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Preface

In many situations found both in Nature and in human-built systems, a set of mixed
signals is observed (frequently also with noise), and it is of great scientific and techno-
logical relevance to be able to isolate or separate them so that the information in each
of the signals can be utilized.

Blind source separation (BSS) research is one of the more interesting emerging
fields nowadays in the field of signal processing. It deals with the algorithms that allow
the recovery of the original sources from a set of mixtures only. The adjective “blind”
is applied because the purpose is to estimate the original sources without any a priori
knowledge about either the sources or the mixing system. Most of the models employed
in BSS assume the hypothesis about the independence of the original sources. Under
this hypothesis, a BSS problem can be considered as a particular case of independent
component analysis (ICA), a linear transformation technique that, starting from a mul-
tivariate representation of the data, minimizes the statistical dependence between the
components of the representation. It can be claimed that most of the advances in ICA
have been motivated by the search for solutions to the BSS problem and, the other way
around, advances in ICA have been immediately applied to BSS.

ICA and BSS algorithms start from a mixture model, whose parameters are es-
timated from the observed mixtures. Separation is achieved by applying the inverse
mixture model to the observed signals (separating or unmixing model). Mixture mod-
els usually fall into three broad categories: instantaneous linear models, convolutive
models and nonlinear models, the first one being the simplest but, in general, not near
realistic applications. The development and test of the algorithms can be accomplished
through synthetic data or with real-world data. Obviously, the most important aim (and
most difficult) is the separation of real-world mixtures. BSS and ICA have strong rela-
tions also, apart from signal processing, with other fields such as statistics and artificial
neural networks.

As long as we can find a system that emits signals propagated through a mean,
and those signals are received by a set of sensors and there is an interest in recovering
the original sources, we have a potential field of application for BSS and ICA. Inside
that wide range of applications we can find, for instance: noise reduction applications,
biomedical applications, audio systems, telecommunications, and many others.

This volume comes out just 20 years after the first contributions in ICA and BSS
appeared1. Thereinafter, the number of research groups working in ICA and BSS has
been constantly growing, so that nowadays we can estimate that far more than 100
groups are researching in these fields.

As proof of the recognition among the scientific community of ICA and BSS devel-
opments there have been numerous special sessions and special issues in several well-

1 J. Herault, B. Ans, “Circuits neuronaux à synapses modifiables: décodage de messages com-
posites para apprentissage non supervise”, C.R. de l’Académie des Sciences, vol. 299, no.
III-13, pp. 525–528, 1984.
Independently, two years before, although without the scientific impact of the previous refer-
ence, the following contribution was published:
J.W. Barness, Y. Carlin, and M.L. Steinberger, “Bootstrapping adaptive interference cancelers:
some practical limitations”, Proc. of the Globecom Conference, pp. 1251–1255, 1982.



VI Preface

known conferences and journals, such as GRETSI, NOLTA, ISCAS, EUSIPCO, NIPS,
ESANN, IWANN, etc. An important landmark in the development of ICA was the orga-
nization of the first conference dedicated to ICA and BSS: the 1st International Work-
shop on Blind Source Separation and Independent Component Analysis (ICA 1999),
which occurred in Aussois (France) in 1999. This workshop has been taking place since
then about every 18 months, in Helsinki, Finland (ICA 2000), San Diego, California,
USA (ICA 2001), and Nara, Japan (ICA 2003).

This volume of Lecture Notes in Computer Science encompasses the contributions
to ICA 2004 which was held in Granada (Spain), presenting new ideas and challenges
for ICA and BSS. This volume is composed of 156 contributions, selected after a peer-
review process from 203 original contributions. The manuscripts were organized into
the following eight sections:

1. Theory and fundamentals
2. Linear models
3. Convolutive models
4. Nonlinear models
5. Speech processing applications
6. Image processing applications
7. Biomedical applications
8. Other applications

We would like to thank all members of the International Advisory and Program
Committees, who evaluated many contributions in a short time schedule. Other volun-
teers participated in the reviewing process, to whom we express our gratitude.

We are also very grateful to the University of Granada, the MEC (Ministerio de
Educación y Cultura), Consejería de Universidades of the Andalusian Regional Gov-
ernment, and the Spanish CICYT (Comisión Interministerial de Ciencia y Tecnología)
for their generous help.

The editors would like to thank Springer-Verlag, in particular Mr. Alfred Hofmann,
for their collaboration and attention.

Finally, many thanks to all the authors who submitted their contributions and who
made this volume possible.

September 2004 Alberto Prieto and Carlos G. Puntonet



ICA 2004 Committee Listings

Local Organizing Committee

General Chairman

Carlos G. Puntonet, University of Granada, Spain

Organizing Chairman

Alberto Prieto Espinosa, University of Granada, Spain

Members

Julio Ortega Lopera, University of Granada, Spain
Francisco Pelayo Valle, University of Granada, Spain
Manuel Rodriguez Álvarez, University of Granada, Spain
Fernando Rojas Ruiz, University of Granada, Spain
Ignacio Rojas Ruiz, University of Granada, Spain
Moisés Salmeron Campos, University of Granada, Spain

Web Administrator

Francisco M. Illeras García, University of Granada, Spain

International Program Committee

Members

Aapo Hyvarinen, Helsinki University of Technology, Finland
Adel Belouchrani, National Technical School, Algeria
Adriana Dapena, University of La Coruña, Spain
Ali Mansour, IEEE, France
Allan K. Barros, UFMA, Brazil
Ana María Tomé, University of Aveiro, Portugal
Antonio Rubio Ayuso, University of Granada, Spain
Arie Yeredor, Tel Aviv University, Israel
Asoke K. Nandi, University of Liverpool, UK
Deniz Erdogmus, University of Florida, USA
Diego Ruiz Padillo, University of Granada, Spain
Dinh-Tuam Pham, LMC, France
Elmar Lang, University of Regensburg, Germany
Enric Monte, Polytechnic University of Catalunya, Spain
Eric Moreau, Université de Toulon et du Var, France
Fabian Theis, University of Regensburg, Germany
Francisco J. González Serrano, Carlos III University, Spain



VIII ICA 2004 Committee Listings

Harri Valpola, Helsinki University of Technology, Finland
Jagath C. Rajapakse, Nanyang Technological University, Singapore
Jean-Francois Cardoso, CNRS/LTCI, France
Jean M. Vesin, Federal Institute of Technology, Lausanne, Switzerland
Jonathon Chambers, Cardiff University, UK
Jordi Solé, University of Vic, Spain
Jorge Igual, University of Valencia, Spain
Jose Principe, University of Florida, Gainesville, USA
Juan Manuel Górriz Sáez, University of Cadiz, Spain
Juan José Murillo, University of Seville, Spain
Juha Karhunen, Helsinki University of Technology, Finland
Justinian Rosca, Siemens, USA
Kari Torkkola, Motorola Labs, USA
Kiyotoshi Matsuoka, Kyushu Institute of Technology, Japan
Klaus Obermayer, Technical University of Berlin, Germany
Konstantinos I. Diamantaras, TEI, Thessaloniki, Greece
Lieven De Lathauwer, CNRS Cergy-Pontoise, France
Lucas Parra, City College of New York, USA
Maria del Carmen Carrión, University of Granada, Spain
Mark Girolami, University of Glasgow, UK
Masashi Ohata, RIKEN, BMC Research Center, Japan
Michael Zibulevsky, Technion – Israel Institute of Technology, Israel
Miguel Ángel Lagunas, Technical University of Catalunya, Spain
Mitsuru Kawamoto, Shimane University, Japan
Noboru Ohnishi, Nagoya University, Japan
Pedro Gómez Vilda, Technical University of Madrid, Spain
Philippe Loubaton, University of Marne la Vallée, France
Pierre Comon, Université de Nice, France
Ricardo Vigário, Helsinki University of Technology, Finland
Rubén Martín Clemente, University of Seville, Spain
Santiago Zazo, Technical University of Madrid, Spain
Scott Makeig, University of California, San Diego, USA
Sergio Cruces, University of Seville, Spain
Simone Fiori, University of Perugia, Italy
Soo Young Lee, Advanced Institute of Science and Technology, Korea
Susana Hornillo, University of Seville, Spain
Tom Heskes, Neurocomputing
Tony Bell, Salk Institute of San Diego, USA
Toshihisa Tanaka, RIKEN BSI, Japan
Vincent Vigneron, University of Paris, France
Vicente Zarzoso, University of Liverpool, UK
Visa Koivunen, Helsinki University of Technology, Finland
Yannick Deville, Paul Sabatier University, France
Yolanda Blanco Archilla, European University of Madrid, Spain
Yujiro Inouye, Shimane University, Japan
Yuanqing Li, RIKEN BSI, Japan



ICA 2004 Committee Listings IX

International Advisory Committee

Members

Shun-Ichi Amari, RIKEN BSI, Japan
Christian Jutten, INPG, France
Andrew Cichocki, RIKEN BSI, Japan
Erkki Oja, Helsinki University of Technology, Finland
Simon Haykin, McMaster University, Canada
Kart Muller, Frauenhofer FIRST, Germany
Liqing Zhang, Shangai Jiatong University, China
Noboru Murata, Waseda University, Japan
Scout Douglas, Southern Methodist University, USA
Shoji Makino, NTT CS Labs, Japan
Te-Won Lee, UCSD, USA
Carlos G. Puntonet, University of Granada, Spain



Table of Contents

Theory and Fundamentals

A FastICA Algorithm for Non-negative Independent Component Analysis . . . . . . 1
Zhijian Yuan and Erkki Oja

Blind Source Separation by Adaptive Estimation
of Score Function Difference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Samareh Samadi, Massoud Babaie-Zadeh, Christian Jutten,
and Kambiz Nayebi

Exploiting Spatiotemporal Information
for Blind Atrial Activity Extraction in Atrial Arrhythmias . . . . . . . . . . . . . . . . . . . 18

Francisco Castells, Jorge Igual, Vicente Zarzoso, José Joaquín Rieta,
and José Millet

Gaussianizing Transformations for ICA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Deniz Erdogmus, Yadunandana N. Rao, and José Carlos Príncipe

New Eigensystem-Based Method for Blind Source Separation . . . . . . . . . . . . . . . . 33
Rubén Martín-Clemente, Susana Hornillo-Mellado, Carlos G. Puntonet,
and José I. Acha

Optimization Issues in Noisy Gaussian ICA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Jean-François Cardoso and Dinh-Tuan Pham

Optimization Using Fourier Expansion over a Geodesic for Non-negative ICA . . . 49
Mark D. Plumbley

The Minimum Support Criterion for Blind Signal Extraction:
A Limiting Case of the Strengthened Young’s Inequality . . . . . . . . . . . . . . . . . . . . 57

Sergio Cruces and Iván Durán

Accurate, Fast and Stable Denoising Source Separation Algorithms . . . . . . . . . . . . 65
Harri Valpola and Jaakko Särelä

An Overview of BSS Techniques Based on Order Statistics:
Formulation and Implementation Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Yolanda Blanco and Santiago Zazo

Analytical Solution of the Blind Source Separation Problem Using Derivatives . . . 81
Sebastien Lagrange, Luc Jaulin, Vincent Vigneron, and Christian Jutten

Approximate Joint Diagonalization Using a Natural Gradient Approach . . . . . . . . 89
Arie Yeredor, Andreas Ziehe, and Klaus-Robert Müller



XII Table of Contents

BSS, Classification and Pixel Demixing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Albert Bijaoui, Danielle Nuzillard, and Tanusree Deb Barma

Blind Identification of Complex Under-Determined Mixtures . . . . . . . . . . . . . . . . . 105
Pierre Comon and Myriam Rajih

Blind Separation of Heavy-Tailed Signals Using Normalized Statistics . . . . . . . . . 113
Mohamed Sahmoudi, Karim Abed-Meraim, and Messaoud Benidir

Blind Source Separation of Linear Mixtures with Singular Matrices . . . . . . . . . . . . 121
Pando Georgiev and Fabian J. Theis

Closely Arranged Directional Microphone for Source Separation . . . . . . . . . . . . . . 129
Yusuke Katayama, Masanori Ito, Allan Kardec Barros, Yoshinori Takeuchi,
Tetsuya Matsumoto, Hiroaki Kudo, Noboru Ohnishi, and Toshiharu Mukai

Estimating Functions for Blind Separation
when Sources Have Variance-Dependencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

Motoaki Kawanabe and Klaus-Robert Müller

Framework of Constrained Matrix Gradient Flows . . . . . . . . . . . . . . . . . . . . . . . . . 144
Gen Hori

Identifiability, Subspace Selection and Noisy ICA . . . . . . . . . . . . . . . . . . . . . . . . . . 152
Mike Davies

Improving GRNNs in CAD Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
Fulgencio S. Buendía Buendía, J. Miguel Barrón-Adame,
Antonio Vega-Corona, and Diego Andina

Fisher Information in Source Separation Problems . . . . . . . . . . . . . . . . . . . . . . . . . 168
Vincent Vigneron and Christian Jutten

Localization of P300 Sources in Schizophrenia Patients Using Constrained BSS . . 177
Saeid Sanei, Loukianos Spyrou, Wenwu Wang, and Jonathon A. Chambers

On the Estimation of the Mixing Matrix for Underdetermined Blind Source
Separation in an Arbitrary Number of Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . 185

Luis Vielva, Ignacio Santamaría, Jesús Ibáñez, Deniz Erdogmus,
and José Carlos Príncipe

On the Minimum �1-Norm Signal Recovery
in Underdetermined Source Separation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

Ichigaku Takigawa, Mineichi Kudo, Atsuyoshi Nakamura, and Jun Toyama

On the Strong Uniqueness of Highly Sparse Representations
from Redundant Dictionaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

Rémi Gribonval and Morten Nielsen



Table of Contents XIII

Reliability of ICA Estimates with Mutual Information . . . . . . . . . . . . . . . . . . . . . . 209
Harald Stögbauer, Ralph G. Andrzejak, Alexander Kraskov,
and Peter Grassberger

Robust ICA for Super-Gaussian Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
Frank C. Meinecke, Stefan Harmeling, and Klaus-Robert Müller

Robustness of Prewhitening Against Heavy-Tailed Sources . . . . . . . . . . . . . . . . . . 225
Aiyou Chen and Peter J. Bickel

Simultaneous Extraction of Signal Using Algorithms
Based on the Nonstationarity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233

Juan Charneco Fernández

Space-Time Variant Blind Source Separation with Additive Noise . . . . . . . . . . . . . 240
Ivica Kopriva and Harold Szu

The Use of ICA in Speckle Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
D. Blanco, B. Mulgrew, S. McLaughlin, D.P. Ruiz, and M.C. Carrion

Theoretical Method for Solving BSS-ICA Using SVM . . . . . . . . . . . . . . . . . . . . . . 256
Carlos G. Puntonet, Juan Manuel Górriz, Moisés Salmerón,
and Susana Hornillo-Mellado

Wavelet De-noising for Blind Source Separation in Noisy Mixtures . . . . . . . . . . . . 263
Bertrand Rivet, Vincent Vigneron, Anisoara Paraschiv-Ionescu,
and Christian Jutten

Linear Mixture Models

A Gaussian Mixture Based Maximization of Mutual Information
for Supervised Feature Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

José M. Leiva-Murillo and Antonio Artés-Rodríguez

Blind Separation of Nonstationary Sources by Spectral Decorrelation . . . . . . . . . . 279
Shahram Hosseini and Yannick Deville

Delayed AMUSE – A Tool for Blind Source Separation and Denoising . . . . . . . . . 287
Ana R. Teixeira, Ana Maria Tomé, Elmar W. Lang, and Kurt Stadlthanner

Dimensionality Reduction in ICA and Rank-(R1, R2, . . . , RN ) Reduction
in Multilinear Algebra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

Lieven De Lathauwer and Joos Vandewalle

Linear Multilayer Independent Component Analysis
Using Stochastic Gradient Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303

Yoshitatsu Matsuda and Kazunori Yamaguchi



XIV Table of Contents

Minimax Mutual Information Approach for ICA
of Complex-Valued Linear Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311

Jian-Wu Xu, Deniz Erdogmus, Yadunandana N. Rao, and José Carlos Príncipe

Signal Reconstruction in Sensor Arrays
Using Temporal-Spatial Sparsity Regularization . . . . . . . . . . . . . . . . . . . . . . . . . . . 319

Dmitri Model and Michael Zibulevsky

Underdetermined Source Separation with Structured Source Priors . . . . . . . . . . . . 327
Emmanuel Vincent and Xavier Rodet

A Grassmann-Rayleigh Quotient Iteration for Dimensionality Reduction in ICA . 335
Lieven De Lathauwer, Luc Hoegaerts, and Joos Vandewalle

An Approach of Moment-Based Algorithm for Noisy ICA Models . . . . . . . . . . . . 343
Daisuke Ito and Noboru Murata

Geometrical ICA-Based Method for Blind Separation
of Super-Gaussian Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350

Manuel Rodríguez-Álvarez, Fernando Rojas Ruiz,
Rubén Martín-Clemente, Ignacio Rojas Ruiz, and Carlos G. Puntonet

A Novel Method to Recover N Sources from N-1 Observations
and Its Application to Digital Communications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 358

Adriana Dapena

A Sufficient Condition for Separation of Deterministic Signals
Based on Spatial Time-Frequency Representations . . . . . . . . . . . . . . . . . . . . . . . . . 366

Nadège Thirion-Moreau, El Mostafa Fadaili, and Eric Moreau

Adaptive Robust Super-exponential Algorithms
for Deflationary Blind Equalization of Instantaneous Mixtures . . . . . . . . . . . . . . . . 374

Masanori Ito, Masashi Ohata, Mitsuru Kawamoto, Toshiharu Mukai,
Yujiro Inouye, and Noboru Ohnishi

Application of Gaussian Mixture Models for Blind Separation
of Independent Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382

Koby Todros and Joseph Tabrikian

Asymptotically Optimal Blind Separation of Parametric Gaussian Sources . . . . . . 390
Eran Doron and Arie Yeredor

Bayesian Approach for Blind Separation of Underdetermined Mixtures
of Sparse Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398

Cédric Févotte, Simon J. Godsill, and Patrick J. Wolfe

Blind Source Separation
Using the Block-Coordinate Relative Newton Method . . . . . . . . . . . . . . . . . . . . . . 406

Alexander M. Bronstein, Michael M. Bronstein, and Michael Zibulevsky



Table of Contents XV

Hybridizing Genetic Algorithms with ICA in Higher Dimension . . . . . . . . . . . . . . 414
Juan Manuel Górriz, Carlos G. Puntonet, Moisés Salmerón,
and Fernando Rojas Ruiz

ICA Using Kernel Entropy Estimation with NlogN Complexity . . . . . . . . . . . . . . 422
Sarit Shwartz, Michael Zibulevsky, and Yoav Y. Schechner

Soft-LOST: EM on a Mixture of Oriented Lines . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
Paul D. O’Grady and Barak A. Pearlmutter

Some Gradient Based Joint Diagonalization Methods for ICA . . . . . . . . . . . . . . . . 437
Bijan Afsari and Perinkulam S. Krishnaprasad

Underdetermined Independent Component Analysis by Data Generation . . . . . . . . 445
Sang Gyun Kim and Chang D. Yoo

Convolutive Models

Batch Mutually Referenced Separation Algorithm
for MIMO Convolutive Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453

Ali Mansour

Frequency Domain Blind Source Separation for Many Speech Signals . . . . . . . . . 461
Ryo Mukai, Hiroshi Sawada, Shoko Araki, and Shoji Makino

ICA Model Applied to Multichannel Non-destructive Evaluation
by Impact-Echo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470

Addisson Salazar, Luis Vergara, Jorge Igual, Jorge Gosálbez,
and Ramón Miralles

Monaural Source Separation Using Spectral Cues . . . . . . . . . . . . . . . . . . . . . . . . . . 478
Barak A. Pearlmutter and Anthony M. Zador

Multichannel Speech Separation Using Adaptive Parameterization
of Source PDFs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486

Kostas Kokkinakis and Asoke K. Nandi

Non-negative Matrix Factor Deconvolution;
Extraction of Multiple Sound Sources from Monophonic Inputs . . . . . . . . . . . . . . . 494

Paris Smaragdis

Optimal Sparse Representations for Blind Deconvolution of Images . . . . . . . . . . . 500
Alexander M. Bronstein, Michael M. Bronstein,
Michael Zibulevsky, and Yehoshua Y. Zeevi

Separation of Convolutive Mixtures of Cyclostationary Sources:
A Contrast Function Based Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508

Pierre Jallon, Antoine Chevreuil, Philippe Loubaton, and Pascal Chevalier



XVI Table of Contents

A Continuous Time Balanced Parametrization Approach
to Multichannel Blind Deconvolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516

Liang Suo Ma and Ah Chung Tsoi

A Frequency-Domain Normalized Multichannel Blind Deconvolution
Algorithm for Acoustical Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 524

Seung H. Nam and Seungkwon Beack

A Novel Hybrid Approach to the Permutation Problem
of Frequency Domain Blind Source Separation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 532

Wenwu Wang, Jonathon A. Chambers, and Saeid Sanei

Application of Geometric Dependency Analysis to the Separation
of Convolved Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540

Samer Abdallah and Mark D. Plumbley

Blind Deconvolution of SISO Systems with Binary Source
Based on Recursive Channel Shortening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 548

Konstantinos I. Diamantaras and Theophilos Papadimitriou

Blind Deconvolution Using the Relative Newton Method . . . . . . . . . . . . . . . . . . . . 554
Alexander M. Bronstein, Michael M. Bronstein, and Michael Zibulevsky

Blind Equalization Using Direct Channel Estimation . . . . . . . . . . . . . . . . . . . . . . . 562
Hyung-Min Park, Sang-Hoon Oh, and Soo-Young Lee

Blind MIMO Identification Using the Second Characteristic Function . . . . . . . . . . 570
Eran Eidinger and Arie Yeredor

Blind Signal Separation of Convolutive Mixtures:
A Time-Domain Joint-Diagonalization Approach . . . . . . . . . . . . . . . . . . . . . . . . . . 578

Marcel Joho

Characterization of the Sources in Convolutive Mixtures:
A Cumulant-Based Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 586

Susana Hornillo-Mellado, Carlos G. Puntonet, Rubén Martín-Clemente,
Manuel Rodríguez-Álvarez, and Juan Manuel Górriz

CICAAR: Convolutive ICA with an Auto-regressive Inverse Model . . . . . . . . . . . . 594
Mads Dyrholm and Lars Kai Hansen

Detection by SNR Maximization:
Application to the Blind Source Separation Problem . . . . . . . . . . . . . . . . . . . . . . . . 602

Bernard Xerri and Bruno Borloz

Estimating the Number of Sources
for Frequency-Domain Blind Source Separation . . . . . . . . . . . . . . . . . . . . . . . . . . . 610

Hiroshi Sawada, Stefan Winter, Ryo Mukai, Shoko Araki, and Shoji Makino



Table of Contents XVII

Estimating the Number of Sources in a Noisy Convolutive Mixture Using BIC . . . 618
Rasmus Kongsgaard Olsson and Lars Kai Hansen

Evaluation of Multistage SIMO-Model-Based Blind Source Separation
Combining Frequency-Domain ICA and Time-Domain ICA . . . . . . . . . . . . . . . . . 626

Satoshi Ukai, Hiroshi Saruwatari, Tomoya Takatani, Kiyohiro Shikano,
Ryo Mukai, and Hiroshi Sawada

On Coefficient Delay in Natural Gradient Blind Deconvolution
and Source Separation Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 634

Scott C. Douglas, Hiroshi Sawada, and Shoji Makino

On the FIR Inversion of an Acoustical Convolutive Mixing System:
Properties and Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 643

Markus Hofbauer

Overcomplete BSS for Convolutive Mixtures Based on Hierarchical Clustering . . 652
Stefan Winter, Hiroshi Sawada, Shoko Araki, and Shoji Makino

Penalty Function Approach
for Constrained Convolutive Blind Source Separation . . . . . . . . . . . . . . . . . . . . . . . 661

Wenwu Wang, Jonathon A. Chambers, and Saeid Sanei

Permutation Alignment for Frequency Domain ICA
Using Subspace Beamforming Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 669

Nikolaos Mitianoudis and Mike Davies

QML Blind Deconvolution: Asymptotic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 677
Alexander M. Bronstein, Michael M. Bronstein, Michael Zibulevsky,
and Yehoshua Y. Zeevi

Super-exponential Methods Incorporated with Higher-Order Correlations
for Deflationary Blind Equalization of MIMO Linear Systems . . . . . . . . . . . . . . . . 685

Kiyotaka Kohno, Yujiro Inouye, and Mitsuru Kawamoto

Nonlinear ICA and BSS

Blind Maximum Likelihood Separation of a Linear-Quadratic Mixture . . . . . . . . . 694
Shahram Hosseini and Yannick Deville

Markovian Source Separation in Post-nonlinear Mixtures . . . . . . . . . . . . . . . . . . . . 702
Anthony Larue, Christian Jutten, and Shahram Hosseini

Non-linear ICA by Using Isometric Dimensionality Reduction . . . . . . . . . . . . . . . . 710
John A. Lee, Christian Jutten, and Michel Verleysen

Postnonlinear Overcomplete Blind Source Separation Using Sparse Sources . . . . . 718
Fabian J. Theis and Shun-ichi Amari



XVIII Table of Contents

Second-Order Blind Source Separation
Based on Multi-dimensional Autocovariances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 726

Fabian J. Theis, Anke Meyer-Bäse, and Elmar W. Lang

Separating a Real-Life Nonlinear Mixture of Images . . . . . . . . . . . . . . . . . . . . . . . . 734
Luís B. Almeida and Miguel Faria

Independent Slow Feature Analysis and Nonlinear Blind Source Separation . . . . . 742
Tobias Blaschke and Laurenz Wiskott

Nonlinear PCA/ICA for the Structure from Motion Problem . . . . . . . . . . . . . . . . . 750
Jun Fujiki, Shotaro Akaho, and Noboru Murata

Plugging an Histogram-Based Contrast Function on a Genetic Algorithm
for Solving PostNonLinear-BSS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 758

Fernando Rojas Ruiz, Carlos G. Puntonet, Ignacio Rojas Ruiz,
Manuel Rodríguez-Álvarez, and Juan Manuel Górriz

Post-nonlinear Independent Component Analysis
by Variational Bayesian Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 766

Alexander Ilin and Antti Honkela

Temporal Decorrelation as Preprocessing for Linear and Post-nonlinear ICA . . . . 774
Juha Karvanen and Toshihisa Tanaka

Tree-Dependent and Topographic Independent Component Analysis
for fMRI Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 782

Anke Meyer-Bäse, Fabian J. Theis, Oliver Lange, and Carlos G. Puntonet

Using Kernel PCA for Initialisation
of Variational Bayesian Nonlinear Blind Source Separation Method . . . . . . . . . . . 790

Antti Honkela, Stefan Harmeling, Leo Lundqvist, and Harri Valpola

Speech Processing Applications

A Geometric Approach for Separating Several Speech Signals . . . . . . . . . . . . . . . . 798
Massoud Babaie-Zadeh, Ali Mansour, Christian Jutten, and Farrokh Marvasti

A Novel Method for Permutation Correction in Frequency-Domain
in Blind Separation of Speech Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 807

Christine Serviere and Dinh-Tuan Pham

Convolutive Acoustic Mixtures Approximation to an Instantaneous Model
Using a Stereo Boundary Microphone Configuration . . . . . . . . . . . . . . . . . . . . . . . 816

Juan Manuel Sanchis, Francisco Castells, and José Joaquín Rieta

DOA Detection from HOS by FOD Beamforming and Joint-Process Estimation . . 824
Pedro Gómez Vilda, R. Martínez, Agustín Álvarez Marquina,
Victor Nieto Lluis, María Victoria Rodellar Biarge, F. Díaz, and F. Rodríguez



Table of Contents XIX

Nonlinear Postprocessing for Blind Speech Separation . . . . . . . . . . . . . . . . . . . . . . 832
Dorothea Kolossa and Reinhold Orglmeister

Real-Time Convolutive Blind Source Separation
Based on a Broadband Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 840

Robert Aichner, Herbert Buchner, Fei Yan, and Walter Kellermann

A New Approach to the Permutation Problem
in Frequency Domain Blind Source Separation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 849

Koutaro Kamata, Xuebin Hu, and Hidefumi Kobatake

Adaptive Cross-Channel Interference Cancellation
on Blind Source Separation Outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 857

Changkyu Choi, Gil-Jin Jang, Yongbeom Lee, and Sang Ryong Kim

Application of the Mutual Information Minimization
to Speaker Recognition / Verification Improvement . . . . . . . . . . . . . . . . . . . . . . . . . 865

Jordi Solé-Casals and Marcos Faúndez-Zanuy

Single Channel Speech Enhancement:
MAP Estimation Using GGD Prior Under Blind Setup . . . . . . . . . . . . . . . . . . . . . . 873

Rajkishore Prasad, Hiroshi Saruwatari, and Kiyohiro Shikano

Stable and Low-Distortion Algorithm Based on Overdetermined
Blind Separation for Convolutive Mixtures of Speech . . . . . . . . . . . . . . . . . . . . . . . 881

Tsuyoki Nishikawa, Hiroshi Saruwatari, Kiyohiro Shikano,
and Atsunobu Kaminuma

Two Channel, Block Adaptive Audio Separation
Using the Cross Correlation of Time Frequency Information . . . . . . . . . . . . . . . . . 889

Daniel Smith, Jason Lukasiak, and Ian Burnett

Underdetermined Blind Separation of Convolutive Mixtures
of Speech with Directivity Pattern Based Mask and ICA . . . . . . . . . . . . . . . . . . . . 898

Shoko Araki, Shoji Makino, Hiroshi Sawada, and Ryo Mukai

Image Processing Applications

A Digital Watermarking Technique Based on ICA Image Features . . . . . . . . . . . . . 906
Wei Lu, Jian Zhang, Xiaobing Sun, and Kanzo Okada

A Model for Analyzing Dependencies Between Two ICA Features
in Natural Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 914

Mika Inki

An Iterative Blind Source Separation Method for Convolutive Mixtures
of Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 922

Marc Castella and Jean-Christophe Pesquet



XX Table of Contents

Astrophysical Source Separation Using Particle Filters . . . . . . . . . . . . . . . . . . . . . . 930
Mauro Costagli, Ercan E. Kuruoğlu, and Alijah Ahmed
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