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Bayesian blind component separation for cosmic microwave background observations.
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Abstract. We present a technique based on the Expectation-Maximization (EM) algorithm for the separation of the components of noisy mixtures in the Fourier plane. We perform a semi-blind joint estimation of components, mixing coefficients and noise rms levels. A priori information for the spatial spectrum of the components and for the mixing coefficients can be naturally included in the algorithm. This method is applied to the separation of distinct astrophysical emissions on simulations of future observations with the High Frequency Instrument of the Planck space mission, due to be launched in 2007. The simulations include a mixture of astrophysical emissions and instrumental white noise at the levels expected for this instrument. We have obtained good preliminary results with this technique, being able to blindly separate noisy mixtures with 3 components.



INTRODUCTION The restitution of signals or images from the observation of their mixtures has grown into a field of itself now classically called “source separation". Astrophysics, being a field of physics in which nearly all the information we can get about the physical processes occurring in very distant places is through observation of their electromagnetic emission, is naturally a field in which source separation methods can be usefully applied. One such application, of particular importance, can be found in millimeter and submillimeter astronomy. Mapping and interpreting sky emissions in the millimeter and sub-millimeter range recently made possible thanks to dedicated sensitive balloon borne and space borne instruments, is indeed one of the main objectives of present and upcoming observational effort in astronomy. Among the scientific objectives of these observations, the precise measurement of primordial temperature and/or polarisation fluctuations of the Cosmic Microwave Background (CMB) radiation is one of the priorities, which has been given recently a tremendous emphasis. This radiation, emitted some 12-15 billion years ago, conveys a large amount of information about our universe as a whole. The importance of measuring anisotropies of the Cosmic Microwave Background (CMB) to constrain cosmological models is now well established. In the past ten years, tremendous theoretical activity demonstrated that measuring the properties of these temperature anisotropies will constrain drastically the cosmological parameters describing the matter content, the



geometry, and the evolution of our Universe [12, 13]. Recently, balloon-borne experiments such as Boomerang [4] and MAXIMA [9] have measured the CMB anisotropies in small patches of the sky at higher angular resolution ( ) placing strong constraints on the quasi-flatness of the Universe. A new generation of satellite experiments will provide shortly multi-frequency observations of the microwave and far infrared emission of the sky, with as a main objective the precise mapping of CMB fluctuations over the sky at high angular resolution and with unprecedented accuracy. One of these missions, the Microwave Anisotropy Probe, has been launched by NASA end of june 2001, and will provide full sky 15-30 arcminute resolution maps of the sky in three frequency channels with high signal to noise ratio in each pixel. Even more sensitive by an order of magnitude, the Planck mission, to be launched by ESA in 2007, will provide full sky maps with 5-30 arcminute resolution in 9 frequency channels between 30 and 850 GHz. The accuracies required for precision tests of the cosmological models, however, is such that it is necessary to achieve precisions on the CMB maps well below the expected level of contamination from astrophysical “foregrounds". Indeed, there are at least 6 different physical emission processes which will contribute significant components in the Planck observations. Thus, it is crucial for the success of these future missions to separate CMB and foregrounds in the observed microwave maps. The separation of these emissions by adapted source separation methods is expected to be one of the main steps in the analysis of future CMB data. So far, two sets of independent algorithms have been proposed: MEM and Wiener filtering [3, 17, 11] for which the electromagnetic spectrum of the components is assumed known, and blind Independent Components Analysis (ICA) [1] for which no a priori is assumed. The former algorithms give promising results although are strongly limited by the uncertainties in the electromagnetic spectrum of the components which, as we indicated above, can be severe for some of them. The ICA algorithm has shown promising results for simplified non noisy mixtures but has not yet attained a sufficient grade of sophistication to account for instrumental noise and beam smoothing.



 



We propose an alternative method for the separation of components in multifrequency CMB data, based on the exploitation of the spectral diversity of the data. The maximisation of the likelihood is achieved with an Expectation-Maximization (EM) algorithm. Our method permits the simultaneous estimation of the spatial distribution of the components and of their electromagnetic continuum spectrum of emission. In section 2 we describe the basic model for noisy mixtures in the framework of the separation of CMB and foregrounds. In section 3 we present simulations of the HFI Planck observations which are used to test the separation algorithm. Section 4 describes in detail the EM algorithm applied to the separation of components. Section 5 summarizes the main results we obtain by applying the EM algorithm to our simulations.



MODELING CMB DATA AND FOREGROUNDS We classify the main relevant astrophysical components in the millimetre range in three kinds of components. The CMB anisotropy signal, cosmological in origin, has been



emitted in the very distant past as a relic radiation from times when the universe was fully ionised and before astrophysical objects as galaxies and clusters formed. Extragalactic foregrounds, less distant in origin, are due to emissions coming from outside our galaxy. Galactic components, finally, originate from our own galaxy, and are strongly peaked towards the galactic plane. The main emissions at millimeter wavelengths can be summarised as: 1. CMB anisotropies. 2. Extra-Galactic Foregrounds • Point sources (radio-galaxies, infrared galaxies, quasars). • The Sunyaev-Zeldovich (SZ) emission in clusters of galaxies. 3. Galactic Foregrounds • Dust emission: thermal emission from intragalactic cold dust grains. • Synchrotron emission: radiation from relativistic electrons in Galactic magnetic fields. • Free-Free (Bremsstrahlung) emission: radiation from free Galactic electrons. 



These components are known to have different spectral emission laws as a function of the observing frequency . Therefore, the separation of the various emissions can be achieved using multi-frequency observations, i.e. the observation of the sky at different wavelengths, with component separation techniques based on the diversity (and possibly the prior knowledge) of electromagnetic spectra of foregrounds and CMB, and also on the spatial statistical independence of the different components. For the CMB and SZ effect the electromagnetic spectrum is accurately known and can be included in the separation methods [11]. However, for the rest of the components we dispose, in the best of the cases, only of spectra extrapolated from distant frequencies [5]. The spatial spectrum of the components is not known although reasonably good extrapolations can be obtained from observed data at lower resolution [3].
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As a first step in discussing component separation techniques, we present the basic at position and model which can be used to describe the observed sky emission at frequency . In the millimeter and centimeter range of the electromagnetic spectrum, can be considered as a linear superposition of CMB radiation and foreground emissions convolved with the instrumental response of the detector, , which is here assumed to be symmetric for simplicity. We have :
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represents the number of independent foreground components considered, defines is the instrumental noise of the detector. the convolution operator and In the case of the CMB radiation the spatial and electromagnetic frequency dependence can be separated,



   !"9);:  " =  



FIGURE 1. Spatial template of the CMB, dust and SZ components used in the simulations presented in the text. For visibility the SZ template is displayed in log scale.
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FIGURE 2. Electromagnetic spectrum of the CMB, dust and SZ components used in the simulations presented in the text. These spectra fully define the missing matrix when the beam smoothing effects are neglected.
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The maximization of this log-likelihood will be made with a specific implementation of the Expectation Maximization (EM) algorithm introduced by Dempster-Laird-Rubin in [8]. The estimation of the source templates is done afterwards by inverting the linear system using a classical inversion method as done by Bouchet and Gispert in [3].
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The EM algorithm: formalism



"šd’› “D•$— 4~}�} €™˜



 ’ 























des documents recommandant







[image: alt]





BAYESIAN BLIND SOURCE SEPARATION FOR ... - Hichem Snoussi 

flip angle = 90 degrees) obtained consistently over a 3-min, 40-s period for a total of 220 scans. Our method is tested on two different slices where we expect,.










 


[image: alt]





Blind Component Separation in Wavelet Space: Application to 

`a trous transform and Âµ1,...,ÂµJ+1 the masks for the differ- ent scales determined from the original mask Âµ knowing the different filter lengths, wavelet covariances ...










 


[image: alt]





subspace method for blind separation of sources 

sensors than sources, the convolutive mixture can be itenti ed up to ... is a q{variate signal supposed to be the output ... If the scalar sequence is replaced by a p{variate .... B11 B12. B21 B22 ! = GUN(H). (6) where Bij is (Mi + N + 1) (Mj + N + 1










 


[image: alt]





Blind Separation For Instantaneous Mixture of 

2271-130, Anagahora, Shimoshidami, Moriyama-ku, Nagoya 463 (JAPAN) .... the minimum (zero) only when the output signals are uncorrelated with each other.










 


[image: alt]





Blind Separation For Instantaneous Mixture of 

... (in mobile-phone as. SDMA (Spatial Division Multiple Access) and free- ... 0-7803-6355-8/00/$10.00 c @ 2000 IEEE. 26 ... (2) here G stands for the Global matrix. It is widely known that in the context of blind separation of instantaneous ..... ic










 


[image: alt]





Fourth Order Criteria for Blind Sources Separation 

In this paper, in the case of instantaneous mixtures of 2 sources, we study ..... number of samples used to estimate the cross cumulant and the separation.










 


[image: alt]





Subspace Adaptive Algorithm For Blind Separation 

This algorithm can be decomposed into two steps: At first, the convolutive ... the instantaneous mixture algorithms are based on fourth-order statistics). .... Finally, the constraint (12) can be satis ed easily by a simple Cholesky ... density funct










 


[image: alt]





Bayesian inference methods for sources separation 

For example, the Generalized Gaussian (GG) with two particular cases of Gaussian ...... and F(q) is the free energy associated to q defined as. F(q) = ã€ˆ ln p(f,A,z,Î¸ ...










 


[image: alt]





Bayesian Microwave Breast Imaging 

Summary Introduction Forward problem Inversion Inversion Application and results Conclusions and .... Gauss-Markov mixture model (MGM): a high correlation.










 


[image: alt]





Bayesian inference methods for sources separation 

In this paper, we only consider the instantaneous mixing model: ... in two categories: i) Simple Non Gaussian models with heavy tails and ii) Mixture models .... A prior model inspired from Elastic Net regression literature [? ] is: ..... Now conside










 


[image: alt]





Bayesian inference methods for sources separation 

Feb 23, 2012 - ... inference methods for sources separation. Ali Mohammad-Djafari. Laboratoire des Signaux et Syst`emes,. UMR8506 CNRS-SUPELEC-UNIV ...










 


[image: alt]





Bayesian Blind Deconvolution 

Dec 9, 2014 - Forward model: 2D Convolution ... obtained from the elements of the impulse response h(t) or the Point Spread ... Forward model g = H f + Ç«.










 


[image: alt]





Blind multiuser separation of instantaneous 

Therefore, concepts of independent component analysis (ICA) [6] ..... hundred samples (in the case of uniform PDF, we obtained satisfactory results with 150 ...










 


[image: alt]





Bayesian sparse sources separation 

A. Mohammad-Djafari, iTWIST2012, May 09-11, 2012, CIRM, Marseilles, France, ..... Estimation of Structured Gaussian Mixtures: The Inverse EM Algorithm,â€�.










 


[image: alt]





Toeplitz Algebra for Cosmic Microwave Background data analysis 

Provide tools for Cosmic Microwave Background (CMB) data analysis. â–· High performance ;. â–· Massively parallel ;. â–· Portable ;. â–· Easy to use and flexible set ...










 


[image: alt]





from blind source separation to blind source cancellation ... - CiteSeerX 

21. (3). We also proposed a related solution for the underdetermined case by cancelling the influence of the .... a2. (15). This value gives the exact coefficient to cancel the contribu- .... obtained similar results on mixtures realised on a â€�stud










 


[image: alt]





An Adaptive Subspace Algorithm for Blind Separation of Independent 

and only if Acc is a full-rank matrix. As long as p










 


[image: alt]





A Time-Frequency Technique for Blind Separation and Localization of 

aration, time delays estimation and localization of several source signals propa- gating in an ... icy Office: IUAP P6/04 (DYSCO, â€œDynamical systems, control and optimizationâ€�, ... entries of the square matrix Y. We will also use a Matlab-type no










 


[image: alt]





Analytical performance analysis for blind quantum source separation 

Physics (QP). It uses ... The mm waves could be a good solution for the Internet of Things (IoT) ... systems, engineers and scientists are hoping a lot of outcomes.










 


[image: alt]





A Minimax Entropy Method for Blind Separation of Dependent 

gorithm which associates the Minimum Entropy solutions with the non-Gaussian sources (thermal dust and galactic ... r; 07.05.Pj; 87.57.Gg; 89.70.+c; 95.75.Mn.










 


[image: alt]





A Minimax Entropy Method for Blind Separation of Dependent 

others (see the book [8] for a complete review), which are usually known as .... 1), we use a non-parametric pdf estimation technique, namely the Parzen ...










 


[image: alt]





A Minimax Entropy Method for Blind Separation of Dependent 

gorithm which associates the Minimum Entropy solutions with the non-Gaussian sources (thermal dust and galactic ... r; 07.05.Pj; 87.57.Gg; 89.70.+c; 95.75.Mn.










 


[image: alt]





blind source separation using maximum entropy 

limited to some sorts of source families such as sub-gaussian and super-gaussian or some forms of source distribution models such as generalized gaussian ...










 


[image: alt]





Blind Source Separation: the Sparsity Revolution 

Jan 11, 2008 - set of solutions to the minimization problem minc câ„“0 s.t. x = cÎ¦ .... As statistical independence is verified by the pdf of the sources, ... seems natural that demixing leads to processes that deviate from ...... The third and four










 














×
Report Bayesian blind component separation for cosmic microwave





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



