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A
Accumulative difference images
~ (ADIs), 779-780
Achromatic (monochromatic) light,
45,396
Acoustic imaging, 20-22
Acquisition. See Image acquisition
Adaptive context dependent
probability, 550-551
Adaptive filters. See Spatial filters
Additive cost functions, 515
Additivity, 73, 344
Adjacency of pixels, 68-69
Affine transformations, 87-89. See
also Geometric
transformations
Aggregation of fuzzy sets, 182, 185
Aliasing, 217-219, 228-235
filtering and, 218, 229
image interpolation and
resampling and, 230-233
moiré patterns and, 233-235
spatial, 229
temporal, 229
Alpha-trimmed mean filter, 327-330
Analysis filter banks, 470, 503-504
Analysis trees, wavelet packets, 510-514
Anti-aliasing, 218, 229
Approximation coefficients,
472,486,489
Approximation pyramids, 464-466
Arithmetic coding, 548-551
Arithmetic logic unit (ALU), 29
Arithmetic mean filter, 322
Arithmetic operations, 74-80
Array operations, 72-73
Autocorrelation, 353
Autocorrelation matrix, 599
AVS compression, 538, 541

B
Back propagation, neural network
training by, 892-899
Background, 70, 83
Backprojections, 363-365
fan-filtered, 381-387
filtered, 375-378, 381-387
halo-effect blurring from, 363-365
parallel-beam filtered, 375-381
Band-limited functions, 214-217,
227-228
Bandpass filters, 294, 336, 390
Bandreject filters, 294, 335, 390
Bartlane cable system, 3-4
Basis functions, 477, 567, 570-571
DCT, 569
Haar, 474
series expansion using, 477
Walsh-Hadamard, 568

Basis images. See Basis functions
Bayes
classification, 874-882
classifier, 873
decision function, 874-876
decision rule, 742
formula, 744
Bidirectional frames (B-frames), 590
Binary images, 68, 628
border following, 796
boundary of, 70
compression of, 554, 562
logical operations on, 83
morphological operations on,
628-664
segmentation and, 443, 696, 726, 774
Binary trees, 510
Biorthogonality, 470
Bit-plane coding, 562-566
Bit-plane slicing, 117
Bit rate, 537
Bits, 30, 58-59, 60
Blind
deconvolution, 346
spot, 37
Block matching, 590-591
Block transform coding, 566584
bit allocation for, 574-579
JPEG compression and, 579-584
selection of transform for, 567-573
subimage size and, 573-574
threshold implementation, 577-579
zonal implementation, 576-577
Blurring. See Filtering
BMP compression, 538, 541, 554
Border 70. See also Boundary
clearing, 663-664
following, 796-798
inner, 70
outer, 70
Bottom-hat transformation, 672-674
Boundary. See also Border,
Regional descriptors
definition, 70
chain codes, 798
curvature of, 815-816
decomposition of, 810-812
description, 815-822
detection of for segmentation,
725-738
diameter, 815
eccentricity of, 815
edge linking and, 725-738
extraction, 189, 642-643
following, 796-798
Fourier descriptors for, 818-821
length, 815
Moore boundary tracking
algorithm, 796-797
pixels, 70-71

polygonal approximation, 801-808
representation, 795-815
segments, 810-812
signatures, 808-810
shape numbers of, 816-817
statistical moments of, 821-822
Brightness, 3943, 45, 396, 398
adaptation of human eye, 39-43
chromatic light and, 45, 396
color image processing and, 396, 398
subjective, 39-40
Butterworth filters
bandpass, 294, 336
bandreject, 294, 335
highpass (BHPF), 284285
lowpass (BLPF), 273-276, 351
notch, 295, 337
sharpening using, 284-285
smoothing using, 273-276

C
Canny edge detector, 719-725
Cartesian product, 57, 181, 665
CAT. See Computed tomography
Cataracts, 37
CCD arrays, 38, 50, 59, 313, 392, 451
CCITT, 538
CCITT compression, 556-559
Chain codes, 798-801
Chessboard distance, 71
Chromatic (color) light, 45, 396
Chromaticity diagram, 399-400
City-block distance, 71
Classifiers
Bayes, 874-882
minimum distance, 866-869
neural network, 882-902
optimum statistical, 872-882
probability and, 873-874
structural, 903-906
Closing, 635-639, 668-670, 677
gray-scale morphology and,
668-670,677
morphological operation of, 635-639
reconstruction, by, 677
CMY color model, 402, 406407
CMYK color model, 402, 407
Code. See also Compression
arithmetic, 548-551
block, 543
CCITT makeup, 912
CCITT terminating, 911
Elias gamma, 547
Golomb, 544-548
Gray, 563
Huffman, 542-544
JPEG default AC, 913-914
JPEG default DC, 913
instantaneous, 543
length, 527
943
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Code (cont.)
MH (Modified Huffman) coding,
555
MMR (modified modified
READ), 556
MR (modified READ), 556
natural binary, 528
READ (relative element address
designate), 556
Rice, 545
symbols, 527
unary, 544
uniquely decodable, 543
variable-length, 529
words, 527
Codec, 536
Coding, 466-473, 527, 528-530, 540,
542-614. See also Compression
methods for image compression,
540, 542-614
redundancy, 527, 528-530
subband, 466473
symbol-based (or token-based),
559-562
Cohen-Daubechies-Feauveau
biorthogonal wavelets, 518-519
Color
fundamentals, 395
gamut, 400
models, 401414
safe browser, 404
safe RGB, 404
safe (Web), 404
Color image processing, 394460
chromaticity diagram, 399-400
color corrections, 433
color “gradient,” 449
CMY model, 402, 406407
CMYK model, 402, 407
color slicing, 431
compression and, 454-455
edge detection, 447
full-color processing, 394, 424426
histogram processing, 438
HSI model, 402, 407-414
intensity slicing, 415
intensity to color, 418
models for, 401-414
noise in, 451-454
pseudocolor, 394, 414-424
RGB model, 401-402, 402-406
segmentation, 445450
sharpening, 442443
smoothing in, 439-442
transformations in, 426439
trichromatic coefficients, 399
Color transformations, 426439
color circle for, 430
color management systems (CMS)
for, 433-437
complements, 430431
corrections to color and tone,
433-437

formulation for, 426-429
histogram processing for, 438-439
profiles for, 433434
slicing, 431433
tonal range for, 434436
Commission Internationale de
I’Eclairage (CIE), 397,
399-400, 434
Compact support, 481
Complex numbers, 202-203
Compression, 27, 454455, 525626
arithmetic coding, 548-551
bit-plane coding, 562-566
block transform coding, 566-584
BMP, 554
CCITT, 555-559
coding redundancy, 527, 528-529
color images, 454455
containers for, 538-540, 541
fidelity criteria, 534-536
formats for, 538-540, 541
fundamentals of, 526-540
Golomb coding, 544-548
Huffman coding, 542-544
irrelevant information and, 527,
530-531
JBIG-2, 561-566
JPEG, 579-584
JPEG-2000, 607-613
Lempel-Ziv-Welch (LZW) coding,
551-553
mapping and, 530, 537-538
measuring information for, 531-534
methods of, 540, 542614
models for, 536-538
MPEG-4 AVC (or H.264), 594-596
predictive coding, 584-603
quantization and, 531, 537-538,
596-598, 602-603
ratio, 526-527
run-length coding, 553-559
spatial redundancy, 527, 529-530
standards for, 538-540, 541
symbol-based coding, 559-562
temporal redundancy, 527,
529-530
wavelet coding, 604614
Components of image processing
system, 28-30
Computed tomography (CT), 6,11,
49,312,362-387
Computerized axial tomography
(CAT). See Computed
tomography
Connected component
definition, 69
description, 823-827
extraction of, 645-647, 685
segmentation, 764,772
Connected pixels, 69
Connected set, 69
Constrained least squares filtering,
357-361

Containers for image compression,
538-540, 541
Continuous wavelet transform
(CWT), 491493
scale and translation in, 491
admissibility criterion, 491
Contour. See Border, Boundary
Contraharmonic mean filter, 323-325
Contrast, 2, 58, 78,97, 120, 186, 847.
See also Enhancement
local, 758
medium, 77,117
measure of, 828, 832-834
simultaneous, 41
stretching, 106,115,116
Control points, 90
Convex hull
definition, 647
extraction, 647-649
for description, 810-812
Convex deficiency, 647
Convolution
by digital filtering, 467
circular, 223,249
filter, 150
integral, 345
kernel, 150
mask, 150
spatial continuous, 209-10,411
spatial discrete, 146-150
theorem, 210, 249, 254, 263, 345,
379,789, 870
Co-occurrence matrix, 830-836
Correlation
circular, 254
coefficient, 620, 870
descriptor, 831, 834
matching by, 869-872
spatial, 146-150
theorem, 255
Cross-modulation, 470
CT. See Computed tomography
Cutoff frequency, 270

D
Dam construction for watersheds,
772-774
Data compression, 526. See also
Compression
Dead zones, 607
Decimation, 231
Decision function, 866
Decision surfaces, complexity of,
899-902
Decoding, 536, 538
Huffman coding and, 543
image decompression and, 536,
538
inverse mapper for, 538
symbol decoder for, 538
Decomposition, 515-518, 606-607
boundary segments from,
810-812



level selection for wavelet coding,

trees in wavelet packets, 515-518
wavelets and, 515-518, 606-607
Defense Meteorological Satellite
Program (DMSP), 15
Defuzzification, 182183, 185
Degradation. See also Restoration
estimating, 346-350
linear, position-invariant, 343-346
model of, 312-313
Delta modulation (DM), 597-598
Denoising, 312, 508
Derivative. See also Gradient,
Laplacian
first order, 158-160, 693
second order, 158-160, 693
Description, 815-855
area, 815
basic rectangle, 815
boundary, 815
circularity ratio, 822
compactness, 822
diameter, 815
eccentricity, 815
Euler number, 823
Fourier descriptors, 818
moment invariants, 839
perimeter, 822
principal components, 842
regional. See Regional descriptors
relational, 852
shape numbers, 816
statistical moments, 821
texture, 827-839
topological, 823
Denoising, 508
Detail coefficients (horizontal,
vertical, and diagonal), 472,
486, 489
Differential pulse code modulation
(DPCM), 599-602
Digital
filter. See Filters
image, definition of, 1
Digital image processing. See also
Image
defined, 1-3
fields of, 7-25
fundamentals of, 35-103
high-level processes of, 2
history of, 3-7
origins of, 3-7
sensors for, 28, 46-51
steps in, 25-28
Digital signal filtering, 466469
Digital signal processing (DSP),
466469

Digital Video Disks (DVDs),
525-526

Digitizer, 28, 48

Dilation. See Morphological image
processing

Dilation equation, 482
Discrete cosine transform (DCT),
569. See also JPEG
compression
Discrete Fourier transform (DFT)
average value, 246, 253
circular convolution. See
Convolution
circular correlation. See
Correlation
derivation of, 202-213
Fast Fourier Transform (FFT),
299-303
implementation, 298-303
padding, 251-253
pair, 1-D, 236
periodicity of, 237-239
phase angle, 245, 253
polar representation, 253
properties, 236-253
separability, 254
spectrum, 207, 226, 245,253
symmetry properties, 242
two-dimensional, 235-236
zero padding, 251-252
wraparound error, 250
Discrete wavelet transform (DWT),
488-490, 502. See also
Wavelets
Discriminant (decision) analysis,
862-863, 866
Distance measures, 71-72, 92-93,
445,762-763, 809, 815,
866-869, 877,903
Dots (pixels)
per inch (DPI), 59, 234, 559
per unit distance, 59
Downsampling, 464465
DPI, 59,234, 559
DV compression, 538, 540
Dynamic range, 57-58

E
Edge. See also Edge detection
color, 447-450
definition, 70
direction, 706
enhancement, 157-168, 280289,
671
gradient, 165, 449, 601, 671, 706
linking, 725-738
magnitude, 165-166, 706
map, 711
models, 700-706
noise sensitivity, 704-705
normal, 707
operators, 708
ramp, 159, 693, 702
roof, 693, 702
step, 159, 693, 702
types, 158-160, 694
unit normal, 707

B Index 945

wavelet transform and, 504-505,

507-508
zero crossing, 159, 703, 717

Edge detection, 447450,

700-725. See also Edge
boundary detection, 725
Canny edge detector,

719-725
derivatives, 158-162, 693-694
edge linking, 725-738
false negative, 722
false positive, 722
gradient, 165, 449, 601, 671,

706-714. See also Gradient
gradient and thresholding, 713
hysteresis thresholding, 722
Laplacian of Gaussian (LoG),

715
Marr-Hildreth edge detector,

714-719
models for, 700-706
nonmaxima suppression, 721
Prewitt edge detector, 708-710,

787
ramp edges, 693-695, 700
Roberts detector, 167, 708
roof edges, 693, 701-702
Sobel edge detector,

166-168, 708-710, 788
spaghetti effect, 717
spatial filters and, 695
step edges, 693-695, 700
wavelet-based, 507-508

Electromagnetic (EM) spectrum, 2,
7-20,43-46
gamma radiation, 8-9, 45-46
imaging in, 7-20
importance of, 2
infrared regions, 12-18, 46
light and, 4346
microwave band, 18-20, 45, 46
radio band, 20, 45, 46
source of image from, 7-8
units of, 44, 45
visible band, 12-18, 4445
X-rays, 9-11,45-46
Electron beam computed
tomography, 367
Electron microscopy, 7, 20, 46, 115,
142,256
Elias gamma codes, 547
Encoding, 536, 537, 553-555. See also

Compression
image compression and, 536, 537
mapper for, 537
quantizer for, 537
run-length (RLE), 553-555
symbol coder for, 537

Empty set, 80
Enhancement
adaptive, 128, 330, 332
contrast enhancement, 113, 127,
128,186, 289, 310
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Enhancement (cont.)
contrast stretching, 106,115,116
combined methods, 169-173
defined, 25, 107,201
frequency domain, 257-298
fuzzy techniques for, 186-191
homomorphic filtering, 289
image averaging, 75
image subtraction, 77
histogram processing for, 120-144
intensity transformations, 107-119
local, 139, 142, 330, 332
median filter, 156, 195, 326, 332, 389
order statistic filters, 156, 325
sharpening, 157,280
smoothing 75, 152,269
spatial filters, 144-168
Entropy, 532-533
Erlang (gamma) noise, 315-316
Erosion. See Morphological image
processing
Estimating the degradation function,
346-350
Euclidean
distance, 92. See aiso Distance
measures
norm, 92
Expansions, 477-486, 486488
basis functions of, 477
biorthogonal, 478
coefficients of, 477
multiresolution analysis (MRA),
4717,481-482
orthonormal, 478
overcomplete, 478
scaling functions, 477, 479-483
series, 477479, 486488
wavelet functions for, 483486
wavelet series, 486488
Exponential Golomb codes, 547
Exponential noise, 316

F
False color. See Pseudocolor
False contouring, 63,100, 119, 623
Fan-beam filtered backprojections,
381-387
Fast Fourier transform (FFT). See
Discrete Fourier transform
Fast wavelet transform (FWT),
493-501, 502-505, 510-519
analysis filter banks, 495496,
503-504
image compression using,
604-613
inverse, 498-500
multi-resolution processing using,
493-501, 502-505
synthesis filter banks, 499-500,
503-504
time-frequency tiles, 500-501

two-dimensional, 501-505
wavelet packets for, 510-519
FAX, 555
Feature selection. See Description
Fidelity criteria, 534-536
Fiducial marks, 95
Filters
deconvolution, 346
frequency domain. See Frequency
domain filtering
kernels, 145. See also Spatial filters
finite impulse response (FIR),
264,468
Hamming window, 377
Hann window, 377
reconstruction, 217
spatial. See Spatial filters, Spatial
filtering
transfer function, 257
zero-phase-shift, 262
Filter banks, 469471
Filters, digital, 466473
biorthogonal, 470, 518-519
coefficients, 468
Cohen-Daubechies-Feauveau
biorthogonal coefficients, 518
convolution and, 467
Daubechies 8-tap orthonormal
coefficients, 472
filter banks, 469471
filter taps, 468
finite impulse response, 468
FIR, 468
Haar coefficients, 497
impulse response, 468
JPEG-2000 irreversible 9-7, 609
modulation in, 469
order of, 468
order reversal in, 469
orthonormal, 471-472, 497, 507
perfect reconstruction, 470
prototypes, 471
sign reversal in, 468
symlet (4th order orthonormal)
coefficients, 507
Filter banks, 469-471
FWT analysis, 495-498, 511
FWT synthesis, 499-500
wavelet packet analysis, 513
Filtering
frequency. See Frequency domain
filtering
spatial. See Spatial filtering
Finite impulse response (FIR) filters,
264, 468
Fixed increment correction rule, 886
Fluorescence microscopy, 11-12
Foreground, 70, 83
Formats for image compression,
538-540, 541
Forward mapping, 87
Fourier descriptors, 813-821

Fourier series, 200-201, 203
Fourier-slice theorem, 374-375
Fourier spectrum, 109-110, 206-207,
245-249
log transformations and, 109-110
phase angle and, 245-249
plot of frequency of, 206-207
Fourier transform 205-255
continuous, 205, 226
convolution. See Convolution
discrete. See Discrete Fourier
transform
Fast Fourier transform (FFT). See
Discrete Fourier transform
history of, 200-201, 304
pair, 95, 205, 210, 222, 226, 236, 870
power spectrum, 245
sampling and, 211-220, 227-235
Fractal images, 24-25
Frame buffers, 30
Freeman chain code, 798-801
Frequency domain, 199-310, 782-785
additional characteristics,
255-257
aliasing. See Aliasing
convolution. See Convolution
discrete Fourier transform (DFT).
See Discrete Fourier transform
fast Fourier transform (FFT). See
Discrete Fourier transform
filtering. See Frequency domain
filtering
Fourier series, 200-201, 203
Fourier spectrum, 245-249
Fourier transform. See Fourier
transform
impulse. See Impulse
motion in segmentation, 782-785
sampling. See Sampling
sifting property. See impulse
Frequency domain filtering, 255-298.
See also Spatial filtering
bandpass filters, 294-298, 335-340
bandreject filters, 294-298, 335-340
box fiiter, 207
Butterworth filters, 273-276,
284-285,294-297, 335-338, 351
correspondence with spatial
filtering, 263,269
fundamentals of, 257-263
Gaussian filters for, 258-259,
265-269,276-277,285-286,
294-297,335-338
highboost filters, 288
high frequency emphasis, 288
highpass filters for, 258, 281-286
homomorphic filters, 289-293
ideal filters, 216-217, 228, 260-262,
269-273,277,281-285, 294,
335-338
Laplacian, 286-288
lowpass filters, 217,258, 269-281



notch filters, 294-298, 335-340
sharpening, 281-293
smoothing, 269-281
steps, 263
unsharp masking, 288
Frequency intervals, 223-224
Frequency spectrum. See also
Spectrum
FWT, 496, 511
subband coding, 469
wavelet packet, 513-514
Front-end subsystem, 29
Full-color image processing, 394,
424426
Functionally complete, 83
Fuzzy sets, 8485, 173-191
aggregation of, 182, 185
color fuzzified by, 178-186
definitions for, 174-178
defuzzification of, 182-183, 185
implication of, 179-182, 185
intensity transformations and,
186-189
membership (characteristic)
functions, 84, 173-178
principles of theory, 174-178
set operations of, 84-85,173-174
spatial filtering and, 186-191
use of, 178-186, 186-189, 189-191

G

Gamma

correction, 111-113

noise. See Noise
Gamma-ray imaging, 8,21, 47
Gaussian filter

frequency. See Frequency domain

filtering

spatial. See Spatial filtering
Gaussian noise. See Noise
Gaussian pattern class, 874-882
Gaussian pyramid, 464
Geometric mean filter, 323, 361-362
Geometric transformations, 87-92

Affine, 87

control points, 90

identity, 88

rotation, 88

scaling, 88

shearing, 88

tie points, 90

translation, 88
GIF compression, 538, 541, 551
Global thresholding. See

Thresholding

Golomb codes and coding, 544-548
Golomb-Rice codes, 545

Gradient, 165-168, 447-451, 671-672,

706-714
color segmentation, 447-451
edge detection, 706-714

edge normal (vector), 707
edges, 168, 447-451
first-order derivatives, as, 165-168
gray-scale morphology, 671-672
morphological, 671
operators, 166-168, 447-451,
707-712
Prewitt operators, 709-710
properties of, 706-707
Roberts operators, 166-167,
708-708
sharpening, 165-168
Sobel operators, 166-168, 709-710
thresholding, combined with,
713-714
Granular noise, 598
Granulometry, 674675
Gray level, 1, 45, 52, 106. See also
Intensity
Gray level co-occurrence matrix,
830
Gray scale, 45, 52. See also Intensity
Gray-scale morphology, 665-679. See
also Morphological image
processing
bottom-hat transformation, 672-674
closing, 668-670, 677
dilation, 666-668, 676-677
erosion, 666-668, 677
gradient, 671-672
granulometry, 674-675
opening, 668-670, 677
reconstruction, 676-679
smoothing, 670-671
textural segmentation, 675-676
top-hat transformation, 672674

H
Haar transform, 474477
Halftone dots, 234-235
Hamming window, 377
Hann window, 377
Harmonic mean filter, 323
HDYV compression, 538, 541
Heisenberg cells/boxes, 500
Heisenberg uncertainty principle, 500
Hertz (Hz), 44
High definition (HD) television, 526
High-frequency-emphasis filtering,
288-289
Highboost filtering, 162-165,
288-289
Highpass filters
frequency. See Frequency domain
filtering
spatial. See Spatial filtering
HSI color model, 402, 407414,
443445
conversion from RGB, 410411
conversion to RGB, 411413
manipulation of images, 413-414
plane concept of, 408-410

® Index 947

segmentation, 443-445
uses of, 407
Histogram processing, 120-144,
438439
definition, 120
color transformation using,
438-439
equalization, 122-128
global, 120-138
intensity transformation, 122, 126
inverse transformation, 122,128
local, 139-144
matching (specification), 128-138
normalized, 120)
probability density function
(PDF) for, 123-125
statistics, use of, 139-144
Hit-or-miss transformation, 640-641
Hole filling, 643645, 660, 662663, 685
Homogeniety, 73, 344, 832
Homomorphic filtering, 289-293
Hough transform, 733-738
Hue, color image processing and,
398-399,407414
Huffman coding, 542-544
Human eye, see Visual perception
H.261, H.262, H.263, and H.264, 538,
540, 594-596

Ideal filter. See Frequency domain
filtering
IEC, 538
Hlumination, 51-52, 740~741
correction, 78-79, 672-673,
756,761
eye response, 17,37, 40
image model, in, 51-52, 289-293
nonuniform, 78-79, 672-673,
741,756,
segmentation and, 740-741
source, 46-50
standard, 434, 608
structured light, 17
Image
acquisition, 46-50
analysis, 2
blur, 347-350
color processing, 394-460
compression. See compression
deconvolution, 346
element. See Pixel
enhancement. See Enhancement
filtering. See Filtering
formation model, 50, 289
illumination. See illumination
intensity. See Intensity
interpolation. See Interpolation
morphology. See Morphological
image processing
pixel. See Pixel
reflectance, 51, 289
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_Image (cont.)
registration, 75, 89, 779, 842
resampling, 65, 230, 617,799
restoration. See Image restoration
rotation. See Geometric
transformations
scaling. See Geometric
transformations
segmentation. See Segmentation
sensing, 7-25,46-50 -
sensors, 46-50
shearing. See Geometric
transformations
translation. See Geometric
transformations
zooming, 65, 87,230
Image compression standards, 538-541
Image file formats and image
containers, 538-541
Image information, 531-534
Image pyramids, 463-466
Image transforms. See Transforms
Imaging modalities, 8-25
Implication in fuzzy sets, 179-182, 185
Impulse
continuous, 203-204, 225-226
discrete, 147-149, 225-226
noise, 156-157,316-318
response, 264, 344-345,347, 468,
472,609
sifting property of, 203-205,
225-226,468
train, 204-205, 208-209, 228
unit discrete, 147-149, 204, 225-226
Independent frames (I-frames), 589
Information theory, 532-534
Infrared, 7, 12,21, 44, 77,396, 418, 422,
690, 823,827,846, 879
Intensity, 1,45, 59-65
fuzzy techniques, 173, 186-189
mean, 140. See also Moments
mapping, 542, 87-89, 106-144, 426
quantization, 52-54
scale, 52
scaling, 79-80
statistical descriptors, 96-97,
139-144
transformations, 85, 105-144
thresholding, 738-763
transformations, 106-144
variance, 140. See also Moments
Intensity transformations, 106
bit-plane slicing, 117
contrast stretching, 106,115,116
gamma, 110
histogram equalization, 120-128
histogram matching, 128-138
histogram specification, 128-138
intensity-level slicing, 115
local, 139-144
log, 109
negative, 108

piecewise linear, 115
power law, 110
Interpolation, 65-68, 87-91, 220,
230-233, 463, 540, 593
bicubic, 66 ’
bilinear, 66
nearest neighbor, 65-66
resampling (shrinking and
zooming) images by, 65-68
Inverse filtering, 351-352
Inverse Fourier transform. See
Fourier transform, Discrete
Fourier transform
Inverse mapping, 87
Inverse transforms. See Transforms
Invisible watermarks, 616-620
ISO, 538
Isopreference curves, 64
Isotropic filters, 160
ITU-T, 538

J
Jaggies, 232
JBIG compression, 538, 539
JBIG2 compression, 538, 539, 561-562
JPEG compression, 538, 539, 579-584,
607-614
block transform coding for, 579-584
JPEG-2000 standard, 607-614
wavelet coding for, 607-614
JPEG-LS compression, 538, 539, 550
JPEG-2000 compression, 538, 539,
607-613
components, 608
derived vs. expounded
quantization, 611
irreversible component transform,
608
lifting-based wavelet transforms,
609
tile components, 609

LANDSAT satellite, 14, 784, 826
Laplacian
defined, 160
color, 442
convolution using, 789
combined with gradient, 169, 750
decomposition, 790
frequency domain, 255,286, 307-308
isotropic property, 197,699
of Gaussian (LoG), 715,789
operators, 161
PDF, 588
pyramid, 466
restoration for, 358
scaling, 162
sharpening with, 162-163, 287
thresholding for, 696-699,714,
749-753
zero crossing, 159,703,717

Large scale integration (LI), 5
Least-mean-square (LMS) delta
rule, 887
Lempel-Ziv-Welch (LZW) coding,
551-553
Light, 43-46, 395-401. See also
Electromagnetic (EM)
spectrum
absorption of, 396-397
achromatic, 396
chromatic, 396
color image processing and, 395-401
microscopy, 13
monochromatic, 45
vision and. See Visual perception
EM spectrum visible band for,
43-46,395-396
primary and secondary color of,
397-398
Line detection, 697-700
Line pairs
per mm, 59
per unit distance, 59
Linear
convolution. See Convolution
correlation. See Correlation
FIR filters, 264
frequency domain filters, 250
masks, 150
motion, 349, 366
operations, 73-74, 254,343-346
transforms, 93
spatial filters, 145,150
system, 203, 312, 343-346
Linearly separable classes, 886-887
Live image, 77
Lloyd-Max quantizer, 603
Log transformations, 109-110
Logical operations, 83-84
Lossless predictive coding, 584-589
Lossy predictive coding, 596-599
Lowpass filters
frequency. See Frequency domain
filtering
spatial. See Spatial filtering
LSB watermarks, 616
Luminance, chromatic light and, 45,
396
LZW coding. See Lempel-Ziv-Welch
(LZW) coding

M

Mach bands, 41,42

Macroblocks, 589

Magnetic resonance imaging (MRI),
20, 50,90,113,368

Mabhalanobis distance, 763. See also
Distance measures

Mallat’s herringbone algorithm, 493

Mapper, 537

Mapping, 87-88, 132-133, 135-136,
530, 537-538. See also Intensity
mapping



decoding (decompression) and,
538

encoding (compression) and, 537
forward, 87-88
histogram processing and,
132-133,135-136
inverse, 88, 538
Markers
morphological reconstruction for,
656-664, 676677
thresholding, 750
watersheds for, 776-778
Markov sources, 534
Marr-Hildreth edge detector, 714-719
Masks. See also Spatial filters
definition, 106
masking function, 571
threshold, 577
unsharp masking and, 162-165
Mask mode radiography, 77
Matching, 866-872, 903-906
block, 590-591
correlation, by, 869-872
minimum distance classifier
method, 866-869
shape numbers, 903-904
strings, 904-906
Matrix operations, 56, 72-73, 92-93
array operations versus, 72-73
notation for pixels, 56
vector operations and, 92-93
Max filters, 152, 326
Mean absolute distortion (MAD), 590
Mean filters. See Spatial filters
Mean of intensity. See Moments
Mean pyramid, 464
Mean square error (MSE)
filtering in, 352-357
measure, 354
Medial axis transformagion (MAT),
812-813
Median filters, 156-157, 326, 389
adaptive, 332-335
upddting, 196
Membérship (characteristic)
functions, 84, 173-178
Mexican hat
operator, 715
wavelet, 492
Micron, 44
Microdensitometer, 48
Microwave, 7, 18, 44, 418
Midpoint filter, 327
Min filter, 157, 327
Minimum distance classifier, 866-869
Minimum-perimeter polygon (MPP),
801-807
Minkowsky
addition, 683
subtraction, 682
M-JPEG, 538, 541
Modified Huffman (MH) coding, 555

Modified READ (MR) coding, 556
Modified Modified READ (MMR)
coding, 556
Modulation, 469
Modulation function, 341
Moiré€ patterns, 233-235, 296
Moments
statistical, 96-97, 821, 828, 859, 863
invariant, 839-842
Monochromatic (achromatic) light,
45,39
Moore boundary tracking algorithm,
796-797
Morphological image processing,
627-688
alternating sequential filtering,
670
binary images, summary, 662-664
black top-hat, 672
border clearing. See
Morphological reconstruction
bottom-hat transformation, 672
boundary extraction, 642-643
closing, 635-369, 668-670
connected components, 645-647
convex hull, 647-649
dilation, 633-635, 656659,
666-668

erosion, 630-633, 635, 656659,
666—-668

filtering, 627, 633, 638, 670, 687

gradient, 671

granulometry. 674

gray-scale, 665-680

hit-or-miss transformation,
640-641

hole filling, 643-645, 662-663

opening, 635-639, 659, 662,
668-670

operations summary of, 662-664

preliminaries, 628-630

pruning, 654-656

reconstruction. See Morphological
reconstruction

reflection of sets in, 628

set operations for, 80-84, 628-630

shading correction, 673

skeletons, 651-654. See also
Skeletons -

smoothing, 670

structuring element, 629

textural segmentation, 675

thickening, 650651

thinning, 649-650

top-hat transformations, 672, 677

translation of sets in, 629

white top-hat, 672

Morphological reconstruction,

656664, 676-679

border clearing and, 663-664

dilation by, 658-659, 676677

erosion by, 658-659, 677
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geodesic dilation and erosion,
656659, 676-677
gray-scale images and, 676679
hole filling and, 662-663
opening by, 659, 662, 677
top-hat by, 677
Motion compensation, predictive
coding and, 589-596
Motion estimation, 590-594
Motion in segmentation, 778-785
accumulative difference images
(ADIs), 779-780
frequency domain techniques for,
782-785
reference images, establishment
of, 781-782
spatial techniques for, 778-782
Moving averages for thresholding,
759-761
MPEG-1, MPEG-2, MPEG-4 (AVC),
538, 540, 594-596
MQ-coder, 550
Multilayer feedforward neural
networks, 819-902
Multiresolution analysis (MRA ), 477,
481482
requirements for, 481-483
Multiresolution processing, 461-524
expansions, 477-486
Haar transform, 474-477
image pyramids, 463-466
MRA equation, 482
multiresolution analysis (MRA),
477,481-482
scaling functions, 477, 479483,
501-502
series expansions, 477-479, 486488
subband coding, 466473
theory of, 461462
wavelets and, 461-524
Multispectral imaging, 14-15, 92, 422,
826, 846-849, 879-881

N
Nanometer, 44
Negative images, 82, 85, 108-109
Neighborhood
definition, 68
operations, 85-87, 105-106, 145-169
Neighbor
of a pixel, 68
nearest, 66, 87-89, 220, 230. See
also Interpolation
types, 68-69
Neural networks, 882-902
algorithms for, 886889
back propagation, training by,
892-899
background of, 882-883
decision surfaces, complexity of,
899-902
multilayer feedforward, 819-902
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Nanometer, (cont.)
perceptrons for, 883885, 886889
training (learning) process for,
882-902
training patterns, 882
N-largest coding, 577
Noise 53, 58,139
bipolar, 316
color images in, 451
data-drop-out, 316
Erlang, 315
exponential, 316
gamma, 315
Gaussian, 76,314
impulse, 156,316
models, 313
parameter estimation, 319
periodic, 297, 318-319, 335
power spectrum, 353
probability density functions
(PDF),314-319
Rayleigh, 314
reduction, 75. See also Filtering
salt-and-pepper, 156, 316
spatial and frequency properties
of,313-314
spike, 316
uniform, 316
unipolar, 316
white, 313, 354, 508, 720, 784
Noiseless coding theorem, 533
Nonlinear
filtering, 145, 152, 156, 165, 325,
330,870
operation, 73-74, 102
Nonseparable classes, 887-889
Notch filters. See Frequency domain
filtering
Null set, 80
Nyquist rate, 215. See also Sampling

0

Object recognition. See Patterns,
Recognition

Opening. See Morphological image
processing

Optical illusions, 42-43

Order-statistic filters. See Spatial
filters

Ordered pairs, 80. See also Cartesian
product

Orthonormality, 471

Otsu’s method. See Threshold,
Thresholding

P

Parallel-beam filtered
backprojections, 375-381

Parallel distributed processing (PDP)
models, 882

Patterns, 861-909

back propagation and, 892-899
class structure of, 861-865
classifiers, 866869, 872-882
decision surfaces and, 899-902
discriminant (decision) analysis
for, 862863, 865
Gaussian class, 874-882
linearly separabile classes, 886-887
matching, 866-872, 903-906
multiclass recognition, 889-902
neural networks and, 882-902
nonseparable classes, 887-889
object recognition and, 861-902
perceptrons and, 883885, 886819
recognition and, 861-909
training (learning), 882-902
vector generation for, 862-864
PDF, 538, 541, 563
Pel. See Pixel
Percentile, 157,326-327,751
Perceptrons, 883885, 886-819
Perfect reconstruction filters, 470-471
Periodic impulses. See Impulse train
Phase angle. See Fourier transform,
Discrete Fourier transform
Photoconverter, 47
Photodiode, 48
Photons, 7.45
Photopic vision, 37
Piecewise-linear transformation
functions, 115-119
Pixel
adjacency of, 68
array operations, 72
connected, 69
definition, 2, 56
distance between, 71
interpolation. See Interpolation
neighborhood operations, 85-87.
See also Spatial filtering
neighbors of, 68
path, 69
per unit distance, 59
relationships between, 68
single operation, 85
transformation. See Intensity
transformations
PNG compression, 538, 541,551
Point detection. See Segmentation
Point processing, 106-107
Point spread function, 345
Polygonal approximation, 801-807,
807-808
merging techniques, 807-808
minimum-perimeter polygons
(MPP), 801-807
splitting techniques, 808
Positron emission tomography (PET),
9,50, 90,293, 368, 388
Power-law (gamma) transformations,
110-115
Power spectrum, 245,353

Prediction errors, 584
Prediction residuals, 588
motion compensated, 589-595
pyramid, 464, 466
Predictive coding, 584-603
delta modulation (DM), 597-598
differential pulse code modulation
(DPCM), 599-602
lossless, 584-589
lossy, 596-599
motion compensation and,
589-596
optimal predictors for, 599-602
optimal quantization in, 602-603
prediction error for, 584-585,
599-602
Predictive frames (P-frames), 590
Previous pixel predictor, 586
Prewitt gradient operators. See
Spatial filters
Probability density function
(PDF), 123-125, 314-319,
873-882
Erlang, 315
exponential, 316
gamma, 315
Gaussian, 76,314,875
impulse, 156,316
parameter estimation, 319
Rayleigh, 314
salt-and-pepper, 156, 316
uniform, 316
Probability mass function (PMF), 545
Probability models, 550-551
Projections, image reconstruction
from, 362-387
Pruning. See Morphological image
processing
Pseudocolor image processing, 394,
414-424
intensity slicing for, 415418
intensity-to-color transformations,
418421
monochrome images and, 422-424
transformations of, 414-424

Q
Q-coder, 550
Quantization, 52-68, 531, 537-538,
596-598, 602-603, 607. See also
Sampling
dead zone, 607
intensity resolution and, 59-65
interpolation and, 65-68
Lloyd-Max quantizer, 603
mapping and, 531, 537-538
optimal, 602-603
predictive coding and, 596-598,
602-603
wavelet coding design of, 607
Quicktime, 538, 541



R
Radiance, chromatic light and, 45, 396
Radio band, 7, 20, 44, 279
Ram-Lak filter, 376
Random fields, 98
Radon transform, 366, 368-373
Ramp edges. See Edges
Rayleigh noise. See Noise
Recognition, 27-28, 861-909
Bayes classifier, 872-882
classifiers for, 866-869, 872-882
correlation, 869-863
correlation coefficient, 870-872
decision-theoretic methods for,
866-902
discriminant analysis, 862
feature selection, 863
learning, 861
matching and, 866-872, 903-906
minimum-distance, 866
neural networks for, 882-902
optimum classifiers, 872-874
patterns, 861-902
shape number matching, 903-904
string matching, 904-906
structural methods for, 903-906
Reconstruction, 217,219-220,
362-387, 656664, 677-680
backprojection, 363-365, 375-381,
381-387
computed tomography (CT),
365-368
fan-beam filtered backprojections,
381-387
filters, 217
Fourier-slice theorem for, 374-375
function, recovery of a, 219-220
gray-scale morphological,
677-680
image restoration by, 362-387
laminogram, 373
morphological, 656-664, 677-680
parallel-beam filtered
backprojections, 375-381
projections, from, 362-387
Radon transform for, 368-373
Ram-Lak filter, 376
Shepp-Logan phantom, 372
sinogram, 371
Redundancy, 526-530
coding, 527, 528-529
relative data, 526-527
spatial, 527, 529-530
temporal, 527, 529-530
Reference images, 89-91, 778-782, 784
Refinement equation, 482
Reflectance, 45, 51-52, 289-293,
740-741
Region
definition, 69
growing. See Region-based
segmentation

of interest (ROI), 78, 611, 643,
655,768
quadregions, 767
splitting. See Region-based
segmentation
descriptors. See Description
Region-based segmentation, 763-769
merging regions, 766-769
region growing, 763-766
splitting regions, 766-769
Regional descriptors, 822-842
area, 822
circularity ratio for, 822-823
compactness and, 822-823
contrast, 832-834
correlation, 832-834
entropy, 832-834
Euler number, 825
gray-level co-occurrence matrix,
830
homogeneity, 832-834
maximum probability, 832-834
moment invariants for, 839-842
perimeter, 822
principal components, 842
relational descriptors, 852
texture content of, 827-839
topological, 823-827
uniformity, 832-834
Registration, image, 75, 89, 779, 842
Relative Element Address Designate
(READ) coding, 556
Remote sensing, 14-15, 526, 871, 879
Representation, 27, 795-860
boundary (border) following,
796-798
boundary segments for, 810-812
chain codes for, 798-801
description and, 795-860
polygonal approximation,
801-807, 807-808
signatures for, 808-810
skeletons, 812-815
Resampling. See Image resampling
Reseau marks, 90
Restoration, 26, 311-393
blind deconvolution, 346
constrained least squares filtering,
357-361
deconvolution, 346
degradation functions, estimation,
346-351
degradation of an image,
311, 312-313, 343-346,
346-351
frequency domain filtering for
noise reduction, 335-343
geometric mean filter, 361-362
inverse filtering, 351-352
least square error filter, 353
linear, positive-invariant
degradations, 343-346

B Index 951

minimum mean square error
filtering, 352-357
noise models for, 313-321
noise reduction and, 322-335,
335-343
parametric Wiener filter, 362
reconstruction. See
Reconstruction
spatial filtering for noise
reduction, 322-335
spectrum equalization filter, 362
Wiener filtering, 352-357
RGB color models, 401-402, 402406,
410413, 445-447
conversion from HSI format,
411-413
conversion to HSI format, 410411
cube concept of, 402-406
safe colors, 404-406
segmentation and, 445-447
Rice codes, 545
Roberts cross-gradient operators,
166-167, 708-708
Robust invisible watermarks, 617
Roof edges, 693, 701-702
Root-mean-square (rms) error, 354,
534-536
Rubber-sheet transformations,
87-92
Run-length coding (RLE), 530,
553-559
Run-length pairs, 530, 553

S
Safe colors, 404406
Salt-and-pepper noise. See Noise
Sampling, 52-68, 211-220, 223-224,
227-23S. See also Quantization
aliasing, See Aliasing
basic concepts of, 52-54
decimation, 231
Fourier transform and, 211-220,
227-235
intensity resolution, 59-65
interpolation and, 65-68, 230~233
intervals, 223-224
jaggies, 232
moiré patterns from, 233-235
Nyquist rate, 215-216
one-variable functions, 211-220
reconstruction (recovery),
219-220,230-233
representing digital images by,
55-59
sensor arrangement and, 54
spatial coordinates (x, y) and, 52-68
spatial resolution, 59-65
super-sampling; 231
theorem, 213-217,227-228
two-variable (2-D) functions,
227-235
Saturation, 58, 298-399
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Scaling
geometric. See Geometric
transformations
intensity, 79-80
Scaling functions, 477, 479483, 501-502
coefficients of, 482
Haar, 480
separable 2D, 501
Scaling vectors, 482
Scanning electron microscope (SEM),
23,115,142,256
Scotopic vision, 37
Segmentation, 689-794
color, 443450
definition, 690
edge-based. See Edge detection
foundation, 690-695
frequency-based, 782-785
line detection, 697
motion and, 778-785
point detection, 696
region growing. See Region-based
segmentation
texture based, 769
thresholding. See Thresholding
watersheds. See Watersheds
Sensors, 28, 46-52, 54
acquisition and, 46-52
arrays, 50, 54
cooling, 76
image formation model for, 51-52
imaging component for, 28
sampling and quantization using, 54
single, 48
strips, 48-50, 54
Sequential baseline system, 580
Series expansions, 477479, 486488
Set operations, 80-83, 84-85, 628-630,
630635, 635-639. See also
Fuzzy sets
basics of, 80-83
closing, 635-369
crisp, 84
dilation, 633-635
erosion, 630-633, 635
fuzzy concept of, 84-85,173-191
morphological image processing
and, 628-630, 630635, 635-639
opening, 635-639, 668-670
Shading correction, 78-79, 673,741, 761
Shannon’s first theorem, 533-534
Shape numbers, 816-817, 903-904
Sharpening,. See Filtering
Shepp-Logan phantom, 372
Shrinking. See Image resampling
Sifting property. See Impulse
Signal-to-noise (SNR) ratios, 354, 535
Signatures, 808-810
Simultaneous contrast, 41-42
Single-pixel operations, 85
Skeletons, 651-654, 812-815

Slope overload, 598
Smoothing. See Filtering
SMPTE, 538
Sobel gradient operators. See Spatial
filters
Software for imaging, 29-30
Spatial coordinates, 1,55
Spatial domain
convolution. See Convolution
correlation. See Correlation
definition 55
image transform difference 93-94
filtering. See Spatial filtering
frequency domain
correspondence, 263
operations, 85-92
Spatial filters. See also Spatial filtering
adaptive local, 330-332
adaptive median, 332-335
alpha-trimmed, 327
arithmetic mean, 322
averaging, 152
contraharmonic mean, 323
defined, 106
generating, 151
geometric mean, 323
gradient, 165
harmonic mean, 323
highboost, 162
isotropic, 160
Laplacian, 160-163
lowpass, 152
max, 157, 326,
median, 156, 326
midpoint, 327
min, 157,326
order statistic, 156~157,325
Roberts, 167
sharpening, 157-168
smoothing, 152-157, 322
Sobel, 167
unsharp mask, 162
vector representation, 150
weighted average, 153
Spatial filtering, 104-198, 322-335
adaptive local, 330-332
adaptive median, 332-335
convolution and, 146-150
correlation and, 146-150
defined, 106
enhancement methods combined,
169-173
fundamentals of, 144-152
fuzzy techniques for, 173-191
linear, 145-155
masks. See Spatial filters
mechanics of, 145
noise reduction by, 322-335
nonlinear, 145, 155-157, 322-335
order-statistic, 155-157,325
sharpening, 157-168

smoothing, 152-157
vector representation of, 150-151
Spatial operations, 85-92
Spatial redundancy, 527, 529-530
Spatial resolution, 59-65
Spatial techniques for motion in
segmentation, 778-782
Spatial variables, 55
Spectrum. See Fourier transform,
Discrete Fourier transform
Standard definition (SD) television,
525-526
Standards for image compression,
538-540, 541
Statistical moments. See Moments
Step edges. See Edges -
Stochastic image processing, 98
Storage capacity for imaging, 30
String descriptions, 864-865, 904-906
Subband coding, 466473
Subjective brightness, 39
Subsampling pyramids, 464
Subspace analysis trees, 511
Successive doubling, 300
Sum of absolute distortions (SAD), 590
Superposition integral, 345
Super-sampling, 231
Symbol coders, 537
Symbol-based coding, 559-562
Symlets, 505-507
Synthesis filter banks, 470, 499-500,
503-504
Synthetic imaging, 24-25

T
Temporal redundancy, 527, 529-530
Texture, 675-676, 769, 827839
co-occurrence matrix for, 830-836
description by, 827-839
gray-scale morphology and,
675-676
intensity histogram for, 828-830
segmentation, 675-676,769
spectral approaches to, 837-839
statistical approaches for, 828-836
structural approaches for, 836-837
Thematic bands, 14
Thickening. See Morphological image
processing
Thinning. See Morphological image
processing
Threshold. See also Thresholding
basic, 107, 738, 741
Bayes, 742, 875, 881-882
coding, 575-579
color, 445
combined with blurring, 169
combined with gradient, 713,749
combined with Laplacian, 750
global, 741
hysteresis, 722,754



local, 758-761
optimum, 742,
Otsu, 673,742,752
multiple, 722,739, 752-756
multivariable, 445, 761-763
variable, 756
Thresholding, 107, 115, 508, 577-579,
713-714,738-763
basics, 738
Bayes, 742, 875, 881-882
coding implementation, 577-579
edges using in, 749
function, 107, 115
global, 738, 741-756
gradients, combined with, 713-714
hard, 508
illumination and, 740-741
intensity, 738-739
Laplacian, combined with, 750
local, 758-761
measure of separability, 745
moving averages, 759
multiple thresholds, 752
multivariable, 445, 761-763
noise in, 739-740
object point for, 738
optimum, 742
Otsu, 673,742,752
reflectance and, 740-741
segmentation and, 738-763
smoothing in, 747
soft, 508
variable, 738, 756-763
Tie (control) points, 90
TIFF, 538, 541, 551
Tight frame, 479
Tiling images, 24, 501
Time-frequency tiles (or plane),
500-501
Tokens, 560
Top-hat transformation, 672-674
Top-hat by reconstruction, 677
Topological descriptors, 823-827
Transformation, 87-92, 104-198,
640641, 672-674
Affine, 87-89
bottom-hat, 672-674
domains in, 104
geometric (rubber-sheet). See
Geometric transformations
gray-scale morphology and,
672-674
hit-or-miss, 640-641
intensity, 104-198
kernels, 95
morphological image processing
and, 640-641
rubber sheet, 87, 823
spatial, 85,105-171
top-hat, 672-674
top-hat by reconstruction, 677

Transforms, 93-96, 104, 366, 368-373,

474-4717, 486493, 501-510,
566-584
block transform coding, 566-584
discrete cosine, 569
domains in, 93-94, 104
discrete cosine, 96, 539, 569
discrete Karhunen-Loeve, 845
Fourier. See Fourier transform
Haar, 96, 474477
Hotelling, 845-852
Hough. See Hough transform
image (2-D linear), 93-96

morphological. See Morphological

image processing
pair, 94
principal components, 842-852
Radon, 366, 368-373
selection of for block transform
coding, 567-573
slant, 96
Walsh-Hadamard, 96, 568
wavelet, 486-493, 501-510. See
also Wavelets
Transmission electron microscope
(TEM), 23
Trichromatic coefficients, 399

u
Ultra large scale integration
(ULSI), 5
Ultrasound imaging, 20, 46, 368, 388
Ultraviolet, 7, 11, 37, 44, 45
Unary codes, 544
Unbiased estimate, 141
Uniform. See Noise
Unit delays, 466-467
Unit discrete. impulse. See Impulse
Unit impulse. See Impulse
Units of measurement, 44, 45, 58-60
bits for image storage, 58-60
electromagnetic (EM) spectrum,
44,45
intensity resolution, 59-60
spatial resolution, 59
Unsharp masking, 162165, 288-289
Upsampling, 464-465

v
Variable thresholding. See
Thresholding
Variable-length code, 529, 542-544
Variance of intensity. See Moments
VC-1 compression, 538, 541, 594
Vector operations, 92-93, 150151,
424-426
full-color image processing,
424-426
matrix operations and, 92-93
spatial filtering, 150151

® Index 953

Very large scale integration (VLSI), 5
Visible band of the EM spectrum,

12-18, 4445

Visible watermarks, 615
Vision. See also Visual perception

human, 3643, 396, 718, 778
machine 2-3, 6, 906

Visual perception, 3643, 395-401

absorption of light, 396-397

brightness adaptation, 3943

color image processing and,
395401

discrimination between changes,
36-43

human eye physical structure, 36-38

image formation in eye, 38-39

Mach bands, 41, 42

optical illusions, 4243

simultaneous contrast, 41-42

subjective brightness, 3940

Weber ratio, 4041

Walsh-Hadamard transform (WHT),

568-569

Watermarking digital images, 614-621

block diagram for, 617
reasons for, 614

Watermarks, 614621

attacks on, 620-621

fragile invisible, 617

insertion and extraction, 615-616,
618-620

invisible watermark, 616

private (or restricted key), 617

public (or unrestricted key), 617

robust invisible, 617

visible watermark, 615

Watersheds (morphological), 769-778

algorithm for, 774-776

dam construction for, 772-774
knowledge incorporation in, 769
markers used for, 776-778
segmentation using, 769-778

Wavelet coding, 604614

decomposition level selection,
606607

JPEG-2000 compression, 607-614

quantizer design for, 607

selection of wavelets for, 604-606

Wavelet functions, 483

coefficients of, 484

Haar, 484485

separable 2D, 502

time-frequency characteristics,
500-501

Wavelet vectors, 484
Wavelet packets, 510-519

binary tree representation, 510-518
cost functions for choosing, 515-518
suspace analysis tree, 511
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Wavelets, 27, 461-524
compression, 604-607
continuous wavelet transform

(CWT), 491493
discrete wavelet transform

(DWT), 488-490, 502
edge detection, 507-508

fast wavelet transform (FWT),

493-501, 502~505, 510-519
functions, 483486
JPEG-2000, 607-613
Mexican hat, 492-493

multiresolution processing and,

461-524

LOWE T2MOVE, o . o
one-dimensional transfor.is,
486493
packets, 510-519
series expansions, 486488
transforms, 486-493, 501-510
two-dimensional transforms,
501-510
Weber ratio, 40-41
Weighting function, 341
White noise. See Noise
Wiener filtering, 352-357
WMYV9 compression, 538, 541,
594

A

X-rays, 9, 115,157,289, 324,362, 363,
365, 417,420, 646, 667,671,697,

731,764,768

4

Zero crossing property, 160,703,
714717

Zero-memory source, 532

Zero-phase-shift filters, 262,294

Zonal coding implementation,
576-577

Zooming, See Image zooming
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