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209. Stanković, L., “Performance analysis of the adaptive algorithm for bias-to-variance
trade-off, ” IEEE Trans. Signal Processing, vol. 52, no. 5, pp. 1228–1234, 2004.

210. Starck, J.L., E.J. Candes, and D.L. Donoho, “The curvelet transform for image
denoising,” IEEE Trans. Image Processing, vol. 11, no. 6, pp. 670–684, 2002.

211. Starck, J.L. and E. Pantin, “Deconvolution in astronomy: a review,” Publ. Astronom.
Soc. Pacific, vol. 114, pp. 1051–1062, 2002.

212. Stein, C.M., “Estimation of the mean of a multivariate normal distribution,” Ann.
Statist., vol. 9, pp. 1135–1151, 1981.

213. Stiller, C. and J. Konrad, “Estimating motion in image sequences,” IEEE Signal
Processing Mag., vol. 16, pp. 70–91, 1999.

214. Stone, C.J., “Cross-validatiry choice and assessment of statistical prediction (with
discussion),” J. Royal Statist. Soc., Ser. B, vol. 36, pp. 11–147, 1974.

215. Stone, C.J., “Consistent nonparametric regression (with discussion),” Ann. Statistics,
vol. 5, no 4, pp. 595–645, 1977.

216. Strang, G. and T. Nguyen. Wavelets and filter banks. Wellesley Cambridge Press,
Boston, 1996.

217. Stewart, C.V., “Robust parameter estimation in computer vision,” SIAM Rev., vol. 41,
no. 3, pp. 513–537, 1999.

218. Suoranta, R. and K. Estola, “Robust median filter with adaptive window length,” IEEE
Inter. Symp. Circuits and Systems, vol. 1, pp. 108–111, 1991.

219. Tibshirani, R.J. and T.J. Hastie, “Local likelihood estimation,” J. Amer. Statist. Assoc.,
vol. 82, pp. 559–567, 1987.

220. Tikhonov, A.N. and V.Y. Arsenin. Solution of ill-posed problems. John Wiley and
Sons, New York, 1977.

221. Timmermann, K.E. and R. Nowak, “Multiscale modeling and estimation of Poisson
processes with application to photon-limited imaging,” IEEE Trans. Inform. Theory,
vol. 45, no. 3, pp. 846–862, 1999.

222. Toft, P. “The Radon transform. Theory and applications.” Ph.D. Thesis, Department
of Mathematical Modelling, Technical University of Denmark, 1996.

223. Tsybakov, A., “Robust reconstruction of functions by the local-approximation
methods,” Problems Informat. Transmission, vol. 22, pp. 133–146, 1986.

224. Ulichney, R. Digital halftoning. MIT Press, Cambridge, MA, 1987.
225. Unal, G.B. and A.E. Cetin, “Restoration of error-diffused images using projection

onto convex sets,” IEEE Trans. Image Processing, vol. 10, no. 12, pp. 1836–1841,
2001.

226. Vardi, Y., A. Shepp, and L. Kauffman, “A statistical model for positron emission
tomography,” J. Amer. Statist. Assoc., vol. 80, no. 389, pp. 8–20, 1985.
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3D inverse 294, 516
3D spatially adaptive inverse 299

accuracy 124, 136, 215
accuracy analysis 207
adaptive weights smoothing 180
adaptive-scale selection 137
algorithm 146
algorithm complexity 224
amplitude and phase characteristics 64
analysis filter 445
analytical kernels 100
analytical regular grid kernels 74, 467
anisotropic deconvolution 289
anisotropic gradient 237, 238
anisotropic kernel estimates 179
anisotropic LPA 173
anisotropic LPA-ICI algorithms 207
anisotropic Taylor series 213
anisotropy 11
Anscombe transform 347, 381
approximating/smoothing 31
array arithmetic operations 28

B-splines 34
bandpass 100
bandpass filters 67
bandwidth 7
Bernoulli distribution 357
Bernoulli regression 314, 361
bias assumptions 123
bias of an estimate 122
bias-variance balance 144
bias-variance trade-off 9
binary (Bernoulli) distribution 314, 318
Box–Cox transform 346

canonical regression 315
center of the LPA 28, 92
combined-window estimate 151, 153

complete set of polynomials 92
completeness of polynomials 29
complexity 147
computerized tomography 407
conditioning 301
confidence interval 141
continuous differentiable signals 24
convergence of the LPA estimates 121
convergence rate 132, 147
cross validation (CV) 150, 490

deblurring 264
delta sequence 113
denoising 154
derivative estimate 99
derivative estimation 32, 92, 129, 132
derivative of the Dirac delta function

109, 110
differentiating delta sequence 114
differentiating filters 72
differentiating integral 94
differentiating kernels 94, 115
differentiating operator 96
differentiation 83, 144
differentiation filter 48
differentiation operator 48
differentiation operator of the order r 27
dilation 7
Dirac delta function 108, 110
Dirac’s delta sequences 111
direct observation model 22
direct Poisson observations 381
directional anisotropic gradient 237
directional derivative 193
directional differentiation 174, 236
directional image denoising 224
directional local approximation 11
directional LPA 187
directional LPA accuracy 496
directional LPA kernels 191
directional LPA-ICI 180
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directional windowing 189
discrete Fourier transform (DFT) 68
discrete-time/space Fourier transform

(DTFT) 65

eigenfunction 64
eigenvalue 64
emission tomography 422
estimate calculation 358
estimate fusion 220
estimation accuracy 207
estimation bias 356
estimation variance 356
expectation-maximization (EM)

method 393
exponential distribution 315
exponential nonsymmetric window

472, 478
exponential symmetric window 473, 479
extrapolating 31

false discovery rate (FDR) criteria 457
feedback algorithm 360
filters 94, 100
finite impulse response (FIR) 48
finite-difference LPA spectrum 441
first-order 1D estimator 44
first-order 2D estimator 46
Fisher information matrix 353, 397
Fisher’s information 332
Fourier slice theorem 417
Fourier transform radon inverse 416
frequency response 63

Gauss–Newton method 359
Gaussian density 317
Gaussian distribution 312, 357
Gaussian noise 355
generalized function 108
generalized linear model 15
generalized singular functions 107
global scale 41
gradient-type recursive procedure 358
Gram–Schmidt orthogonalization 444

hard-thresholding 454
Heisenberg’s uncertainty principle 430
Hermitian polynomials 102, 106

high-order nonparametric regression
364, 366

high-order regression 372
high-pass 67, 100
Hölder class 214
Huber’s minimax estimation 16

ICI adaptive scale 273, 303
ICI pilot DCT algorithm 231
ICI rule 138, 139, 142, 487
ideal convergence rate 130
ideal neighborhood 241
ideal or oracle scale 9
ideal scale 8, 126
ill-conditioned problems 265
ill-posed problems 265
image reconstruction 263
imaging 167
impulse response functions 94
indirect observation model 22
indirect Poisson observations 390
inseparable 2D kernels 476
integral Fourier transform (IFT) 98
integral kernel transformation 6
integral LPA 91
integral weighted least-square criterion 92
interpolating 31
intersection of confidence interval (ICI)

rule 10, 139
invariant scale 41
inverse discrete Fourier transform

(IDFT) 69
inverse discrete-time Fourier transform

(IDTFT) 66
inverse halftoning 285
inverse integral Fourier transform 98
inverse problem 263
inverse radon transform 417

kernel estimates 48, 93
kernel LPA estimates 47
kernels 48

lp-balls 309
Laguerre polynomials 101, 106
Laplacian 117
Laplacian distribution 313, 357
Laplacian noise 355
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Laplacian operator 88
Laplacian regression 313
least variance estimate 153
Legendre polynomials I 100, 105
Legendre polynomials II 101, 105
Lepski’s approach 10, 138
limit LPA estimates 97
line-wise kernels 205
linear independence 443
linear model of transmission system 413
linearly independent 2D polynomials

28, 92
Lipshitz functions 214
local (nonparametric) generalized linear

model 15
local log-likelihood 14
local maximum likelihood (ML) 14, 351
local ML for indirect observations 400
local ML Poisson inverse 400
local polynomial approximation (LPA) 28
local polynomial model 6
local quasi-likelihood 366, 382
log-likelihood 352
logistic regression 362
logit function 318
logit transform 318, 362
low-pass 67, 100
LPA accuracy 121, 480
LPA(AV)-ICI(AV) algorithm 372
LPA deblurring 267
LPA estimate 53
LPA regularized inverse 302, 517
LPA smoothing 268
LPA-ICI 146
LPA-ICI adaptive algorithm 10
LPA-ICI algorithm 145, 358
LPA-ICI deblurring algorithms 273
LPA-ICI filtering 397
LPA-ICI robust M-estimates 339
LPA-ICI(AV) algorithm 371, 399
LPA-regularized Wiener inverse 303, 519

M-estimate (M-estimation) 16, 309
maximum likelihood (ML) 14, 311
median 153, 319
minimax estimation 331
minimax solutions 333
minimax Huber’s estimation 310
minimization in frequency domain 512

ML estimate 352
ML model of transmission imaging 419
ML pure inverse 390
moment conditions 7
motion deblurring 280
MR analysis for differentiation 449
MR denoising 460
MR differentiation 461
MR kernels 449
multi-index 110
multi-index notation 26, 59
multidimensional notation 22
multiple-window estimation 151
multiplicative window 35
multiresolution (MR) 17
multiresolution analysis 427
multiresolution nonparametric

regression 17, 427
multiresolution synthesis 427
multivariate differentiation 87
multivariate Dirac delta function 110
multivariate estimates 37
multivariate kernels and estimates 96
multiwindow estimate 151, 152

Nadaraya–Watson estimate 51
naive inverse 267, 299
neighborhood 13
Newton method 359
noise variance estimation 145
nonlinear methods 307, 521
nonlinear transform methods 343
nonparametric estimation 3, 39
nonparametric interpolation 53
nonparametric kernel decomposition 446
nonparametric ML 353
nonparametric models 24
nonparametric quasi-likelihood 369
nonparametric regression 50
nonparametric spectrum 445
nonsymmetric 35
normal equation 36

open loop algorithm 360
optical flow estimation 256, 257
oracle scale 41
orthogonal LPA spectrum 445
orthogonal series 428
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parametric 3
parametric ML 351
parametric models 23
parametric quasi-likelihood 367
Parseval formula 66, 70
perfect reconstruction 446
performance of LPA M-estimates 340
performance of M-estimates 323
photon imaging 379
piecewise constant models 25
piecewise smooth models 25
point spread function (PSF) 22, 263
Poisson distribution 314, 317, 357, 379
Poisson indirect observation model 380
Poisson inverse 391
Poisson regression 314, 364
polynomial smoothness 207
polynomials 188
potential derivative estimates 114
potential differentiating kernels 115
potential differentiators 136

quasi-likelihood (QL) 15, 311
quasi-likelihood LPA-ICI algorithms 371

radon transform 414
random error 8
rectangular nonsymmetric

windows 471, 478
rectangular symmetric window 468, 476
recursive algorithms 221
recursive directional LPA-ICI

algorithm 222
recursive LPA-ICI(AV) algorithm 382
recursive LPA-ICI(AV) filter 382
regression 50
regression function 50
regular grid 22
regularization 269
regularization parameter 270
regularized inverse (RI) 270, 274,

396, 517
regularized inverse with adaptive variance

(RI-AV) 402
regularized variance-adaptive Wiener

inverse (RWI-AV) 402
regularized Wiener inverse (RWI) 274
reproducing polynomial estimates 48

reproducing polynomial kernels 48
reproducing properties 95
Richardson–Lucy algorithm 395
Richardson–Lucy method 391
robust loss functions 336
robust M-estimation 319
rotated estimates 217
rotation 190

sample mean 153
scale 7, 29, 41
scale law 216
scale of polynomials 29
scale parameter 6
scale selection oracle 41
sectorial kernels 198
separable (anisotropic) 212
separable 2D kernels 475
sequence of confidence intervals 141
shading from depth 253
shift-invariant and shift-variant

kernels 74
shift-invariant directional LPA 195
shift-invariant estimates 96
shift-invariant kernels 57, 75, 94, 194
signal estimation 32, 92, 98, 126, 131, 139
simple gradient ascent 359
sliding window 3
smoothing 94, 115
smoothing filters 47, 71
smoothing operator 47, 96
soft-thresholding 454
spectrum of random processes

510, 515
star-shaped 13
star-shaped approximation 183
statistical differentiation 87
steepest gradient ascent 359
Stein’s thresholding 454
super-resolution imaging 282
support of a function 36
symmetric 35
systematic error 8

Taylor series 2, 212, 482
Taylor series of the d variables 27
theory for local ML 355
threshold adjustment 148
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thresholding 452
tomography 407
transfer function 63
transfer function of differentiation

operator 66
transition tomography 422
transmission tomography 410
truncated Taylor series 29

vanishing moments 60, 67, 95, 99, 211
variance 123
variance function 15, 375
variance stabilization 345
varying oracle scale 41
varying scale 9
vector and matrix differentiation 513
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weighted least-square criterion 30
weighted least-square method 2
weighted median 319
weighted median filter 320
Wiener filtering 271
Wiener inverse 271
window function 2
window size 7
windows 34, 35

zero-order 1D estimator 39
zero-order 2D estimator 45
zero-order nonparametric regression

363, 365
zero-order regression 371

Downloaded From: http://ebooks.spiedigitallibrary.org/ on 09/18/2013 Terms of Use: http://spiedl.org/terms



“0926ind” — 2006/7/26 — page 552 — #6

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Downloaded From: http://ebooks.spiedigitallibrary.org/ on 09/18/2013 Terms of Use: http://spiedl.org/terms



“0926BM” — 2006/8/8 — page 1 — #1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Authors’ Biographies

Vladimir Katkovnik earned his M.Sc., Ph.D. and Doctor of
Sc. degrees from the Leningrad Polytechnic Institute in Russia
in 1960, 1964, and 1974, respectively. He was formerly at
the Department of Mechanics and Control Processes of this
Institute from 1964–1991, at the Statistics Department of the
University of South Africa, Pretoria, from 1991–1999, and in
the Mechatronics Department of Kwangju Institute of Science
and Technology in South Korea from 2001–2003. Since 2003 he
has been a Research Professor of the Signal Processing Institute
at Tampere University of Technology in Finland. His research
interests include stochastic signal processing, linear and nonlin-

ear filtering, nonparametric estimation, imaging, nonstationary systems, and time-frequency
analysis. He has published seven books and about 200 papers.

Karen Egiazarian is a Senior Member of IEEE. He earned
his M.Sc. from Yerevan State University in Armenia in 1981,
his Ph.D. from Moscow Lomonosov’s State University, Russia,
in 1986, and his D. Tech. from Tampere University of Tech-
nology, Finland, in 1994. He has formerly been at the Signal
Processing Laboratory, Institute of Problem of Informatics and
Automation at the National Academy of Sciences of Armenia
from 1981–1993, and with the Signal Processing Laboratory,
Tampere University of Technology, from 1993. Since 1999, he
has been a Professor of the Institute of Signal Processing at
Tampere University of Technology. Prof. Egiazarian’s research

interests include signal and image processing, applied mathematics, and digital logic. He
has published one book, three book chapters and about 350 articles.

Jaakko Astola is a Fellow of IEEE. He earned his B.Sc., M.Sc.,
Licentiate, and Ph.D. from Turku University in Finland in 1972,
1973, 1975, and 1978, respectively. He was formerly at the Insti-
tute for Mathematical Sciences of Kyoto University in Japan
from 1976–1977, at the Department of Information Technol-
ogy at the Lappeenranta University of Technology in Finland
from 1979–1987, at the Eindhoven University of Technology
of The Netherlands in 1984, and at the Department of Applied
Mathematics at Tampere University, Finland, from 1987–1992.
Since 1993 he has been a Professor of Signal Processing and the
Director of the Tampere International Center for Signal Process-

ing of Tampere University of Technology. His research interests include signal processing,
coding theory, spectral techniques, and statistics. He has published five books and about
500 papers.

553

Downloaded From: http://ebooks.spiedigitallibrary.org/ on 09/18/2013 Terms of Use: http://spiedl.org/terms




