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Preface

In signal processing, a generic problem consists in separating a useful signal from noise
and interferences. Classical approaches of the twentieth century are based on a priori
hypotheses, leading to parameterized probabilistic models. Blind Source Separation (BSS)
attempts to reduce these assumptions to the weakest possible.
As shown in this handbook, there are various approaches to the BSS problem, depending
on the weak a priori hypotheses one assumes. The latter include either statistical
independence of source signals or their sparsity, among others.
In order to prepare this book, among the best worldwide specialists have been contacted
to contribute (cf. page xxiii). One of them, Serge Degerine, has passed away unexpectedly Q1

during the writing of Chapter 7. We would like to dedicate this book to his memory.
This handbook is an extension of another book which appeared in 2007 in French, and
published by Hermes. The present version contains more chapters and many additions,
provided by contributors with international recognition. It is organized into 19 chapters,
covering all the current theoretical approaches, especially Independent Component
Analysis, and applications. Although these chapters can be read almost independently,
they share the same notations and the same subject index. Moreover, numerous cross-
references link the chapters to each other.

Pierre Comon and Christian Jutten
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Glossary

x vector of components xp , 1≤ p ≤ P

s , x, y sources, observations, separator outputs

N number of sources

P number of sensors

T number of observed samples

? convolution

A matrix with components Ai j

A, B mixing and separation matrices

G, W, Q global, whitening, and separating unitary matrices

ǧ Fourier transform of g

bs estimate of quantity s

px probability density of x

ψ joint score function

ϕi marginal score function of source si

Φ first characteristic function

Ψ second characteristic function

Ex, E{x} mathematical expectation of x

I {y} or I (py) mutual information of y

K{x;y} or K(px; py) Kullback divergence between px and py

H{x} or H (px) Shannon entropy x

L likelihood

A ,B mixing, and separating (nonlinear) operators

cum{x1, . . . , xP } joint cumulant of variables {x1, . . . , xP }

cumR{y} marginal cumulant of order R of variable y
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822 Glossary

QT transposition

QH conjugate transposition

Q∗ complex conjugation

Q† pseudo-inverse

Υ contrast function

R real field

C complex field

bA estimator of mixing matrix

diagA vector whose components are the diagonal of matrix A

Diaga diagonal matrix whose entries are those of vector a

traceA trace of matrix A

det A determinant of matrix A

meana arithmetic average of component of vector a

š (ν) Fourier transform of process s (t )

⊗ Kronecker product between matrices

⊗ tensor product

• j contraction over index j

krank{A} Kruskal’s k-rank of matrix A
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application, 639
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blind deconvolution, 593, 599
blind equalization, 593
blind identification, 65
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blind techniques, 1
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Canonical Decomposition (CanDecomp), 162,

338
canonical factorization, 530
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channel coding, 630
channel equalization, 599
channel state information at the transmitter, 631
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estimated, 27
second, 329

chemical sensors, 582
Cholesky factorization, 399
circular, 275, 702
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co-channel interference (CCI), 593
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colored sources, 643
COM1, 174, 738
COM2, 165, 738
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conic programming, 383
constant modulus (CM), 67
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for signal extraction, 184
InfoMax, 181
marginal entropy, 182
maximum likelihood, 86, 181
mutual information, 81, 182
nonlinear approximations, 185
orthogonal, 183, 208

convergence
global, 184, 205, 213

convolutive, 281
NMF model, 526
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core equation, 329
correlated sources, 102
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cortical tissue imaging, 670
CP-degeneracy, 345
CPM modulations, 703
CPNL, 560
Cramér-Rao bound, 127, 133, 241
CRLB, 241
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cross-terms, 428
cumulant, 157, 333, 738
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complex, 360
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matching, 90
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delay spread, 684
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partial, 98
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complete, 372
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induced by discrete alphabets, 102
DOA, 791
doubly normalized filters, 94
Dugué, 326
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ECG, 746
echoes, 781
EEG, 740
eigenvalue decomposition (EVD), 192
EJD, 245
electro-encephalography (EEG), 740
electrocardiogram analysis, 746
electromagnetic source, 648
electromyogram (EMG), 758
embedded pilots, 631
EMG, 758
EML, 260
empirical quantile function, 29
energetic, 428
enhanced line search (ELS), 360
entropy, 24
entropy rate, 45
equalizer

MIMO, 96
equivariance, 109, 239, 240
essential uniqueness, 340
estimated characteristic function, 27
estimating equations, 60, 115, 263
estimation

equivariant, 200
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exact ML (EML), 260
excess bandwidth, 598
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extraction, 66, 308

atrial activity, 748
fetal ECG, 748

extractor
MISO, 72

extrema
local, 619, 632

F
FastICA, 663, 737
fetal ECG extraction, 672, 748
filter

spatial, 186
filtered Markov process, 47, 52
FIM, 241
finite alphabet, 630
finite impulse response (FIR), 93, 597, 598
Fisher information, 125, 137
floating point operation (flop), 615
fMRI, 647, 672, 739, 757
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FOOBI, 356
forward model, 467, 470, 471
frequency offset, 691
function brain imaging, 739

G
gamma distribution, 482
gas sensors, 582
Gaussian distribution, 557, 559, 560, 566, 569,

576, 578, 580
Gaussian entropy rate, 46
Gaussian MI (GMI), 261
Gaussian mutual information, 787
Gaussian mutual information rate, 50
Gaussian source, 643
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global filter, 69, 73, 79, 237
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classical, 187
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Gram-Schmidt orthogonalization, 207
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zero-diagonalization, 441
zero-diagonalizer, 444
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Lagrange multiplier, 188
Lagrangian, 188
least squares (LS), 595
leptokurtic, 334
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MA, 228
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MI, see mutual information, 261
MIMO, 1, 67
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morphological diversity, 412
motion decoding, 3
MSE, 241
MSF, 573
multi-input multi-output (MIMO), 593–595
multi-layer NMF, 528
multi-layer perceptron, 555, 580
multi-linearity property, 335
multipath, 709
multiplicative nonlinear model, 563
multiplicative update, 518
multivariate cumulant, 335
multivariate moment, 335
music, 783, 803
mutual information, 24, 81, 83, 119, 182, 183,

197, 261, 550, 570, 573, 574, 579, 580,
585, 787

differential of, 573, 574
direct minimization of, 573
Gaussian, 787
link with likelihood, 86, 118
rate, 46

N
natural gradient, 397, 737
negentropy, 82, 182, 737

cumulant approximation, 184
neural network

feed-forward architecture, 194
feedback architecture, 193
self-normalized, 194

Newton method, 398
NFA, 575, 576, 579, 586
NIFA, 579
NMF, 515, 642, 665
NMFD, 527
NNICA, 525
noise, 14
noise removal, 326, 748

non-circular, 337
non-Gaussianity, 132, 642
non-minimum phase, 596, 621
non-negative ICA, 515
non-negative ICA (NNICA), 525
non-negative matrix factor deconvolution

(NMFD), 527
non-negative matrix factorization (NMF), 515,

642
non-negative tensor factorization, 529
non-stationarity, 482
non-stationary source, 643
nonlinear

ICA, 550
model, 11, 549, 554
process, 95, 289

nonlinear factor analysis (NFA), 575
nonlinear model

structural constraints, 554
bilinear, 583
multiplicative, 563

nonlinearity
adaptation, 203
cubic, 208
implicit adaptation in FastICA, 209
optimal, 202
tanh, 208

normalization, 423
nuisance parameters, 260
numerical complexity, 758, 760

O
optimal step size, 612
optimal Wiener filtering, 595
optimization

constrained, 188, 209
global, 196, 217, 612–614
gradient method, 187
Newton method, 188

oracle performance, 785
order statistics, 29
ordinary differential equation (ODE) method,

189
outer product, 155, 338
over-determined, 78, 108
overfitting, 645

P
PAJOD, 98
para-unitary, 92, 94, 293
ParaFac, 530
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parallel factor decomposition (ParaFac), 162, 338
parcor, 266
partial autocovariance, 257
partial correlation, 266
partial diagonalization, 98
partition of unity, 30
PCA, 8, 526, 534, 662, 671
pdf, 229
performance, 115, 763
performance criterion, 764
performance evaluation, 676
permutation factor, 233
permutation problem, 800
physical significance, 479
pilot or training sequence, 593, 595
platykurtic, 334
PMF, 515
PNL, 558–560, 566–568, 571, 579, 580, 586
poly-periodic (PP) function, 691
polynomial rooting formula

Cardan’s, 614
Ferrari’s, 219, 614, 615

positive matrix factorization (PMF), 515
positivity prior, 665
post-nonlinear model (PNL), 558, 582, 585

convolutive (CPNL), 560
separability, 559, 568

posterior probability, 467
prewhitening, 163
principal component analysis (PCA), 8, 471
prior, 643, 665
prior information, 467
prior probabilities, 467
probability density function (pdf), 181

generalized Gaussian distribution (GGD),
204

Pearson’s system, 204
proper, 275

Q
QML, 241, 260
quadratic criterion, 575
quadratic energetic transforms, 428
quadratic programming, 383
quadratic transform, 427
quadricovariance, 345, 693
quantile function, 28
Quasi ML, 260

quasi-disjoint, 439

R
radio-frequency identification, 649
radio-frequency source, 649
RAKE, 609
range, 43
rank

Kruskal, 341
of tensor, 338
structured, 339

rank-1 approximation, 608
rank-1 diagonal matrix, 435
rank-1 linear combination problem, 607
reduced columns, 75
relative gradient, 32, 199, 397
relative Hessian, 32
relative Newton, 396
relative optimization, 397
relaxation, 267
relevant priors, 479
representation

equivalent, 327
reverberation time, 781
RobustICA, 217
robustness, 127, 645, 646

stability, 129

S
SAR, 785
SCA, 642, 814
scale factor, 234
scatter plot, 367
Schur decomposition, 597, 599
score function, 33, 117, 202, 571, 572, 574, 586

approximation, 203
joint, 573
marginal, 573

score function difference (SFD), 573, 574
SDR, 785
semi-blind, 642, 665
semi-blind methods, 593, 598
semi-NMF, 525
semi-unitary, 99
separating functions, 60
separation, 67
separation matrix, 422
serial updating, 200
SFD, 573
shift invariance of cumulants, 336
side information, 630
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sign factor, 234
signal extraction, 184, 204
signal model, 470
signal separation

deflationary, 184, 204
joint or symmetric, 184

signal subspace, 14
signal-to-artifacts ratio (SAR), 785
signal-to-distortion ratio (SDR), 785
signal-to-interference ratio (SIR), 785
signal-to-noise ratio (SNR), 617, 785
single-input multi-output (SIMO), 595, 598
single-input single-output (SISO), 595, 596, 696
singular value decomposition (SVD), 192, 607
SIR, 785
SISO, 1
skewness, 334
Skitovic, see Darmois, 330
smoothing method of multipliers (SMOM), 401
smoothness, 523
SNR, 785
SOBI, 253, 738
SOBIUM, 738
SOS, 227
source

bounded, 567
bounded pdf, 536
colored, 93, 643
correlated, 102
electromagnetic, 648
Gaussian, 643
music, 787
non-stationary, 643
radio-frequency, 649
speech, 787
temporally correlated, 568

Darmois decomposition, 569
example, 569

source signals
sub-Gaussian, 183
super-Gaussian, 183

source-microphone impulse response, 781
spark, 341
sparse component analysis (SCA), 642
sparse representation

joint, 377
truly, 379

sparsity, 521
spatial

bilinear time-frequency spectrum, 430
bilinear transform, 427

quadratic time-frequency spectrum, 430
quadratic transform, 428
whitening matrix, 424

spatial aliasing, 801
spatial coherence, 14, 809
spatial diversity, 412
spatial ICA, 660, 662, 756
spatial whitening

of the observations, 423
spatial whitening matrix, 80
spatio-temporal equalization, 594
spatio-temporal ICA, 756
spectral ICA, 660
spectrum, 228
specular channel, 697
speech, 783, 803
sphering, 227
spurious independent component, 645
spurious solutions, 596, 619
standardization, 80
stationary point

definition, 187, 190
local asymptotic stability, 190
maximum, 187
spurious, 184, 193, 195, 205

step size, 188
optimal, 216, 217

STOTD, 174
strong uncorrelating transform, 276
structural constraints, 554
subspace fitting, 607
subspace methods, 607
sufficient statistic, 256
superimposed pilots, 631
SUT, 276
Sylvester theorem, 346
symbol error rate (SER), 617
symmetric rank, 339

T
target-matrices, 247
TDSEP, 251
tensor, 335

factorization, 521
rank, 338
symmetric, 336, 338, 339

thresholding function, 383
time multiplexed pilots, 631
time-reversibility, 257
transform
σ -diagonal, 550, 551, 557
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preserving independence, 551
Darmois method, 553
example, 552
existence, 552

smooth, 555
counterexample, 555

trivial filter, 69, 78, 93

U
under-determined, 11, 16, 72, 325, 368, 642, 658,

814
uniform performance, 199, 200
unimodular, 75
uniqueness

essential, 327

V
ventricular arrhythmia detection, 748

W
whitened observation, 181, 424
whitening, 14, 92, 113, 180, 227, 292

iterative, 192
matrix, 180
spatial, 80

Wiener filter, 271
Wiener systems, 560
word error rate, 785
WSS, 227

Y
Yule-Walker equations, 231

Z
zero forcing (ZF), 597
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