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Aberrations, 311
Absolute value, histogram, 541
Achromatic, 293
Ac term, 189
Adaptive histogram modification, 265
Additive

color system, 49

linear system, 6
Ade’s texture features, 568
Adjoint model, 355
Affine transformation, 394
Aliasing

effects, 103

error, 103
Amplitude

features, 537

level slicing, 256

projections, 587

scaling, 249

segmentation methods, 580
API, see Application program interface
Application program interface, 629
Area measurement, 627
Argyle operator, 480
ARMA parameter estimation, 377
Atomic regions, 590
Atmospheric turbulence model, 313
Autocorrelation

function, 16, 530

histogram, 540

of system output, 20

spread features, 557

texture features, 556

theorem, 13
Autocovariance function, 18
Autoregressive process, 377
Average

area, 631

contrast, 592

length, 631

perimeter, 595

spatial, 5
width, 631

Banded matrix, 172
Bandlimited, 98
Bandstop filter, 274
Barrel distortion, 401
Bartlett windowing function, 175, 236
Basic image interchange format, 682
Basis
functions, 192, 542
matrices, 192
patterns, 542
Bayer color filter, 121
Bayes minimum error, 489
Bays, 624
B-distance, 536
Bell interpolation kernel, 414
Bessel function, 97, 236
Between class scatter matrix, 589
Bezier polynomial, 596
Bhattacharyya distance, 536
BIIF, see Basic image interchange format
Bilevel luminance thresholding, 580
Bilinear interpolation, 116, 265, 411
Bit quads, 629
Blackbody source, 45
Black component, 75
Blackman windowing function, 175, 236
Blind image restoration, 373
Block
mode filtering, 232
Toeplitz, 155
Blur matrix, 179
Bond, pixel, 422
Boundary segmentation, 595
Boxcar operator, 478
Bridge, 426
Brightness, 25
Brodatz texture, 546
B-spline, 114
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Bug follower
basic, 614
backtracking, 615
Bug following, 614
Butterworth filter
high-pass, 240
low-pass, 240

Camera imaging model, 407
Canny operator, 482
Cartesian coordinate system, 388
Cartesian-to-polar conversion, 397
Catchment basin, 594
Cathode ray tube, 3, 47
CCD, see Charged coupled device
CCIR, see Comite Consultatif International des
Radiocommunications
CCIR receiver primary color coordinate system, 66
Center of gravity, 634
Centered
superposition, 169
reflected boundary superposition, 169
zero boundary superposition, 170
zero padded superposition, 169
Central moments, normalized, 641
Central spatial moment
continuous, 631
discrete, 633
Centroid, 634
Charged coupled device, 110, 332
Chain
code, 615
definition of, 616
Chebyshev
basis set, 568
polynomials, 501, 568
Chernoff bound, 536
Chessboard distance, 625
Choroid, 27
Chroma, 80
Chromatic adaption, 32
Chromaticity
coordinates, 59
diagram, 59, 67, 70
CIE, see Commission Internationale
de I’Eclairage
CIE spectral primary color coordinate system, 65
Circulant
convolution, 184
matrix, 182
superposition, 182
Circularity, 630
CIS, see contact image sensor
City block distance, 625
Clipping, contrast, 245

Close operation
binary image, 453
gray scale image, 459
Clustering, 587
CMOS, see complementary metal-oxide
semiconductor
Coarse-fine matching, 670
Coarseness, texture, 545
Coiflets, 211
Color blindness, 33
Color coordinate conversion, 753
Color coordinate systems
CCIR, 66
CIE, spectral, 65
EBU, 66
IHS, 84
Karhunen—Loeve, 84
L*a*b*, 71
L*u*v*, 72
NTSC, 66
Photo YCC, 83
retinal, 86
SMPTE, 67
UVW, 69
U*V*W* 71
XYZ, 67
YCbCr, 82
YI1Q, 80
YUV, 81
Color cube, 58
Color film model, 321
Color image
edge detection, 522
enhancement, 291
restoration, 381
Colorimetry, 45, 54
Color matching
additive, 49
axioms, 53
subtractive, 52
Color spaces
colorimetric, 64
nonstandard, 83
subtractive, 73
video, 76
Color systems
additive, 49
subtractive, 49
Color vision
model, 39
verification of model, 55
Column
gradient, 471
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moment, first-order, 634

moment of inertia, 637
Comite Consultatif International des

Radiocommunications, 67
Commission Internationale de 1’Eclairage, 46
Companding quantizer, 145
Compass gradient arrays, 485
Complement, 426
Complementary metal-oxide semiconductor, 110
Conditional

density, 16

inverse, 745

mark, 431
Condition number, 353
Cones

description of, 27

distribution of, 28

sensitivity of, 27
Connected

components, 627

eight, 422

four, 422

minimally, 423

six, 403
Connectivity

definitions, 421

of pixels, 423
Consistent system of equations, 349, 747
Constrained image restoration, 369
Constrained least squares filter, 34
Contact image sensor, 110
Contour

coding, 615

following, 614
Contrast

clipping, 249

definition of, 34

manipulation, 248

modification, 252

scaling, 249

sensitivity, 30

stretching, 251
Control points, 402
Control point detection, 675
Convex

deficiency, 624

hull, 624
Convolution

circulant, 182

discrete image, 165

finite area, 172

Fourier domain, 225, 226

Hadamard domain, 225

INDEX 771

integral, 8

operation, 9

sampled image, 174

symbol, 8

transform domain, 224

two-dimensional, 13
Co-occurrence matrix, 564
Cornea, 27
Correlation function

basic, 665

of image array, 153

normalized, 665

statistical, 667
Correlation matrix, 154
Cosine transform, 200
Covariance

function, 153

histogram, 541

matrix, 154

stationary, 155
Crack code, 615, 627
Cross

correlation, 653, 665

power spectrum, 671

second derivative, 530, 669
CRT, see Cathode ray tube
Cubic B-spline

definition of, 114

interpolation kernel, 414
Cubic convolution, 114
Cumani operator, 528
Cumulative

histogram, 261

probability distribution, 261
Current boundary, 592
Curvature

definition of, 646

Fourier series of, 646
Curve fitting

iterative end point, 596

polynomial, 596
Cutoff frequency, 237, 240

Daisy petal filter, 572

Daub4, 210

Daubechies transform, 210

Dc term, 189

Decorrelation operator, 558
Demosaicking, 122

Dependency matrix, 563

Derivative of Gaussian edge gradient, 481
Derivative matched filter, 659

Detection
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image, 651

probability of edge, 488
Deterministic image representation, 3
Diagonal fill, 425
Diagonalization of a matrix, 164
Dichromats, 33
Difference of Gaussians, 498
Differential operators, 9
Diffraction

definition of, 311

limited, 311
Dilation

eight-neighbor, 427

generalized, 443

gray scale image, 457

properties of, 450
Dirac delta function

continuous, 6

discrete, 166

sampling array, 92
Directed derivative edge detector, 501
Directional derivative, 10, 100
Direct product, matrix, 698
Dispersion feature, 538
Display

cathode ray tube, 47

liquid crystal, 47

point nonlinearity correction, 333

spatial correction, 335
Distance

chessboard, 625

city block, 625

Euclidean, 625

magnitude, 625

map, 626

maximum value, 625

measures, 625

transform, 626
Dither function, 337
DOG, see Difference of Gaussians
Duda and Hart Hough transform, 601
Dye layer gammas, 320

EBU, see European Broadcast Union

EBU receiver primary color coordinate systems,

66

Edge crispening
enhancement, 284
linear, 284
masks, 284, 285

Edge detection
color image, 522
first-order derivative, 471
luminance image, 465

probability of, 509
second-order derivative, 492
subjective assessment, 516
Edge detector
edge fitting, 506
figure of merit, 514
first derivative, 471
localization, 515
orientation, 510
performance, 508
second derivative, 492
Edge fitting, 506
Edge gradient, 471
Edge linking
curve fitting, 596
heuristic, 598
Hough transform, 607
iterative end point, 598
Edge models, 466, 467, 468
Edge probability
of correct detection, 488
of edge misclassification, 488
of false detection, 488
Eigenvalue, definition of, 743
Eigenvector
definition of, 743
transform, 211
Eight-connectivity, 422
Eight-neighbor
dilate, 427
erode, 429
Emulsion, film, 304
Energy, histogram, 539, 541
Entrance pupil, 311
Entropy, histogram, 539, 541
Equalization, histogram, 259
Ergodic process, 19
Erosion
eight-neighbor, 429
generalized, 446
gray scale image, 457
properties of, 450
Euclidean distance, 625
Euler number, 624, 630
European Broadcast Union, 66
Exit pupil, 311
Exoskeleton, 441
Exothin, 437
Expectation operator, 16
Exponential probability density, 15
Exposure, film, 315
Extended data vector, 222
Extraction weighting matrix, 356
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Eye
cross-sectional view, 27
physiology, 26

Facet modeling, 501
False color, 296
Fast Fourier transform
algorithm, 199
convolution, 225
Fatten, 427
FDOG, see First derivative of Gaussian operator
Features
amplitude, 537
histogram, 538
texture, 555
transform coefficient, 542
Feature extraction, 535
FFT, see fast Fourier transform
Figure of merit
edge detector, 514
feature, 536
Film
color, 318
emulsion, 314
exposure, 315
gamma, 317
monochrome, 314
speed, 317
Filter
bandstop, 274
Butterworth, 240
design, 233
Gaussian, 239
high-pass, 238, 240
homomorphic, 273
inverse, 336
low-pass, 237, 238, 239
pre-sampling, 106
whitening, 558, 658
Wiener, 338
zonal, 237, 238
Finite area
convolution, 172
superposition, 166
First derivative of Gaussian operator, 481
First-level
Haar wavelets, 209
scaling signals, 209
First moment, 16
First-order
row moment, 633
column moment, 634

INDEX

Flooding, 594
Focal length, 404
Four-connectivity, 422
Fourier
descriptors, 645
spectra texture features, 556
Fourier transform
continuous
definition of, 10
properties of, 12
convolution, 225
discrete, definition of, 193
fast, 199, 234,
feature masks, 543
features, 543
filtering, 225
pairs, 11
Fovea, 28
Fovean sensor, 120
Frei—Chen operator, 476

Gabor filter, 572
Gagalowicz counterexample, 554
Gain correction, 332
Gamma

correction, 77

estimation, 373

film, 317

image, 77
Gaussian error function

definition of, 255

transformation, 254
Gaussian filter, 239
Gaussian probability density

continuous, 15

discrete, 159

discrete conditional, 525
Generalized

dilation, 443

erosion, 447

inverse, 350, 744

linear filtering, 214

linear operator, 149
Geometrical image

modification, 387

resampling, 411
Geometrical mean filter, 343
Geometric

attributes, 630

distortion,401

moment, 633
Gibbs phenomenon, 175
Gradient

column, 471

continuous, 10
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discrete, 471

row, 471
Grassman’s axioms, 53
Gray scale

contouring, 136

dependency matrix, 564
Greedy algorithm, 610
Haar

matrix, 207

transform, 207

wavelets, 207
Hadamard

matrix, 204

transform, 204
Halftoning, 111

Hamming windowing function, 175, 236

H&D curve, 317
Hanning windowing function, 175, 236
Hartley transform, 204
H-break, 429
Header file, 712
Hexagonal grid, 423
High-pass filter
Butterworth, 240
zonal, 237, 238
Histogram
absolute value feature, 541
autocorrelation feature, 540
covariance feature, 541
cumulative, 261
definition of, 705
energy feature, 539, 541
entropy feature, 539, 541
equalization, 259
features, 538
first-order, 160
hyperbolization, 264
inertia feature, 541
inverse difference feature, 541
kurtosis feature, 539
mean feature, 539
measurements, 160
mode, 540
modification,
adaptive, 265
non-adaptive, 259
one-dimensional features, 539
property, 585
second-order, spatial, 160
shape, 539
skewness feature, 539

standard deviation feature, 539

two-dimensional features, 540
Hit or miss transformations, 424
Hole, 623
Homogeneous coordinates, 391
Homomorphic filtering, 273
Hotelling transform, 211
Hough transform

basic, 600

Dude and Hart version, 601

edge linking, 600

O’Gorman and Clowes version, 604
Hu’s invariant moments, 641
Hue, 25, 84
Hueckel edge detector, 507
Hungarian prototype, 710
Hurter and Driffield curve, 317
Hyperbolization, histogram, 264

Idempotent, 434
IEC, see International Electrotechnical
Commission
IIF, see Image interchange facility
Ill-conditioned integral, 338
Illuminant
C, 66
D65, 66, 67
E, 65
Image
centroid, 634
classification, 535
continuous, definition of, 3
data object, 710, 712
detection, 651
discrete, definition of, 147
dispersion, 538
enhancement, 247
error measures, 759
feature, 535
feature extraction, 535
matrix, 48
quantization, 127
reconstruction, 91
registration, 651
restoration, 329
restoration models, 307, 322
sampling, 91, 120
segmentation, 535, 579
statistical, definition of, 3
stochastic characterization, 14
surface, 633
Image interchange facility, 682
Image representation
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deterministic, 3
statistical, 3
vector space, 147
Impulse response
Bessel, 97
definition of, 8
function array, 166
sinc, 96
Inconsistent system of equations, 349, 747
Index assignment, 697
Inertia
histogram feature, 541
moment of, 637
texture function, 541
Intensity, 84
Interimage effects, 320
Interior
fill, 425
pixel remove, 429
Internal boundary, 592
International Electrotechnical Commission, 643
International Organization for
Standardization, 643
Interpolation
bilinear, 116, 411
by convolution, 413
error, 118
methods, 411
nearest-neighbor, 411
piecewise linear, 116
Interpolation function
bell, 115, 414
cubic B-spline, 114,411, 414
cubic convolution, 114
definition of, 98
Gaussian, 115
sinc, 113
square, 113
triangle, 113
Interpolation kernels
bell, 414
cubic B-spline, 414
peg, 414
pyramid, 414
Intersection, 424
Invariant moments
control point warping, 675
definition of, 641
Hu’s, 641
Inverse
difference, histogram, 541
filter, 336
function transformation, 256

INDEX 775

Iris, 28
ISO, see International Organization for
Standardization
Isolated pixel remove, 428
Isoplanatic, 8
Iterative
blind deconvolution, 378
endpoint fit, 596
Joint probability density, 15, 597
JPEG, 196
Julesz
conjecture, 550
texture fields, 548

Kaiser windowing function, 236
Karhunen—Loeve

color coordinate system, 84

transform, 186
Kernel, small generating, 170
Key

component, 75

pixel, 696
Kirsch operator, 485
Krawtchouk moments, 643
Kurtosis, histogram feature, 539

L*a*b* color coordinate system, 71
Labeling, segment, 614
Lagrange multiplier, 130, 370
Lagrangian
estimate, 370
factor, 370
Lakes, 624
Laplacian
continuous, 471
definition of, 494
density, 16
discrete matched filter, 62
edge detector, 495
eight-neighbor, 495
four-neighbor, 494
generation, 494
matched filter, 660
of Gaussian edge detector, 496
operator, 10
zero crossing, 499
Lateral inhibition, 37
Laws’ texture features, 567
LCD, see Liquid crystal display
Least squares
error, 748, 759
inverse, 745
modeling error, 749
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Left-justified form, 163
Legendre moments, 643
Lens transfer function, 108, 313
Level slicing, 257
Light
definition of, 23
sources, 24
Lightness function, 137
Line
definition of, 466
detection, 529
models, 466
Linearity, 12
Linear operator, 123
Linear systems
additive, 6
consistent, 703
inconsistent, 703
solutions to, 702
Liquid crystal display, 47, 111
Logarithmic
ratio of images, 299
transformation, 255
Logical operators, 570
Log-normal probability density, 15
LOG, see Laplacian of Gaussian
Lookup table, 404, 706
Low-pass filter
Butterworth, 240
Gaussian, 239
zonal, 237
Luma, 80
Lumen, 48
Luminance
boundary segments, 465
calculation of, 59
definition of, 60
edges, 465
Luminosity coefficients, 60
Luminous flux, 48
LUT, see Lookup table
L*u*v* color coordinate system, 72

Mach band, 32

Macleod operator, 480

Magnification, image 389

Magnitude distance, 625

Majority black, 430

Markov process
autocovariance function, 18
covariance matrix, 156
spectrum, 18

Match point control, 700
Matched filter
continuous, 655
derivative, 659
deterministic, 655
discrete, deterministic, 662
discrete, stochastic, 663
Laplacian, 660
stochastic, 660
Matrix
addition, 738
banded, 172
between class scatter, 589
blur, 179
co-occurrence, 564
correlation, 154
covariance, 154
definition of, 707
dependancy, 564
diagonal, 164
diagonalization, 164
direct product, 740
image, 148
inverse, 739
Markov covariance, 156
multiplication, 738
norm, 741
orthogonal, 191
rank, 741
selection, 184
sparse, 218
trace, 740
transpose, 740
tridiagonal, 202
within class scatter, 589
Max quantizer, 131
MAX, 280
MAXIMIN, 280
Maximum
entropy, 362
likelihood ratio, 489
value distance, 625
Maxwell triangle, 58
Mean
of continuous probability density, 16
feature, 537
histogram feature, 539
matrix, 153
square error, 715
vector, 153
Mean-square error, normalized, 759

%

5|8



A\
‘ é bindex.fm Page 777 Friday, December 8, 2006 12:34 PM

Medial axis

skeleton, 438

transformation, 438
Median

definition of, 277, 511

feature, 537

filter, 277

filtering, 277
Metameric pairs, 25
Mexican hat filter, 498
Microstructure, texture, 566
MIN, 280
MINIMAX, 280
Minification, image, 389
Minimally connected, 423
Minimum vector dispersion, 529
Minkowski addition, 444
Misregistration detection

generalized, 674

scale and rotation, 672

translational, 664
Mode, definition of, 540
Modulation transfer function, 34, 312
Moire patterns, 103
Moment of inertia, 637
Moments

first, 16

Krawtchouk, 643

Legendre, 643

pseudo Zernike, 643

second, 16

spatial

continuous, 631
discrete, 633

Zernike, 643
Monochromats, 33
Monochrome vision model, 33
Morphological image processing, 421
Morphological operators

binary conditional, 432

binary unconditional, 425

gray scale, 457
MPEG, 196
Moving average process, MA, 377
Multi-plane image restoration, 379
MTF, see Modulation transfer function
Multispectral image enhancement, 289
Multilevel

color component thresholding, 585

luminance thresholding, 582
Munsell color system, 26

INDEX 777

Nalwa-Binford edge detector, 508
NAS-RIF method, 378
National Television Systems Committee, 66
Nearest neighbor interpolation, 411
Neighbourhood array, 708
Nevatia—Babu masks, 487
Neyman—Pearson test, 489
Noise
cleaning
adaptive, 284
Fourier domain, 271
linear, 268
masks, 269
nonlinear, 275
spatial domain, 269
techniques, 267
models, 335
Nonreversal film process, 314
Norm
matrix, 697
minimum, 706
vector, 697
Normalized least squares error, 716
NTSC, see National Television Systems
Committee
NTSC receiver primary color coordinate system,
66
Nyquist
criterion, 97
rate, 97

Object components, 590
O’Gorman and Clowes Hough transform, 604
One-to-one mapping, 6
Open operation
binary image, 454
gray scale image, 459
Operators
circulant
convolution, 180
superposition, 178
finite area
convolution, 167
superposition, 166
linear, 149
pseudoinverse, 744
sampled image
convolution, 176
superposition, 176
Optical systems
atmospheric model, 313
models, 313
Optical transfer function, 33, 312
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Organs of vision, 23
Orientation

angle, 639

axis, 639
Orthogonality

condition, 339

principle, 366
Orthogonal

gradient generation, 471

matrix, 191
Orthonormality conditions, 190
OTF, see Optical transfer function
Outlier removal, 276
Overdetermined

equations, 349

matrix, 349, 745
Oversampled, 95

Parametric
estimation filters, 342
low-pass filter, 269
Parseval’s theorem, 13
PCM, see Pulse code modulation
Peak least squares error, 760
Peg interpolation kernel, 414
Perimeter measurement, 627
Peripheral contrast, 592
Perspective
matrix, 405
transformation, 404
Phase
angle, 11
correlation, 671
Photo YCC color coordinate system, 83
PhotoCD, 83
Photographic process
color film model, 318
monochrome film model, 314
Photography
color, 318
monochrome, 314
Photopic vision, 28
Photometry, 45
PIKS, see Programmer’s imaging kernel system
PIKS
application interface, 702
application program interface, 681
conformance profiles, 703
convenience functions, 694
data objects, 682
data types, 683
functional overview, 681
image objects, 683

imaging model, 681
mechanisms, 692
operator models, 695, 696
operators, 685
scientific, 681
tools, 689
utilities, 690
PIKS Scientific
C language binding, 710
profile, 703
overview, 704
Pincushion distortion, 401
Pinhole aperture, 311
Pixel
bond, 422
definition of, 147
record, 708
stacker, 424
Planck’s law, 46
PLSE, see Peak least squares error
PMED, 280
Point
image restoration, 329
spread function, 8
Polar-to-Cartesian conversion, 398
Power
law transformation, 253
spectral density
continuous, 17
discrete, 157
spectrum
continuous, 17
discrete, 157
filter, 342
Prairie fire analogy, 438
Pratt, Faugeras and Gagalowicz texture fields, 551
Prewitt
compass edge gradient, 484
orthogonal edge gradient, 475
Primary colors, 49
Principal components transformation, 164, 300
Prism, 25
Probability density
conditional, 16
exponential, 15
Gaussian, 15, 159, 525
joint, 15, 597
Laplacian, 16
log-normal, 15
models, image, 158
Rayleigh, 15
uniform, 16
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Programmer’s imaging kernel system, 679, 681
Projections, amplitude, 587
Property histograms, 585
Pseudocolor, 293
Pseudoinverse
computational algorithms, 355
operators, 744
spatial image restoration, 345
transform domain, 348
Pseudomedian filter, 280
Pseudo Zernike moments, 643
Pulse code modulation, 136
Pupil
entrance, 311
exit, 311
Pyramid interpolation kernel, 414

Quadratic form, 742
Quantization
color image, 139
companding, 131
decision level, 128
definition of, 127
Max, 131
monochrome image, 136
reconstruction level, 128
scalar, 127
uniform, 131
Quench
distance, 438
point, 438

Radiant flux, 45
Rainfall, 594
Ramp edge, 465
Rank, matrix, 127, 741
Ratio contour, 597
Ratio of images, 298
Rayleigh probability density, 15
Reciprocity failure, 305
Reconstruction

filter, 96

levels, 159
Rectangular windowing function, 236
Refective object, 24
Reflectivity, 23
Region growing, 590
Region-of-interest, 609, 697, 709
Registration, image, 664
Regression image restoration, 365
Relative luminous efficiency, 4, 48
Resampling, image, 411

INDEX 779

Resolution loss, 117
Restoration, image, 329
Retina, 27
Retinal cone color coordinate system, 86
Reversal film process, 314
Reverse function transformation, 255
Ridge, 594
Ringing artifacts, 287
Roberts
edge gradient, 473
operators, 474
Robinson
3-level operator, 485
5-level operator, 485
Rods
description of, 27
sensitivity of, 27
ROI, see Region-of-interest
Roof edge, 466
Rotation
image, 390
image, separable, 394
three-dimensional, 409
Row
gradient, 471
moment, first-order, 633
moment of inertia, 637
Row-column cross moment of inertia, 637
Rubber band transformation, 255
Rubber-sheet
stretching, 400, 623
transformation, 623
Running difference edge gradient, 472

Sampled image
convolution, 176
superposition, 176

Sampling
deterministic fields, 92
random fields, 97

Saturation, 25, 84

Scaling
contrast, 249
linear, 12
image, 389
separable image, 394

Scatter matrices
between class, 589
within class, 589

Sclera, 27

Scotopic vision, 28

Search area, 666

Second moment, 16
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Segment labelling, 613
Segmentation
amplitude, 580
boundary, 595
clustering, 587
image, 579
region growing, 590
texture, 611
Selection matrix, 184
Sensor point nonlinearity correction, 329
Separability, 12
Separated running difference edge
gradient, 472
Sequency
definition of, 205
property, 205
Sequential search method, 632
SGK, see Small generating kernel
Shape
analysis, 623
Fourier descriptors, 645
geometric attributes, 630
orientation descriptors, 643
topological attributes, 623
Shrinking, 431
Shearing, image, 394
Sifting property, 6
integral, 7
property, 6
Signal-to-noise ratio
continuous matched filter, 656
definition of, 760
discrete matched filter, 662
edge, 492
Wiener filter power, 340
Silver halide, 314
Simultaneous contrast, 32
Sinc function, 96
Sine transform, 200
Singularity operators, 6
Singular value, 743
Singular value decomposition (SVD)
definition of, 742
pseudoinverse, 335
texture features, 574
Six-connectivity, 423
Skeletonizing, 437, 647
Skewness, histogram, 539
Small generating kernel
convolution, 241
definition of, 170
Smoothing
matrix, 370
methods, 370

SMPTE, see Society of Motion Picture and
Television Engineers
SMPTE receiver primary color
coordinate system, 67
Snakes boundary detection, 609
SNR, see Signal-to-noise ratio
Sobel operator, 476
Society of Motion Picture and
Television Engineers, 67
Space invariant, 8
Sparse matrix, 218
Sparseness index, 200
Spatial
average, 5
differentials, 13
frequency
continuous, 10
discrete, 193
moments
continuous, 631
discrete, 633
response, 35
warping, 400
Spectral
energy distribution, 23
factorization, 355, 658
Speed, film, 317
Spline fitting, 567
Split and merge, 592
Spot
definition of, 468
detection, 529
models, 470
Spur remove, 428
Stacking
operation, 148
operators, 148
Standard deviation
image feature, 537
histogram, 539
Standard
illuminants, 65, 69
observer, 47
primaries, 69
Static array, 709
Stationary
process, 17
strict-sense, 17
wide-sense, 17
Statistical differencing
basic method, 288
Wallis’ method, 289
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Statistical
correlation function, 667
image representation, 3
mask, 669
Step edge, 465
Stochastic
process, continuous, 15
texture fields, 542
Stretching, contrast, 251
Structuring element
decomposition, 451
definition of, 444
Subtractive color system, 49
Superposition
continuous, 8
discrete
centered forms, 168, 169, 170
circulant, 181
finite area, 165
left-justified form, 167
sampled image, 174
series formation, 165
transform domain, 220
vector space formulation, 171
integral, 8
Surface, image, 638
SVD, see Singular value decomposition (SVD)
SVD/SGK convolution, 242
SVD pseudoinverse, 359
Symmetric region growing, 592

Template
edge detector, 484
gradient, 484
matching, 651
region, 665
Temporal averaging, 374
Texture
artificial, 545
coarseness, 545
definition of, 545
features, 555
natural, 546
segmentation, 611
visual discrimination of, 547
Texture features
autocorrelation, 556
decorrelation methods, 558
dependency matrix, 563
edge density, 556
Fourier spectra, 556
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Gabor filter, 571
microstructure, 566
singular value decomposition, 574
transform and wavelet, 573
Texture fields
Julesz, 548
Pratt, Faugeras and Gagalowicz, 551
stochastic, 547
Thickening, 441
Thinning, 434, 647
Thinness ratio, 630
Threshold selection, 486
Thresholding
bi-level, 580
Laplacian, 582
multilevel, 582
Time average, 5
Toeplitz matrix, 155
Topological attributes, 623
Trace, matrix, 740
Transfer function generation, 233
Transform
coefficient features, 542
domain
convolution, 224
processing, 217
superposition, 220
Translation
image, 388
three-dimensional, 408
Translational misregistration detection
basic correlation method, 665
phase correlation method, 671
sequential search method, 671
statistical correlation method, 667
two-state methods, 670
Transmissive object, 23
Transmissivity, 23
Transpose, matrix, 695
Trend, 209
Trichromatic theory, 29
Tridiagonal matrices, 202
Tri-filter camera, 120
Tristimulus values
calculation of, 57
definition of, 50
transformation, 61
Truncated pyramid operator, 480
Tuple, 705
Two-dimensional
basis function, 192
system, 5
Two’s complement, 135
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Undercolor removal, 75
Underdetermined
equations, 349
matrix, 349, 745
model, 326
Undersampled, 95
Uniform
chromaticity scale, 69
probability density, 16
quantizer, 131
Union, 424
Unitary
matrix, 191
transform
definition of, 189
series formulation, 189
separable, 190
vector space formulation, 191
Unsharp masking, 286
UVW Uniform Chromaticity Scale color
coordinate system, 69
U*V*W#* color coordinate system, 71

Valley, 594
Value bounds object, 710
Variance
definition of, 17
function, 153
Gaussian density, 15
matrix, 154
Vector
algebra, 732
definition of, 737
differentiation, 742
inner product, 741
median filter, 293
norm, 741
outer product, 742
rank operator, 529
space image representation, 147
Video color spaces, 76
Vision models
color, 39
logarithmic, 36
monochrome, 33
verification of, 55
Visual phenomena, 29
Voroni
diagram, 626
tesselation, 625

Wallis

operator, 282

statistical differencing, 282
‘Walsh functions, 206
Warping

polynomial, 400

spatial, 400
‘Watershed

definition of, 594

segmentation, 593
Wavelet

de-noising, 284

first-level Haar, 209

matrix, 208

transform, 208, 210
‘Weber fraction, 30
‘Whitened, 663
‘Whitening

filter, 558, 658

matrix, 663, 668
‘White reference, 49
Wide range scaling, 257
Wiener

estimation, 365, 404

filter, 338
Wien’s law, 46
Windowing functions, 235
‘Window-level transformation, 249
Window region, 665
‘Within class scatter matrix, 589
‘World coordinates, 390
Wraparound error, 227

XYZ color coordinate system, 67

YCbCr CCIR Rec. 601
transmission color coordinate system, 82

YIQ NTSC transmission color coordinate
system, 80

YUV EBU transmission color coordinate
system, 81

Zernike moments, 643
Zero crossing, 471, 476
Zero padding, 228
Zonal filter
high-pass, 238
low-pass, 237
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