prediction probability image. Its information
value for astrophysical interpretation has been discussed.
3D Data processing with low redundancy curvelets
Arnaud Woiselle, JL. Starck, J. Fadili
We present a low redundancy implementation of the 3D fast curvelets originally
designed and implemented by (Candes et al., 2006) and (L. Ying et al., 2005). Our
implementation has a redundancy of about 11, and is used to denoise and inpaint
different kinds of 3D data, either 2D+time or full 3D.
A new method for Poisson noise removal on the sphere: Application to the
Fermi Space Telescope
Jeremy Schmitt
The Large Area Telescope (LAT), the main instrument of the Fermi Gamma-Ray
Space Telescope, detects high energy gamma rays with energies from 20 MeV to
more than 300 GeV. The two main scientific objectives, the study of the Milky Way
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diffuse background and the detection of point sources, are complicated by the lack of
photons. That is why we need a powerful Poisson noise removal method on the
sphere which is efficient on low count Poisson data. This paper presents a new
multiscale decomposition on the sphere for data with Poisson noise, called Multi
Scale Variance Stabilizing Transform on the Sphere (MS-VSTS). This method is based
on a Variance Stabilizing Transform (VST), a transform which aims to stabilize a
Poisson data set such that each stabilized sample has a quasi constant variance. In
addition, for the VST used in the method, the transformed data are asymptotically
Gaussian. MS-VSTS consists of decomposing the data into a sparse multi-scale
dictionary like wavelets or curvelets, and then applying a VST on the coefficients in
order to get almost Gaussian stabilized coefficients. In this work, we use the
Isotropic Undecimated Wavelet Transform (IUWT) and the Curvelet Transform as
spherical multi-scale transforms. Then, binary hypothesis testing is carried out to
detect significant coefficients, and the denoised image is reconstructed with an
iterative algorithm based on Hybrid Steepest Descent (HSD). To detect point
sources, we have to extract the Galactic diffuse background: an extension of the
method to background separation is then proposed. In contrary, to study the Milky
Way diffuse background, we remove point sources with a binary mask. The gaps
have to be interpolated: an extension to inpainting is then proposed. The method,
applied on simulated Fermi LAT data, proves to be adaptive, fast and easy to
implement.
The Adogram Transform: a fully adaptive time-frequency decomposition of
1D signals
Lila Hadji
We propose a new two-dimensional scheme to visualize 1D signals, called adogram.
Adogram representation aims at studying the evolution of frequencies over time,
adapting at each step time the analysis function in order to optimize the timefrequency representation. The idea is to represent the signal in an overcomplete
representation using the undecimated wavelet packet framework. Then, a best basis
algorithm is applied for each time point to select the most representative waveforms,
resulting in a frequency bandwidth decomposition. We show that the Adogram can
be used to analyze the frequency evolution of QPO signals (Quasi-Periodic
Oscillations).
Line-core
L. Reggami and Moncef Bouledroua
The present study deals with the collisional broadening of the monoatomic
magnesium, evolving in a ground helium gas, in the wavelength and temperature
ranges 260-310 nm and 100-3000 K, respectively. The emission and absorption
spectral profiles, which might be generated from our theoretical computations, are
based on the most recent potential-energy curves and transition dipole moments.
The required interatomic Mg(3s2)-He and Mg(3s3p)-He potentials are constructed
from two different sets.1

A comprehensive approach to spectroscopic data: the road to Spectroscopix
L. Paioro, B. Garilli., P. Franzetti, M. Scodeggio, and M. Fumana
We present a comprehensive data reduction and management system for
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spectroscopic data, mainly oriented towards large spectroscopic surveys. It involves
new software technologies and tools specifically developed by PANDORA at INAF
IASF Milano, in order to offer an integrated and collaborative environment. The main
elements of this environment consist in: (a) a centralized data reduction pipeline
called Easy Life, able to support multiple MOS spectrographs with a plug-in system;
(b) an automatic redshift measurement tool with high reliability called EZ; (c) a Web
site which provides a survey management system; (d) a catalogs query system and
data products access tool named DART. The data reduction pipeline presently
supports MOS data from the VLT-VIMOS instrument, while the development of the
reduction pipeline for LBT-LUCIFER data is ongoing. The environment is being
successfully exploited for the first time by the "VIMOS Public Extragalactic Redshift
Survey" (VIPERS), an ESO Large Program, started at the end of 2008, which has
been allocated 600 hours on VIMOS to collect spectra for ~100,000 objects. We plan
to consolidate these technologies in a stable service to the whole astronomical
community, establishing the first public data reduction center for spectroscopic data:
Spectroscopix.
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Tutorial 1
“Modern tools for linear inverse problems”
Jalal Fadili
This tutorial will focus on linear inverse problems and modern tools to solve them,
including variational models, sparse regularization and optimization.
Many applications are within the scope of this course such as deconvolution, superresolution, sparse recovery and compressed sensing decoding. This course will be
organized as practical works under Matlab. Participants are encouraged to have their
own laptops with Matlab (7 or higher), WaveLab802 (http://wwwstat.stanford.edu/~wavelab/ <http://www-stat.stanford.edu/~wavelab/> )
and
CurveLab (www.curvelet.org <http://www.curvelet.org>) pre-installed.

Tutorial 2
Sparse image decomposition and source separation
Jalal Fadili
This tutorial will give essential insights into the use of sparsity and morphological
diversity in image decomposition into several semantic components; think of
symphonic music which may involve superpositions of acoustic signals generated by
many different instruments – and imagine the problem of separating these
contributions. The course will also underline the role of sparsity and morphological
diversity as a novel and effective tool for analyzing multichannel data and as a
source of diversity for blind source separation (BSS). This course will be organized as
practical works under Matlab. Participants are encouraged to have their own laptops
with Matlab (7 or higher), WaveLab802 (http://www-stat.stanford.edu/~wavelab/
<http://www-stat.stanford.edu/%7Ewavelab/>) and CurveLab (www.curvelet.org
<http://www.curvelet.org>) pre-installed.

Tutorial 3
iCosmo: an interactive cosmology package
Anais Rassat
iCosmo is a software package to perform interactive cosmological calculations for
the low redshift universe. The computation of distance measures, the matter power
spectrum, and the growth factor is supported for any values of the cosmological
parameters. It also performs the computation of observables for several cosmological
probes such as weak gravitational lensing, baryon acoustic oscillations and
supernovae. The associated errors for these observables can be derived for
customized surveys, or for pre-set values corresponding to current or planned
instruments.The code also allows for the calculation of cosmological forecasts with
Fisher matrices which can be manipulated to combine different surveys and
cosmological probes. The code is written in the IDL language and thus benefits from
the convenient interactive features and scientific library available in this language.
iCosmo can also be used as an engine to perform cosmological calculations in batch
mode, and forms a convenient evolutive platform for the development of further
cosmological modules. With its extensive documentation, it may also serve as a
useful resource for teaching and for newcomers in the field of cosmology.
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