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Absolute radiometric accuracy, 34-35
Abundance estimation, 57
Abundance estimation, in the linear mixing
model, 111-112
Abundance fractions, 151
cross-correlation with correspondent
estimates, 159-160
dependent, 160, 163
in hyperspectral data, 162
independent, 162
mutually independent, 158
Abundance images, 127-128
LMM and SMM, 129
for thermal test data, 130-131
Abundance map estimation, in the discrete
stochastic mixture model, 125
Abundance maps, 199
NCM-based, 140
Abundance planes, 188
Abundances, 27
Abundance vectors, 50, 56, 59
in the discrete stochastic mixture model,
122-124
estimated, 111
Acousto-optical tunable filter (AOTF), 31
Acronyms, 13-14
Across-track pixels, 28
AdaBoost, 277
Adaptive arithmetic coding (AAC), 387
multiple-context, 393
Adaptive covariance estimator, 277
Adaptive fusion scheme, 317

Adaptive operator, 347t
Adaptive Spectral Reconnaissance Program
(ASRP), 97
Adjacency effect, 26, 152
Advanced Land Imager (ALI), 10, 39, 142
Affine transform, 185
Airborne hyperspectral imagers, 5
Airborne Imaging Spectrometer (AIS), 19-20
Airborne remote sensing systems, 27
Airborne Visible/Infrared Imaging
Spectrometer (AVIRIS), 5, 6, 37-38,
197, 379. See also AVIRIS entries;
Cuprite AVIRIS data; Hyperspectral
AVIRIS data
Indian Pine data set from, 208
Algorithms
performance of, 401
reasonable behavior of, 193
a-quadratic entropy, 320, 321, 348
Analytical system modeling, 40-42
Anomaly detection, 48—-49, 54-56, 58,
62-63, 72-73
algorithms for, 96-97
in optimal band set assessment, 238-239
ORASIS, 97-98
Anomaly map, 97-98
a posteriori OSP, 48, 51-52, 56
a posteriori OSP-based classifiers, 57
a posteriori OSP detectors, 51
Application-driven vector ordering
technique, 357-360
a priori OSP, 48, 50-51, 58
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Archetypical spectra, use of, 201

Arithmetic coding, 387

Asymmetric packet zerotree, 391, 392

Atmospherically compensated HSI data, 26.
See also Hyperspectral imaging (HSI)

Atmospherically scattered path radiance, 23

Atmospheric compensation algorithms, 34

Atmospheric correction, 153-154, 155

Atmospheric effects, 26

Atmospheric thermally self-emitted
radiance, 23-24

Automated endmember determination, 110

Automated endmember spectra
determination algorithms, 181

Automated hyperspectral data, unmixing
approaches for, 181-182

Automatic target recognition (ATR), 96-97,
355

AVIRIS data, effects of using, 63—69. See
also Airborne Visible/Infrared Imaging
Spectrometer (AVIRIS)

AVIRIS data set, 368

AVIRIS endmember spectra, 197-198a

comparison with HYMAP endmember

spectra, 200

AVIRIS images, 193

AVIRIS LCVF image scene, 65

AVIRIS reflectance data, 59-63

AVIRIS sensor, 193

AVIRIS system parameters, 38t

Background endmembers, 97
Background signatures, 56
Back-propagation neural network-based
classifier, 369
Balancing constraint, 297-298
Band-extraction method, 249-255, 267
problem formulation in, 249-250
Band locations, for Landsat-7, MTI, ALI,
Daedalus, and M7, 236t
Band-partitioning, 5, 6
algorithms for, 11
combined with DBFE, 263-266
convergent constrained, 254-255
effectiveness as a feature-reduction tool,
266
experimental results in, 255-266
fast constrained, 253
as a pre-processor for DBFE, 265

sequential forward, 250-251
steepest ascent, 251-253
Band selection, 5, 6
information-theory-based criterion for,
231-232
methods of, 228
Band set, genetic algorithm for finding,
230-231
Band-synthesis methodology, 267
Bell and Sejnowski algorithm, 160, 157
Benediktsson, Jon Atli, 11, 315
Between-class measure of scatter, 210
Between-class scatter matrix, 126
Bhattacharyya distance, 249, 250
Bi-directional reflectance distribution
function (BRDF), 25
predictions via, 40
Binary classifiers, 336337
Binary PS*VM, learning procedure for,
286-287t
Binary S*VMs, learning procedure of,
299-300. See also Semisupervised
support vector machines (S*VMs)
Bitplane coding, 384-386
implementing, 385-386
net effect of, 385
Bits per pixel per band (bpppb), 388
Bitstream, organizing information in, 381
Blind hyperspectral linear unmixing, 171
Block-based maximum likelihood approach,
215
Border handling strategy, 365-366
Bottom reflectivity, in-scene estimates of,
142
Bound cost function, 287
Bound minimization problem, 291
Bowles, Jeffery H., 7, 77
“Branch-and-bound” approach, to feature
selection, 247
Bruzzone, Lorenzo, 11, 275

Cameras, framing, 29

Candidate image spectrum, comparing to
“possible” matching exemplars,
88-89

Candidate vectors, “‘probability zone” for,
91

Carnallite signature, estimated, 171

Catchment basins, 362, 363-364



Cattoni, Andrea F., 10, 245
CEM detection, 65. See also Constrained
energy minimization (CEM)
CEM filter, 48
Chang, Chein-1, 1, 7, 47
Chanussot, Jocelyn, 11, 315
Chi, Mingmin, 11, 275
“Children” coefficients, 389
Circular variable filters (CVF), 30
Class-conditional covariance matrices,
approximating, 211
Class-conditional probability density
function, 126
Class-dependent transformations, 207
Classification
feature reduction for, 245-274
neural network-based, 361-362
in the normal mixture model, 116
Classification accuracies, for multichannel
morphological operations, 369
Classification algorithms
morphological profile-based, 360
morphological watershed-based, 362-364
parallel morphological watershed-based,
366-367
parallel morphological profile-based,
365-366
training set for learning, 275-276
Classification maps, 260
Classification performance, 215-216
Classification problems
data fusion in, 317
ill-posed, 276, 277, 279
Classification results, in band-partitioning
experiments, 255-259
Classification times, comparison of, 221
Classifiers
based on morphological feature
extraction, 329-333
based on support vector machines,
333-340
Class representation, in fuzzy set theory,
322-323
Cleanup pass, 394
Closed-form solution, 112
Cluster assumption, 295, 308
Clustering, in the normal mixture model,
116
Cluster space method, 212
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Coastal remote sensing, stochastic mixture
modeling in, 140-142
Codeblock-bitstream truncation, 394, 397
Codeblocks, 394
Codebook, with ORASIS, 102
Codebook replacement process, 8891
Coders, conditioning with context
information, 387
Coding
arithmetic, 387
bitplane, 384-386
conditional, 393-395
entropy, 386
lossless entropy, 387
refinement and sign, 386
runlength, 395
significance-map, 386
Coefficient-magnitude coding, 384-385
Coefficients
in discrete wavelet transform, 384
significance states of, 393
Combination operators, 324
in decision fusion, 327-328
Commodity cluster-based parallel
architectures, 376
Comparative studies, of hyperspectral data
handling approaches, 213-221
Complex variables, analytic, 2
Component entropy, computing, 165
Component transformations, 359
Compressed hyperspectral imagery,
necessity for, 379
Compression, in ORASIS, 101-102
Compression performance, 398-401
Compression ratio, 388
Compromise combination, 324, 325
Computer simulations, effects of
information used in, 59-63
Conditional coding, 393-395
Conditional entropy, 387
Conditional ordering (C-ordering),
356-357
Confusion matrix, 333
for decision fusion using operator (12.18),
344t
for decision fusion using operator (12.19),
345t
for decision fusion using operator (12.20),
346t
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for decision fusion using the adaptive
operator, 347t
for decision fusion using the min operator,
342t
for decision fusion using the max
operator, 343t
for neural network-based classifier, 334t
for SVM-based classifier, 339t
Conjunctive combination, 323, 325
Connectivity kernel, 296-297
Constrained demixing, 96
Constrained energy minimization (CEM), 7,
53. See also CEM entries
effectiveness of, 72
relationship to OSP, 56-57
relationship to RX filter, 57-58
target knowledge sensitivity of, 62-63
Context information, 387
Contextual-dependent (CD) operators, 325
Convergence, with imperfect data,
191-195
Convergence phase, in the PS*VM
technique, 292-293
Convergence theorem, CCBP, 254
Convergent constrained band partitioning
(CCBP), 11, 254-255
algorithm for, 254-255
classification accuracy of, 256
metric-theoretic interpretation of,
270-271
properties of, 266
threshold searches performed by, 257-259
Convex geometry, in the maximum volume
transform method, 184-185
Core of a fuzzy set, 318
Covariance matrices, 209
band ranges of, 215
class-conditional, 211
estimation of, 206-207, 263
Creosote leaves, detection of, 60-62
Crisp sets, 318
Cuprite AVIRIS data, 138, 139
Cuprite region, hyperspectral data from,
195-200
Curse of dimensionality, 5, 205. See also
Hughes phenomenon
Cyclic maximizer algorithm, 169

Daedalus AADS 1268 system, 10

Data, fastica algorithm applied to, 163—-165.
See also Hyperspectral unmixing;
Simulated data

Data analysis, using information in, 47, 48

Data cube, 355

Data dimensionality, reduction of, 5-6, 206,
247-248

Data exploitation issues, 6

Data fusion, 323

in classification problems, 317

Data partitioning strategy, 364-365

Data reduction, in the maximum volume
transform method, 183

Data representation metrics, in the discrete
stochastic mixture model, 125-126

Data scatter, distribution-free measure of,
209

Data sets

for band-partitioning experiments, 255

embedded coding of, 380

maximum volume algorithm convergence
in, 193-194

semisupervised support vector, 303-304

Data space transformation, 212

DBFE feature-transformation method,
performance comparison with SFS
feature-selection algorithm, 259-263.
See also Decision boundary feature
extraction (DBFE)

Decision boundary feature extraction
(DBFE), 248, 316, 332, 362

classification accuracies obtained by,
263t, 264t

combined with band-partitioning,
263-266

potential of, 265

preliminary reduction stage for, 261

Decision fusion, 315-351. See also

Information fusion
combination operators in, 327-328
defined, 317
experimental results for, 329-347
framework for, 348
fusion scheme in, 328
for hyperspectral classification, 11-12
measures of confidence in, 326-327
results obtained using, 340-347
test images in, 329
using operator (12.18), 344t



using operator (12.19), 345t
using operator (12.20), 346t
using the adaptive operator, 347t
using the max operator, 343t
using the min operator, 342t
Decision level fusion, 348
Degree of fuzziness, 319-322
Demixed Spectral Angle Mapper (D-SAM),
99
Demixing, in ORASIS, 95-96
Density estimation, 395-396
Dependent abundance fractions, 163
Dependent component analysis, 165-171
unmixing and mixture estimation with
EM algorithm, 167-171
Derivatives, 1
Desert scene
anomaly detection results for, 238t
material identification results for, 240t
Detector materials, 31t
Detectors, 31
Dias, Jose M. B., 9, 149
Digital data, processing, 31-33
Digital Imaging and Remote Sensing Image
Generation (DIRSIG), 6
model, 39-40
Dilation operator, 353, 361
Dimensionality reduction, 5
in the linear mixing model, 112-113
principal component analysis for,
227
suboptimal, 207
use of linear transforms for, 186
Dirichlet distribution, 159, 162
Dirichlet sources, 151
Discrete-class SMM approach, 108
Discrete cosine transform (DCT), 379
Discrete stochastic mixing model,
120-132
data representation metrics in, 125-126
example results for, 126-132
mixture class formulation in, 120-121
Discrete wavelet transform (DWT),
381-384. See also DWT subbands
observations concerning, 384
Discriminant Analysis Feature Extraction
(DAFE), 247
Disjoint labeled set strategy, 302
Disjunctive combination, 323, 325
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Distance-based vector ordering strategy,
357-360

Distortion, measurement of, 387-388

Distortion-compression trade-off, 388

Distortion performance, 400t

Dist scores, 357

Dominant water class map, 141

D-ordering approach, 357, 359

D-ordering-based multichannel classifiers,
370-371

Down-track pixels, 28

Down-welling radiance, 113

D-SAM angle, 100

Dual-band data, 119

DWT subbands, 384. See also Discrete
wavelet transform (DWT)

Dyadic decomposition structure, 382

Dyadic transforms, performance of,
399400

Dyadic zerotree structure, 391

Earth, features of interest on, 20-22
EBCOT algorithm, 394
Edge weight, 296
Efficient near-neighbor search (ENNS)
algorithm, 90
Eigen-equation, 228
Eigenvalues
distribution of, 112-113
selecting, 209
Eigenvectors, in principal component
analysis, 228
Eismann, Michael T., 8, 107
Embedded bitstream, 384
Embedded coding, 380
transmission of, 381
Embedded wavelet-based coders, 381
Embedded wavelet-based compression, of
3D imagery, 381-387
Embedded zerotree wavelet (EZW)
algorithm, 389-390
Endmember analysis, 181
band selection method based on, 228
Endmember characteristics, variation in,
113
Endmember class indices, 126
Endmember class initialization, in the
discrete stochastic mixture model,
122
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Endmember class separability metric, 126,
128
Endmember-dependent temperature
variance, 131
Endmember determination, in the linear
mixing model, 110-111
Endmember extraction, 5
Endmember mean vector initialization, 122
Endmembers, 27, 149
background versus target, 97
estimating, 171
geometric approaches for determining,
181-182
Endmember selection module, in ORASIS,
93-95
Endmember set, progressive updating
procedure for, 190
Endmember spectra
maximum volume transform for
determining, 9, 179-203
for reflective test data, 127
unmixing, 199
Endmember spectra determination
algorithms, 201
“Endmember spectra determination and
unmixing,” 180
Endmember volume, stepwise maximization
of, 187
“End-to-end”” hyperspectral analytic chain,
181
Enhanced Thematic Mapper (ETM), 39
Entropy
in band selection, 230
conditional, 387
Entropy-based genetic algorithm, 6
Entropy calculation, 231
Entropy coding, 386
Environmental Research Institute of
Michigan (ERIM) modeling effort, 42
EO-1 Hyperion instrument, estimated SNR
for, 35
EO-1 Hyperion sensor, ground processing
for, 32
Erosion operator, 353, 361
Euclidean distance, 116, 288
Exemplars
“anomalousness’” of, 97
demixing, 102
salient, 92

Exemplar selection process, in ORASIS,
82-88
Expectation-maximization (EM) algorithm,
8,9, 134, 136-137, 151, 158, 277
unmixing and mixture estimation with,
167-171
Experimental comparison, of hyperspectral
data handling approaches, 213-221
Experimental results
in band partitioning, 255-266
of morphological hyperspectral image
classification, 367-375
Exploitation
geometric accuracy impact on, 36
radiometric accuracy impact on, 36
spatial resolution impact on, 33-34
spectral metric impact on, 34
Exterior shrink-wrap estimate, 187

False alarm rate (FAR), 238
“False colors™ problem, 354
FASCODE modeling software, 40
Fast constrained band partitioning (FCBP),
11, 253-254
algorithm for, 253
classification accuracy of, 256
comparison with DBFE, 261-263
properties of, 266
threshold searches performed by,
257-259
“Fast Constrained Search” algorithm, 247
fastica algorithm, 157, 160
applied to real data, 163-165
Fauvel, Mathieu, 11, 315
Feature extraction
DBFE-based, 362
granulometries and, 330-332
for hyperspectral images, 332-333
main target of, 247
Feature extraction-based band partition, 11
Feature grouping, 248
Feature reduction, 10-11
band-partitioning combined with DBFE
in, 263-266
for classification purposes, 245-274
methods for, 207, 209-210
previous work on, 246-248
Feature selection methods, 207
Feature-selection techniques, 246247



Feature subsets, reduced, 214
Feature transformation, 246
Field programmable gate arrays (FPGAs),
376
15-band optimal band set, 237
Filter bank, 382
Filter-design methods, in wavelet theory,
382
Filters, 30, 31
detected abundance fractions of, 60
Filter wheel approach, 30
FIR linear filter, 52-53
First match method, 89
First principles image simulation, 3940
Fisher’s linear discriminant analysis
(FLDA), 5
Fitness function/objective function, use in
genetic algorithm optimization, 231
Fixed noise, 35
FLAASH algorithm, 34
Flat-fielding, 35
Flooding process, in a multichannel
watershed-based algorithm, 363-364
Flooding-reflooding scheme, 367
Forecasting and Analysis of
Spectroradiometric System
Performance (FASSP), 7, 40-42
Forest scene
anomaly detection results for, 239t
material identification results for, 240t
FORTRAN code, for the NNLS algorithm,
96
Fourier transform spectrometer (FTS), 30
Fowler, James E., 13, 379
Fractional abundance planes, 191
Fractional abundances
in the linear spectral mixture model,
154
linear unmixing of, 153-154
Fraction vectors, constraining, 123
Framing cameras, 29
Fremont data set
classification accuracies on, 219t
experiment involving, 213-214, 218-221
Full additivity constraint, 166
Full pixel techniques, 354-355
Functionalities, techniques used to perform,
14t
Fusion rule, 348
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Fusion scheme, in decision fusion, 328
Fuzziness, measures of, 319
Fuzzy entropy, 348
Fuzzy intersection, 323
Fuzzy sets, 317
complements of, 319
equality between, 318
intersection of, 319
union of, 319
weighting, 326-327
Fuzzy set theory, 318-323
class representation in, 322-323
Fuzzy subsets, 318
Fuzzy union, 323

Gaussian approximated symmetric hinge
loss, 294

Gaussian maximum a posteriori (GMAP)
classifier, 249, 255. See also GMAP-
generated classification maps

classification accuracy of, 257, 261, 262,

264

Gaussian Maximum Likelihood (GML)
classifier (GMLC), 51, 58, 277

Gaussian maximum likelihood methods, 207

Gaussian Mixture Model (GMM), 144, 277

Gaussian mixture probability density
function, 144

Gaussian radial basis function (RBF), 301,
337

Gaussian radial basis kernels, 316, 333

Generative model, 151, 172

Generic binary classifier, 301

Genetic algorithms, 230-231, 233-234

Geodesic dilation operator, 361

Geodesic erosion, 361

Geological remote sensing, stochastic
mixture modeling in, 138-139

Geologic field data, comparison of results
with, 197

Geologic map, 186

Geometric accuracy, 36

Geometric approaches, for endmember
determination, 181-182

Geometric sensor modeling, 40

Gillis, David B., 7, 77

Global accuracy, 317, 327

Global covariance matrix, 122

Global Positioning System (GPS) units, 29
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GMAP-generated classification maps, 260.
See also Gaussian maximum a
posteriori (GMAP) classifier

Gradient-Descent-Based Optimization
(AS’VM), 309. See also
Semisupervised support vector
machines (S*VMs)

results with, 306-307
S’VM with, 294-295

Gradient descent optimization techniques,
231

Gram matrix, 283

Gramm-Schmidt-like procedure, 92

Granulometries

for classification of urban areas, 330-331
by opening/closing, 331-332

Graph kernel, 295-297

Grating systems, 30

Gray scale images, 64

Ground resolved distance (GRD), 33

Ground sampling distance (GSD), 2, 33, 237

Ground truth, 388

Ground truth map, 70

Growth rate parameter, 290

Hamming distance, 268
minimum nonzero value of, 269

Hard margin SVMs, 281, 282. See also
Support vector machines (SVMs)

Highly Parallel Virtual Environment (HIVE)
project, 373

High-SNR channels, 155. See also Signal-
to-noise ratio (SNR)

Hinge loss functions, 309

Hotelling transform, 227

HSI publications, 77. See also Hyperspectral
imaging (HSI)

Hughes phenomenon, 205, 245, 246, 261.
See also Curse of dimensionality

Hybrid supervised-unsupervised thematic
mapping methodology, 212

HYDICE data, effects of using, 69-72. See
also HYperspectral Digital Image
Collection Experiment (HYDICE)

HYDICE data cubes, 10

HYDICE forest radiance cube, 98

HYDICE forest radiance scene, 100-101

HYDICE instrument, 37

HYDICE panel scene, 70

HYDICE sensor, 237
HYDICE system parameters, 37t
HYMAP endmember spectra, 198
HYMATP sensor, 197
“Hypercube,” 19
Hyperion data set experiment, 213-214
Hyperion imagery, 142, 143
Hyperion system, 6, 38-39. See also EO-1
Hyperion entries
parameters, 39t
Hyperparameters, 301, 305
Hyperplane decision function, 336
Hyperplanes, 288
in linear SVMs, 335
Hyperplane separation, 289, 290
Hyperspectral AVIRIS data, 13
Hyperspectral bands (“h-bands”), 246, 249
Hyperspectral classification, 6
decision fusion for, 11-12, 315-351
Hyperspectral compression
performance measures for, 387-388
techniques for, 379-380
Hyperspectral cubes, in optimal band set
assessment, 237-238
Hyperspectral data. See also Hyperspectral
data representation
analysis of, 79
application of independent component
analysis to, 150
approaches for automated unmixing of,
181-182
approaches for handling with maximum
likelihood methods, 208-213
blindly unmixing, 172
classification approaches for use with,
207-208
classification of, 308
collection of, 193
compression of, 6
data partitioning schemes for, 364-365
example application of, 195-200
interpreting, 179-180
linear mixing model and, 108-109,
183-184
maximum likelihood classification used
with, 205
in the maximum volume transform
method, 184-185
redundancy in, 229



representation of, 5
statistical approach to modeling, 143
in the stochastic mixing model, 118-119
unmixing, 9
use of, 77-78
Hyperspectral data classification, previous
work on feature reduction for,
246-248
Hyperspectral data exploitation, objects of
interest in, 2-3
Hyperspectral data modeling, 107
approaches to, 108
Hyperspectral data representation, 10,
205-225
maximum likelihood methodology in,
206-207
Hyperspectral data representation methods,
qualitative examination of, 221-223
Hyperspectral data sets
partitioning, 366
storing, 403-404
use of support vector machine with, 208
Hyperspectral data source dependence, 151
HYperspectral Digital Image Collection
Experiment (HYDICE), 5, 6. See also
HYDICE entries
Hyperspectral image analysis, role of
information in, 47
Hyperspectral image classification. See
Morphological hyperspectral image
classification
Hyperspectral image data, characteristics of,
32-33
Hyperspectral image data set
correlation matrix of, 212
in morphological hyperspectral image
classification, 168
Hyperspectral image pixel, 3, 4
Hyperspectral imagery
application of Gaussian maximum
likelihood methods to, 207
applications of, 388
deriving endmember estimates from, 183
detection and classification algorithms in,
47
objects of interest in, 2
resolution enhancement of, 142
3D wavelet-based compression of, 13,
379-407
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Hyperspectral images
classification approaches to, 276
determining the number of endmembers
in, 186
diversity of materials in, 113
feature extractions for, 332-333
SVM methods for classifying,
279-285
Hyperspectral image scenes, morphological
processing of, 360-364
Hyperspectral imaging (HSI), 20, 22. See
also Atmospherically compensated HSI
data; HSI publications
advances in, vii
effectiveness of, 14
Hyperspectral imaging systems, 6, 19,
20-45
examples of, 36-39
modeling, 39-42
sample, 21t
value of data collected by, 20
Hyperspectral imaging technology, advances
in, 1
Hyperspectral linear unmixing, 172
Hyperspectral observations, 151, 172
Hyperspectral remote sensing image
classification, semisupervised support
vector machines for, 11, 275-311
Hyperspectral remote sensing images,
315
Hyperspectral scene histogram, 85-86
Hyperspectral sensors, 151, 275
interest in, 245
Hyperspectral sensor systems, 242
Hyperspectral target detection/classification,
information-processed matched filters
for, 7
Hyperspectral unmixing, 149-177
dependent component analysis, 165-171
ICA and IFA limitations in, 160-163
independent component analysis and
independent factor analysis, 156-158
projection techniques used in, 151
spectral radiance model, 152-156

ICA algorithms, 157. See also Independent
component analysis (ICA)

ICA evaluation, with simulated data,
158-160
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IEA (Canadian Centre for Remote Sensing)
methodology, 182
IFA algorithm, 160. See also Independent
factor analysis (IFA)
IFA evaluation, with simulated data,
158-160
Illumination variation/variability, 113, 155
Image analysis, 181. See also Hyperspectral
image entries
Image background signatures, 56
Image classification. See Morphological
hyperspectral image classification
Image pixels, evaluating, 187. See also Pixel
entries
Image resolution, 33
Image-restoration-based approach, 155
Image unmixing, principal advantage of, 180
Imaging spectrometry, 20
Immersion simulation, 362
Imperfect data
convergence with, 191-195
theoretical discussion of, 193-195
Importance-sampling probability density
function, 135
Incident signal, 357
Independent abundance fractions, 162
Independent component analysis (ICA), 5, 9,
150, 156-158. See also ICA entries
crucial assumptions of, 171-172
limitations in hyperspectral unmixing,
160-163
Independent factor analysis (IFA), 5, 9, 150,
157-158. See also IFA entries
crucial assumptions of, 171-172
limitations in hyperspectral unmixing,
160-163
Index map, with ORASIS, 102
Indian Pine data set
in band partitioning, 255
classification accuracies on, 217t
correlation matrices for, 217
experiment involving, 214-218
training and test samples in, 256t
Indian Pine Test Site
hyperspectral subimage of, 158
subimage of, 163—-165
Indices of confidence, 338, 340t
Inequality constraints, 280
Inertial navigation systems, 29

“Inflation” approach, 181-182
Information approximation, 57
Information fusion, 323-328
Information-processed matched filters
(IPMFs), 7, 47-74. See also IPMF
approach
Information theory, 387
Information-theory-based band selection
methodology, 231-232, 241
Information theory based optimal band sets,
234-235
Information use, effects of, 59-72
Inhomogeneous polynomial function, 337
Initialization phase, in the PS*VM
technique, 287-288
Inscribed simplex, 110
maximizing the volume of, 185-186
Insignificant coefficient, 386
Instantaneous field of view (IFOV), 26, 33,
152
Integrated spatial/spectral developments,
processing challenges of, 355
Inter-class distance measures, 249
Inter-class variance, 113
Interferogram, 30-31
Interferometer systems, 30-31
Intra-class variance, 113
Intrinsic dimensionality (ID), 4
IPMF approach, 48, 49. See also
Information-processed matched filters
(IPMFs)
ISODATA, 13
algorithm, 371
classification, 388
Iterative algorithms
in the PS*VM technique, 285
in steepest ascent band partitioning, 252
Iterative learning rule, 168
Iterative self-labeling strategy, 308

Jade algorithm, 157

Jasper Ridge Test Site, 403

Jeffries—Matusita distance, 11, 249, 250

Jia, X., 10, 205

JPEG2000 band-independent fixed-rate
(JPEG2000-BIFR) strategy,
397-398

JPEG2000 band-independent rate allocation
(JPEG2000-BIRA) strategy, 398



JPEG2000-based compression algorithms,
13
JPEG2000 conditional-coding technique,
393-395
JPEG2000 encoder, 386, 397, 403
design for, 380-381
implementation of, 396
JPEG2000 encoding strategies, 396-398
performance of, 400401
JPEG2000 multicomponent (JPEG2000-
MC) strategy, 398
JPEG2000 Part-10 (JP3D), 395
JPEG2000 performance, 403
JPEG2000 standard, 395

Kakadu Version 4.3, 401

Kappa coefficient of accuracy, 305

Karhunen-Loeve transform, 227

K-component Dirichlet finite mixture,
166-167

Kerekes, John P, 6, 19

Kernel-based classifiers, 277

Kernel Fisher Discriminant Analysis
(KFDA), 248, 277

Kernel function, choice of, 301

Kernel matrix, 283, 295, 298

Kernel methods, 337

Kernel trick, 283, 285, 316, 337

k-fold cross-validation, 302

KKT conditions, 280

k-means unsupervised classification, 388

“K-nearest neighbors” approach, 248

K-RX filter (K-RXF), 55, 58. See also RX
filter (RXF)

Label inconsistency, 290

Lagrange multipliers, 280, 281, 278, 336

Lagrangian rate-distortion optimal
truncation, 394

Land-cover types, spectral signatures of,
245

Landsat-7 Enhanced Thematic Mapper
(ETM), 39

Landsat-7 ETM + system, 10

Laplacian development, by minors method,
189

L-dimensional column vector, hyperspectral
image pixel as, 3, 4

Least-squares analysis, 188
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Least-squares estimate (LSE), 95
Least-squares solution methods, 111-112
Leave-one-out classification (LOOC)
approach, 211
Leave-one-out strategy, 302
Level 0 data processing, 32
Level 1 data processing, 32
Level 2 data processing, 32
Level 3 data processing, 33
Library spectrum, 99
Linear classification, in the normal mixture
model, 116
Linear equations, as a geometric system,
184-185
Linearly constrained minimum variance
(LCMV)-based approach, 48, 49,
52-54, 72
Linearly mixed hyperspectral data, 185
Linear mixing/mixture model (LMM), 5, 8,
78-80, 108-113, 149-150
abundance estimation in, 111-112
applicability of, 184
dimensionality reduction in, 112-113
endmember determination in, 110-111
for hyperspectral data, 183—-184
limitations of, 113
mathematical formulation of, 109—110r
Linear semisupervised SVMs (S3VMS), 2178,
294-295. See also Semisupervised
support vector machines (S*VMs);
Support vector machines (SVMs)
Linear spectral mixture model, 154-156
Linear spectral unmixing, 47
methods for, 59
Linear superposition, 108
Linear SVMs, 335-336. See also Support
vector machines (SVMs)
Linear transforms, in dimensionality
reduction, 186
Linear unmixing, of fractional abundances,
153-154
Linear variable filters (LVF), 30
Line scanners, 28
Liquid crystal tunable filter (LCTF), 31
List of insignificant pixels (LIP),
391
List of insignificant sets (LIS), 390,
391-392
List of significant pixels (LSP), 391
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Load-balancing rates, for parallel
algorithms, 374t
Local exploration concept, 252
Local flooding, 367
Local maximum of a function concept,
268
Local minimization technique, 283-284
Local move concept, 251, 252, 269
Log-likelihood function, 134, 167
Log-likelihood metric, 125-126, 128
Lossless compression, 404
Lossless entropy coding, 387, 390
Lossy compression algorithms, 404
Lossy-to-lossless coding, 404
Low-Density Separation (LDS) algorithm,
279, 308
formulation of, 298-299
results with, 306-307
S*VM with, 293, 295-299
Low probability anomaly detector, 59
Low probability detection (LPD) algorithm,
49, 54, 55-56, 58
Low-SNR channels, 155. See also Signal-to-
noise ratio (SNR)
Lunar Crater Volcanic Field (LCVF), 63-64

M7 system, 10
Mahalanobis distance, 55, 116
Marconcini, Mattia, 11, 275
Marginal MM, 354. See also Mathematical
morphology (MM)
Marginal ordering (M-ordering), 356
Master—slave model, 366-367
Matched filters
information-processed, 47-74, 56-59
performance of, 48
“Matching” spectra, 82
Material identification
in optimal band set assessment,
239-240
use of hyperspectral data in, 229
Material identification results, in optimal
band selection, 241
Material reflectance, variability in, 25
Material signature database, 231
Material spectra, in the NEF database, 231
Mathematical morphology (MM), 353-354.
See also MM entries
feature extraction based on, 316

Mathematical morphology-based
algorithms, parallel implementations
for, 364-367
Mathematical morphology theory,
application to hyperspectral image data,
375
Maximization, in the normal compositional
model, 136-137
Maximum a posteriori (MAP) estimation
approach, 142
Maximum a posteriori probability
framework, 150
Maximum likelihood classification (MLC),
10, 205, 220
unmodified, 215
Maximum likelihood estimate (MLE), 95,
167
Maximum likelihood (ML) methodology,
206-207
approaches for handling hyperspectral
data with, 208-213
Maximum likelihood parameter estimation,
134
Maximum likelihood rule, applying, 206
Maximum noise fraction (MNF) technique,
151, 359
Maximum pixel vector, 357
Maximum-simplex method, 92
Maximum volume transform (MVT), 5, 9,
179-203
behavior of, 194
Maximum volume transform algorithm
comparison of results with geologic field
data, 197-199
data sets used in, 197
Maximum volume transform method, 183.
See also MVT entries
algorithm description in, 183-189
convergence with imperfect data, 191-195
convex geometry and hyperspectral data
in, 184185
example application of, 195-200
model data in, 189-191
pre-processing in, 186
theoretically perfect data in, 189-191
max operator, 343t
Mean-squared error (MSE), 13, 388
Measures of confidence, in decision fusion,
326-327



MegaScene project, 40
Mercer’s conditions, 337, 338
MERIS sensor, 246
Metric-space structure, 267268
Michelson Fourier transform spectrometer
(FTS), 30
Minima selection
algorithm for, 367
in a multichannel watershed- based
algorithm, 362-363
“Mini-max”’-type algorithm, 92
Minimum description length (MDL) based
algorithm, 151
Minimum description-length-based
expectation-maximization
(MDL-EM) algorithm, 161
Minimum noise fraction (MNF) transform,
186, 191
Minimum noise transformation, 112
Minimum volume transform (MVT)
algorithm, 150-151, 187
min operator, 342t
“Mixed pixel” problem, 20-22
Mixed pixels, 2-3
Mixed pixel techniques, 354-355
Mixing, of radiance contributions, 26-27
Mixture, in the normal mixture model,
115
Mixture classes
in the discrete stochastic mixture model,
120-121
mixture constraint on, 123-124
sparsely populated, 125
Mixture-class fractional abundances, 121
Mixture estimation, with EM algorithm,
167-171
Mixture model approach, 102
Mixtures of Gaussians (MOG), 158. See also
MOG parameters
MM operators, 353-354. See also
Mathematical morphology (MM)
MM techniques, 354
MNF-based dimensional reduction, 372. See
also Minimum noise fraction (MNF)
transform
MNF + D-ordering classifiers, test
accuracies exhibited by, 371
MNF + D-ordering multichannel
morphological profiles, 369
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MNF + R-ordering classifiers, test
accuracies exhibited by, 371
Model formulation
for the normal compositional model,
132-134
in the stochastic mixing model, 118-119
Modeling, of hyperspectral imaging
systems, 39—42
Modified best fit method, 90
Modified RXF (MRXF), 58, 69. See also RX
filter (RXF)
Modified stochastic expectation
maximization (SEM) approach, 122
MODTRAN modeling software, 40, 232
Modulation transfer function (MTF), 33
Moffett Test Site, 402
MOG parameters, 151. See also Mixtures of
Gaussians (MOG)
Mono-channel profiles, construction of, 369
Monte Carlo class assignment, 124
in the normal mixture model, 117
Monte Carlo expectation maximization
(MCEM) algorithm, 120, 135
Monte Carlo Markov chains (MCMC), 135,
137
Moore-Penrose inverse, 95
Morphological feature extraction, 360-361
classifier based on, 329-333
Morphological feature vectors, 370
Morphological filtering methods, 316
Morphological hyperspectral image
classification, 12, 353-378
experimental results of, 367-375
hyperspectral image data set in, 368
parallel implementations in, 364-367
vector ordering strategies in, 356-360
Morphological opening/closing operations,
331-332
Morphological processing, of hyperspectral
image scenes, 360-364
Morphological profile-based classification
algorithm, 360-362, 373-374
quantitative assessment of, 368-371
Morphological profiles (MPs), 331-332
Morphological watershed-based
classification algorithm, 355,
362-364, 373-374, 375
quantitative assessment of, 371-372
Moser, Gabriele, 10, 245
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Most significant bit (MSB), 385

Multiband rate-allocation strategies,
397-398

Multiband spectral sensors, 242

Multichannel classifiers, versus single-
channel-based approaches, 371

Multichannel gradient image, standard
erosion of, 363

Multichannel morphological erosion/dilation
operations, 365

Multichannel morphological gradient, 358

Multichannel morphological profiles,
360-361, 369

Multichannel processing, new trends in,
375

Multichannel profiles, 375

Multichannel segmentation algorithm, 371

Multiclass problems, strategy for, 299-301

Multiclass support vector machines (SVMs),
333, 336-337

Multidimensional morphological operations,
vector ordering strategies for, 356-360

Multidimensional normal distribution,
114

Multidimensional scaling (MDS), 298

Multilevel Otsu thresholding method, 371

Multiple-band images, 396

Multiple-component images, spectral
decorrelation for, 396-397

Multiple image components, rate-allocation
strategies across, 397-398

Multiple reference vectors, 86—87

Multiplicative class, measure of fuzziness
based on, 320-322

MultiSpec image analysis system, 209

Multispectral Advanced Land Imager (ALI),
39

Multispectral image analysis techniques, 2

Multispectral images, versus hyperspectral
images, 1-2

Multispectral imaging (MSI) systems, versus
hyperspectral imaging systems, 19

Multispectral sensor systems, 242

Multispectral systems, comparison of
optimal band sets to, 235-237

Multispectral Thennal Imager (MTI), 10

Mutual information function, 160-161

behavior of, 162-163
Mutual information measure, 157

NASA Goddard Space Flight Center
(NASA/GSFC), 373

NASA New Millennium Program, 38

Nascimento, Jose M. P, 9, 149

NCM abundance estimates, 138. See also
Normal compositional model (NCM)

NCM-based abundance maps, 140

Negentropy, 157

Neighborhood concept, 268

Neural network approach, 207-208, 316

classification performed with, 329-333

Neural network-based classification,
361-362

Neural network-based classifier, confusion
matrix for, 334t

Neural/statistical classifiers, 317

N-finder (N-FINDR) algorithm/method/
procedure, 5, 9, 80, 93, 111, 151,
182

N-FINDR-based maximum volume
transform (MVT), 9

N-FINDR simplex inflation approach, 187

9-band optimal band set, 236

Noise effects, correlating across spectral
channels, 36

Noiseless linear observation model, 166

Noise process, 110

Nonconventional exploitation factors (NEF)
database, 231

Nonembedded coding, transmission of, 380

Non-exemplars, replacement during
prescreener processing, 88-91

Nonlinear least squares, 112

Nonlinear mixing, 108

model for, 149

Nonlinear S*VM, 295. See also
Semisupervised support vector
machines (S*VMs)

Nonlinear SVMs, 337-338. See also Support
vector machines (SVMs)

Nonlinear transformation, 282

Nonliteral (spectral) processing techniques,
15

Nonnegative least-squares (NNLS) method,
96

Nonoverlapping spectral bands (*‘s-bands”),
246, 249, 250-251

Nonparametric Discriminant Analysis
(NDA), 248



Nonparametric weighted feature extraction
(NWFE), 10, 213, 209, 248. See also
NWEE approach

Normal compositional model (NCM), 8,
108, 120, 132-138. See also NCM
entries

example results for, 137-138
unmixing, 137

Normal fuzzy set, 318

Normalized difference vegetation index
(NDVI), 78

Normalized RXF (NRXF), 58, 69. See also
RX filter (RXF)

Normal mixture distribution, 115

Normal mixture model, 114-118

spectral clustering in, 116

statistical representation in, 114-115

stochastic expectation maximization in,
116-118

Normal models, 206

Numerical optimization techniques,
standard, 134

NWEFE approach, 219-220. See also
Nonparametric weighted feature
extraction (NWFE)

strength of, 215

Oblique subspace classifier (OBC), 51
Observation model, 157-158
Octree cube partitioning, 393
Okavango Delta area data set, 303-304
Okavango Delta area test set, 309
One-Against-All architecture, 304
One-Against-All (OAA) multiclass strategy,
300
One-Against-One (OAO) strategy, 301
“One generation” process, 234
One Versus the Rest approach, 336
Optical entrance aperture, size of, 27
Optical imaging, 27-28
Optical modulation transfer function, 40
Optical real-time adaptive spectral
identification system (ORASIS), 5, 7-8,
77-106. See also ORASIS entries
algorithms in, 80-81
applications of, 96-103
basis selection in, 91-93
codebook replacement in, 88-91
demixing in, 95-96
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development of, 80
exemplar selection process in, 82—88,
93-95
finding a better match in the possibility
zone using, 90-91
prescreener module in, 81-82
terrain categorization in, 102-103
Optimal band location results, 241
Optimal band locations, 229-230
Optimal band selection technique, 229
genetic algorithm in, 233-234
optimal band set results in, 234-237
radiative transfer considerations in,
232-233
for spectral systems, 10, 227-237
theory/methodology in, 230-234
Optimal band sets
comparison with existing multispectral
systems, 235-237
entropies of, 235t
15-band, 237
information theory based, 234-235
9-band, 236
6-band, 235
utility assessment of, 237-240
Optimal hyperplane, 208
Optimization problems, 283
ORASIS algorithm, 182. See also Optical
real-time adaptive spectral
identification system (ORASIS)
ORASIS anomaly detection (OAD), 97-98
ORASIS compression, 101-102
compression parameters and compression
ratios obtained with, 103t
ORASIS endmember algorithm, 94-95
ORASIS output, 102
Orthogonal subspace projection (OSP), 4, 7,
150, 180. See also OSP entries; a
posteriori OSP; a priori OSP
relationship to CEM, 56-57
relationship to RX filter, 58-59
Orthonormal basis vectors, building, 92
OSP abundance estimators, 51. See also
Orthogonal subspace projection (OSP)
OSP-based approach, 48, 49
success of, 72
OSP-based techniques, 49-50
OSP classification results, 66
Otsu thresholding method, 371
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Outliers, 92
Overlap mapping strategy, 366

p, exact value of, 3—4
Packet transforms, performance of, 399—400
Pairwise classification, 337
Parallel algorithms, scaling properties of,
373-374
Parallel computing platforms, 376
Parallel implementations, for mathematical
morphology-based algorithms,
364-367
Parallel morphological profile-based
classification algorithm, 365-366
Parallel morphological watershed-based
classification algorithm, 366-367
Parallel performance, evaluation of,
372-375
Parallel processing, 355
support for, 376
times with, 376
Parameter estimation
in the discrete stochastic mixture model,
124-125
in the normal compositional model,
134-135
in the normal mixture model, 117-118
in the stochastic mixing model, 119-120
“Parent” coefficients, 389
Partial ordering (P-ordering), 356
Partitioning, spatial-spectral, 391-393
Passive remote sensing, 152
Path-based similarity measure, 296-297
Path radiance, 153
Paths, of scene spectral radiance, 23-24
Pattern-based multispectral imaging
techniques, 3
Pattern noise, 35
Pattern-recognition approach, in overcoming
the Hughes phenomenon, 246
PCA + D-ordering classifiers, test
accuracies exhibited by, 371. See also
Principal components analysis (PCA)
PCA + D-ordering multichannel
morphological profiles, 369
PCA + R-ordering classifiers, test accuracies
exhibited by, 371
PCA eigenvectors, 88
PCA pre-processing, 163

Peano curve, 359
“Penalized Discriminant Analysis,” 248
Penalization parameter, 281
Perfect data, in the maximum volume
transform method, 189-191
Perfect synthetic data, maximum volume
transform algorithm applied to, 191
Performance measures, for hyperspectral
compression, 387-388
Performance modeling, 142-144
Photogrammetry, 29
Photon noise, 35
Photon Research Associates modeling effort,
42
Physical interpretation, of hyperspectral
data, 179-180
Pigeon-hole principle, 3—4
Pixel purity index (PPI), 93, 151, 191
Pixel purity (PP) method, 80
Pixel labeling, 208
Pixels
evaluating, 182
material species in, 183-184
Pixel spectrum, 184
Pixel vectors, 60, 366
in remote sensing, 357
spectral angle mapper between, 358
Plaza, Antonio J., 12, 353
POC performance, 404t. See also
Preservation of classification (POC)
for JPEG2000 encoding strategies, 401t
Point spread function (PSF), 33, 154-155
Pointwise accuracy, 326-327
assessing, 333, 340
Popup stack, 87-88
Possibility zone, 85
reference vector shape and, 88
Post-compression rate-distortion (PCRD)
optimization, 394-395, 397, 398
Posterior class probability estimation, 124
in the normal mixture model, 117
Potential endmembers, simplex of, 190, 194
Prescreener module, ORASIS, 81-88
Preservation of classification (POC), 13,
388. See also POC performance
Primal optimization, of SVMs, 283
Principal components (PC)
decomposing data into, 332-333
desirable properties of, 228



Principal components analysis (PCA), 8, 79,
151, 158, 227-228, 248, 359
Principal components transform, 112, 180
Prioritized fusion operator, 326
Prior probability values, 121
Prior probability values, estimation of, 124,
125
Prism system, 30
Probability density function, 114, 121
“Probability zone,” 91
Problem formulation, in the band-extraction
method, 249-250
Progressive semisupervised SVM classifier
(PS’VM), 278-279, 308. See also
PS*VM entries; Semisupervised
support vector machines (S*VMs);
Support vector machines (SVMs)
Progressive transmission, 379-380
Progressive TSVM (PTSVM) algorithm,
278, 288. See also Support vector
machines (SVMs)
“Projection Pursuit” technique, 248
Projection techniques, 151
PS*VM algorithm. See also Progressive
semisupervised SVM (PS>’VM)
classifier; Support vector machines
(SVMs)
in dual formulation, 285-293
PS*VM technique
convergence phase in, 292-293
initialization phase of, 287-288
results with, 304-306
semisupervised learning phase in,
288-292
Pseudo-inverse, 95
Pushbroom scanners, 28-29

Q-function, 167-168

o-Quadratic entropy, 320, 321, 348

Quadratic classification, in the normal
mixture model, 116

Quadratic loss, 284

Quadratic optimization problem, 283

Quadtree partitioning, 391

Quantization binwidth, 231, 234

Quantization constraint, 121

Radial basis functions, 337
Radiance contributions, mixing of, 26-27
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Radiance experiments, 37
Radiative transfer, in optimal band selection,
232-233
Radiometric accuracy, 34-36
Random endmembers, 5
Range stretching algorithm, 328
Rate allocation between spectral bands, 396
Rate-allocation strategies, across multiple
image components, 397-398
Rate-distortion-optimal bitstream, 397
Rate-distortion performance, 399—400, 401
for Cuprite, 402
for Jasper Ridge, 403
for Moffett, 402
Rayleigh criterion, 27-28, 33
Rayleigh probability density function, 161
Real data, fastica algorithm applied to,
163-165
Receiver operating characteristic (ROC)
curve, 41
Reconstruction filter bank, 382
Reduced feature subsets, 214
Reduced ordering (R-ordering), 356
Reed-Yu K-RXF, 58. See also RX filter
(RXF)
Reed-Yu RX filter, 55
Reference vector projections, 83-85
Reference vectors, multiple, 86—-87
Refinement bits, 386
Refinement coding, 386
Reflectance, surface, 24-25
Reflectance spectra, 231
Reflective Optics System Imaging
Spectrometer (ROSIS-03), test images
with, 329
Reflective test data, in the discrete stochastic
mixture model, 127
Reflooding, 367
Regularization approach, 216, 219
Regularization parameters, 281, 291
Reliable classifiers, 326
Remotely sensed data, maximum volume
transform method for, 183
Remotely sensed targets, alteration of
spectra of, 232
Remote sensing
applications of, 22
projection techniques in, 151
stochastic mixture modeling in, 138142



426 INDEX

Remote sensing-driven applications, vector
ordering schemes for, 354-355
Remote spectrographic analysis, for
interpreting hyperspectral data,
179-180
Reproducing Kernel Hilbert Space, 295
Representer Theorem, 285, 295
Resolution enhancement, stochastic mixture
modeling in, 142
Resubstitution strategy, 302
RGB image, 103, 104
Richards, John A., 10, 205
Root-mean-square abundance error, 130
R-ordering about the centroid approach,
359
R-RXF, 58. See also RX filter (RXF)
Rucker, Justin T., 13, 379
Runlength coding, 395
RX algorithm, 49
RX-anomaly detection, 7
algorithm for, 180
RX filter (RXF), 54
relationship to CEM, 57-58
relationship to OSP, 58-59
RX filter-based techniques, 55

S*VM Low-Density Separation (LDS)
algorithm, 293, 295-299
Sagnac interferometer, 31
“Salients,” 92
Salinas data set, 368
overall (OA), average (AVE), and
individual test accuracies for, 370t, 371,
372t
Sample covariance matrix, calculating,
228
Sample mean vector, calculating, 228
“Sanity check,” 82, 83
Satellite remote sensing systems, 27
Scale-invariant metrics, 337
Scanners, types of, 28-29
Scatter
between-class measure of, 210
within-class measure of, 210
Scene spectral radiance
physics of, 23-27
sources and paths of, 23-24
Schott, John R., 6, 19
Scratch border, 366

SE-based morphological image processing
operations, 365-366. See also
Structuring element (SE)

Segmentation labels, 367

“Semilabeled” patterns, 289, 291

Semilabeled samples, 277

Semisupervised learning methods, 276-277

Semisupervised learning phase, in the
PS*VM technique, 288292

Semisupervised support vector machines
(S*VMs), 5, 11, 308. See also Support
vector machines (SVMs)

experimental results for, 303-308
with Gradient-Descent-Based
Optimization, 294-295
for hyperspectral remote sensing image
classification, 275-311
model selection strategy for, 301-302
multiclass problem strategy and,
299-301
in primal formulation, 293-299
selection strategies for, 301-302
Sensor models, 67
Sensor noise, 35
in the stochastic mixing model, 119

Sensor performance metrics, 33-36, 4243

Sensor point spread function, 154-155

Sensors, high spatial resolution airborne and
spaceborne, 149

Sensor technology, 27-33

development of, 275

Separability metric, 126, 128

Separation hyperplane, 289, 290, 292

Sequential backward floating selection
(SBFS) method, 247

Sequential backward selection (SBS)
technique, 247

Sequential forward band partitioning
(SFBP), 11, 247, 250-251

algorithm for, 251

classification accuracy of, 256

properties of, 266

threshold searches performed by,
257-258

Sequential forward selection (SES)
technique, 247. See also SFS feature-
selection algorithm

comparison with FCBP, 261

Serpico, Sebastiano B., 10, 245



Set-Partitioning Embedded Block Coder
(SPECK), 391. See also SPECK
algorithm

Set Partitioning in Hierarchical Trees
(SPIHT) algorithm, 390-391, 393

SES feature-selection algorithm,
performance comparison with DBFE
feature-transformation method, 259—
263. See also Sequential forward
selection (SFS) technique

““Shade point,” 184

“Shadow” spectrum, 99

Shallow water remote sensing reflectance,
140

Shen, Sylvia S., 10

Shrinkwrap algorithm, 80, 191

“Shrink-wrap” approach, 181-182

Signal detection, 56

Signal estimation, 57

Signal-to-noise ratio (SNR), 13, 151, 160.
See also High-SNR channels;
Low-SNR channels; SNR performance

defined, 35
distortion measurement via, 387-388

Signature subspace classifier (SSC), 51

Signature variability, 155, 156, 172

Sign coding, 386

Significance-map coding, 386

techniques for, 389-396

Significance-map information coding, 393

Significance-propagation pass, 394

Significance state, 385

Significant coefficient, 386

Silverstein asymptotic distribution, 113

Simplexes

as convex sets, 185
“inflating,” 182

Simplex maximization algorithm, 187

Simplex method, 190

Simulated data, ICA and IFA evaluation
with, 158-160

Simulated maximum likelihood (SML)
algorithm, 134-135

Singular value decomposition (SVD), 151

6-band optimal band set, 235

612 material reflectance spectra, 232,
234

Slack variables, 336

Smax exemplar, 94
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SNR performance, for JPEG2000 encoding
strategies, 400t. See also Signal-to-
noise ratio (SNR)

“Soft” balancing constraint, 298

Soft margin SVMs, 281, 282. See also
Support vector machines (SVMs)

Soille’s watershed-based clustering, 371

Space-filling curve, 358-359

Spatial-domain partitioning, 364-365

Spatial filters, 97

Spatially correlated (SC) test set, 304

accuracy of, 305t

Spatially uncorrelated classification
problem, 307

Spatially uncorrelated (SU) test set, 304

accuracy of, 305t

Spatial resolution, 70

determining, 27

Spatial scanning, 28-29

Spatial/spectral developments, challenges of,
355

Spatial/spectral parallel implementations,
376

Spatial-spectral partitioning, 391-393

SPECK algorithm, 392. See also Set-
Partitioning Embedded Block Coder
(SPECK)

Spectra

linear superposition of, 108
resampling, 232

Spectral angle mapper (SAM), 99-100, 335,
337, 358, 359

Spectral angles, histograms of, 101

Spectral band design, methods for, 246

Spectral bands, 3

need for, 229
rate allocation between, 396

Spectral-based kernels, 316

Spectral calibration accuracy, 34

Spectral classes, 206

Spectral clustering, in the normal mixture
model, 116

Spectral decorrelation, 396

for multiple-component images, 396-397

Spectral-domain partitioning, 364

Spectral image exploitation methodology,
180

Spectral imaging systems, 10

Spectral information, effective use of, 3
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Spectral jitter, 34
Spectral metrics, 34
Spectral misregistration, 34
Spectral mixture modeling, 154
Spectral radiance, 23, 35
components of, 24
model for, 152-156
Spectral resolution, 34
Spectral selection techniques, 29-31
Spectral shape invariance, 155
Spectral signatures, 25, 169—170, 354-355
of land-cover types, 245
nonstationary behavior of, 276
Spectral smile, 34
Spectral systems, optimal band selection and
utility evaluation for, 10, 227-237,
237-240
Spectral unmixing, 110, 112, 355
Spectral variability, 155
Spectrographic analysis, 179—180
Spectroscopic knowledge, pixel labeling
based on, 208
Spherical kernels, 301
Standard maximum likelihood method,
216-218
Standard statistical classification procedures,
poor generalization of, 223, 224
Statistical interpretation, of hyperspectral
data, 179
Statistical models, parameter estimation
techniques for, 134
Statistical representation, in the normal
mixture model, 114-115
“Steepest Ascent” algorithm, 247
Steepest ascent band partitioning (SABP),
11, 251-253
algorithm for, 252-253
classification accuracy of, 256
metric-theoretic interpretation of,
267-270
properties of, 266
threshold searches performed by, 257-259
Stein, David W. J., 8, 107
Stepwise linear optimization, 194
Stepwise maximization, of endmember
volume, 187
Stochastic expectation maximization
(SEM), in the normal mixture model,
116-118

Stochastic mixing/mixture model (SMM), 5,
8, 107-148. See also Discrete
stochastic mixing model

applications of, 138-144

in coastal remote sensing, 140-142

discrete stochastic mixture model,
120-132

in geological remote sensing, 138—139

linear mixing model, 108-113

normal compositional model, 132-138

normal mixture model, 114-118

parameter estimation challenges in,
119-120

in resolution enhancement, 142

Stochastic optimization, 230, 231

Stochastic unmixing algorithm, 122-125

Structuring element (SE), 353. See also
SE-based morphological image
processing operations

morphological opening/closing operations
with, 331-332

Subpixels, 2-3

Subspace approximation, 211-212

Subspace projections, use in dimensionality
reduction, 186

“Successful”” band strings, 233

Successive-approximation quantization, 385

“Sufficiently similar” spectra, 82

Supervised kernel-based methods, 276

Supervised mixed pixel classification
algorithm, 355

Supervised SVMs, 285. See also Support
vector machines (SVMs)

Support vector machines (SVMs), 6, 208,
276. See also Semisupervised SVMs;
SVM methods; Transductive SVMs
(TSVMs)

classifier based on, 333-340
in the dual formulation, 279-283
for high-dimensional classification
problems, 315-316
linear, 335-336
nonlinear, 337-338
objective of, 280
in the primal formulation, 283-285
semisupervised techniques based on, 278
success of, 277-278
Support vectors (SVs), 281, 282, 284, 336
Surface reflectance, 24-25



SVM-based classifier, confusion matrix for,
339t. See also Support vector machines
(SVMs)

SVM methods, for hyperspectral image
classification, 279-285

Symmetric packet zerotree, 391

Synthetic data set, maximum volume
transform algorithm applied to, 191

Synthetic endmember spectra, used to
construct test data, 192, 196

System modeling, analytical, 40-42

Target-based detection, 3
Target-constrained interference-minimized
filter (TCIMF), 48, 53-54
Target detection
algorithms for, 97, 99
use of hyperspectral data in, 229
Target detection and classification
algorithms, 48
Target endmembers, 97
Target information, techniques using
different levels of, 49-52
“Target”-type material, 93-94
Tarp filtering procedure, 395
T-conorms, 323, 348
Terrain categorization, in ORASIS, 102-103
Test data, synthetic endmember spectra used
to construct, 192, 196
Test images, in decision fusion, 329
Test vector possibility zone, 85
Tetracorder algorithm, 138
Tetracorder system, 180
Thematic classification map, 333, 338
Thematic mapping, by maximum likelihood
methods, 218
Thematic maps, 340, 341
Theoretically perfect data, in the maximum
volume transform method, 189-191
Thermal imagery, 113
Thermal test data
in the discrete stochastic mixture model,
129-132
scatterplot of, 131
Three-band SPOT data, 3
3D dyadic transform, 399
3D embedded wavelet-based algorithms, 13
3D imagery, embedded wavelet-based
compression of, 381-387
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Three-dimensional wavelet-based
compression
compression performance in, 398-401
embedded, 381-387
of hyperspectral imagery, 379-407
JPEG2000 encoding strategies in,
396-398
significance-map coding in, 389-396
3D-SPECK algorithm, 392-393
3D tarp, 395
3D wavelet-based hyperspectral data
compression, 6
3D wavelet-based hyperspectral imagery
compression, 13
3D wavelet transform, 382-383
3D zerotree, 391
Thresholding degree, 296
Threshold searches, 257-259
Thunderhead system, 373, 376
Tiebreak approach, 359
T-norms, 323, 348
Topographic Engineering Center (TEC)
ground measurements, 231, 232
Training samples, 276
Transductive SVMs (TSVMs), 278. See also
Support vector machines (SVMs)
“True best fit”” method, 89-90
Tutorials, 5, 6
2D discrete wavelet transform, 382
2D dyadic transform, 399
Two-dimensional (2D) image coders,
wavelet transforms for, 382
Two-dimensional linearly mixed data, 195
2D-SPECK, 391-392
2D-transform decomposition, 382, 383
2D wavelet transform, 394
Two-stage band selection method, 228
Two-stage hierarchical model, 133

Uncompressed hyperspectral imagery, 379
Unconstrained demixing, 95-96
Uniform target detector (UTD), 56
Unlabeled samples, 277

losses for, 293-294
Unmixing

with EM algorithm, 167-171

in the maximum volume transform

method, 188-189
principal advantage of, 180
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Unreliable classifiers, 326

Unsupervised classification, on original
versus reconstructed image, 388

Up-welling radiance spectra, 113

Urban areas, classification of, 330-331

Urban remote sensing, 193

U.S. Geological Survey (USGS) digital
spectral library, 170

USGS Tetracorder system, 138, 180

Utility assessment, of optimal band sets,
237-240

Utility evaluation, for spectral systems, 10,
237-240

Variable nonlinearity, 184
Vector ordering schemes/strategies/
techniques
application-driven, 357-360
classes of, 356-357
for multidimensional morphological
operations, 356-360
for remote sensing-driven applications,
354-355
Vector organization scheme, 375
Vector-preserving operators, 358
Vegetation, spectral reflectance of, 24-25
Vertex component analysis (VCA), 151, 171
Virtual dimensionality (VD), 4, 371-372
“Virtual” end-member, 93-94
Vmax vertex, 94
Volume maximization, of an inscribed
simplex, 185-186

Water column, contribution to remote
sensing reflectance, 140-141
Water constituents, estimating, 140
Water quality parameters, estimates of,
141t
Watershed algorithms, parallelization of,
366-367
Watershed concept, 362
Wavelength sampling resolution, 232
Wavelet-based algorithms, embedded, 380
Wavelet-based coders, 384
Wavelet-based compression
of hyperspectral imagery, 379-407
schemes for, 380
Wavelet difference reduction (WDR)
algorithm, 395
Wavelet-packet decomposition, 383-384
Wavelet-packet transform, 383-384, 397
zerotree structure and, 391
Wavelet transforms, discrete, 381-384
Whiskbroom scanners, 28
White Gaussian noise, 60
“Whitening” process, 48
“Winner-Takes-All”” (WTA) rule, 301
Winter, Michael E., 9, 179
Within-class measure of scatter, 210
Within-class scatter matrix, 126

Zero-mean Gaussian process, 59
Zerotree root, 389
Zerotrees, 389-391

3D, 391



