Abidi, M. A., 373
Abstract fusion, 370-372
Access control, face recognition for, 269
Accuracy
generalization, 29, 118-119
vs. intrusiveness, 12-14
training, 28
ACON. See All-class-one-network
Activation functions in neuron models,
140-141
Adaptation
environment, 326-327
multisample fusion, 390-391
PDNN and MLLR, 319, 322
score, 391-393, 396-400
Adaptation parameter optimization
in multisample fusion, 401-402
in score adaptation, 396-397
Adaptive classifiers, 26
criteria on, 28-29
neural networks, 27-28
training samples, 28-29
training strategies, 28
Adaptive fusion weights, 372-373
Additive noise in speaker recognition, 286
Adverse environments, speaker
recognition in, 286
AF. See Articulatory features
Affine transformations, 41-42
AFIS. See Automatic fingerprint
identification systems
Ahuja, N. B., 35
Airport face recognition systems, 4, 242,
272-274

INDEX

All-class-in-one-network (ACON), 185,
187-188
vs. OCON, 189-190
output nodes in, 189
All-pole filters, 47
American Civil Liberties Union (ACLU)
system evaluations, 4, 6,
241-242
AND operators, 371-372
Antireinforced learning
in DBNNs, 213-215
in GS learning, 227-228, 234
in hybrid learning, 217-218
in local winners, 220
in PDBNNs, 224, 233-234
Antispeakers, 288-289, 291-297
Approximate-based formulation, 142
ARPA/ARL FERET database, 261-262
Articulatory features (AF), 353-354
feature extraction in, 354-356
speaker verification in, 356-358
spectral features with, 358-361
Artificial IDs, 14
Atick, J., 248
ATM (automatic teller machine) access, 4
Audio and visual (AV) fusion, 404-406
feature extraction in, 405-406
multisample, 406-408
Audio-based feature extraction and
pattern classification, 35. See
also Speaker recognition
high-level features in, 40
low-level features in, 35-40

457



458 Index
robustness in, 41-42 Blanz, V., 6
speech-based classification schemes, Blind handset-distortion compensation,
42-43 345-353
Automatic fingerprint identification Blind stochastic feature transformation
systems (AFIS), 31 (BSFT), 346
Automatic sensors, 15 comparison with other models,
AV. See Audio and visual fusion 350-351
Average DET curves, 416-417 computational considerations,
Axon connections, 27 351-352
performance measures and results,
Back, A. D. 350

face recognition rate, 263
feature selection, 35
Back-propagation (BP) algorithms,
144-147
in LBF networks, 148
in RBF networks, 116, 148-151
Background noise compensation, 42
BACOB phone banking systems, 6
Bahler, L.
speaker recognition FRR, 285
speaker scores, 284
speaker verification evaluations, 301
speech-based biometrics, 43
Balanced binary classification problem,
222
Baldi, P.
facial feature extraction, 33
feature selection, 35
Baluja, S., 252
BANCA database, 132
Bandpass filtering, 41
Basis functions in neuron models,
140-141
Bayes optimality property, 89
Bayesian approaches
multiclass probabilistic DBNNs, 231
speaker verification, 171
straight lines in, 133
two-category classification problem,
250
Behavioral-based authentication
methods, 2
Ben-Yacoub, S., 133
Benefit fraud prevention, 7
Bernier, O. J., 34
Binary encoding for genetic algorithms,
162

phases of, 346-348
speech data and features in, 350
two-dimensional example, 348-349
Boser, B. E., 85
BP. See Back-propagation algorithm
Brains, sensor fusion in, 369
Breeding, K. J., 31
Bridle, J. S., 154
Brunelli, R.
fusion weights, 373
HyperBF network, 170
template-based facial extraction, 33
BSFT. See Blind stochastic feature
transformation
Building gate control, 4
Byun, H., 171

C parameter in SVMs, 119
Campbell, W. M., 132
Cardinaux, F., 171
Carlson, B. A., 284
Castrillon, M., 132
CDCN. See Codeword-dependent
cepstral normalization
Central controllers, 15
Centralized systems, 15-16
Cepstral mean subtraction (CMS), 41
in AF, 359-361
in BSFT, 350-351
in OOH rejection, 332, 340-343
Chalmers, D. J., 160
Channel distortion
compensation techniques, 303-304,
345-353
mismatch equalization, 41-42
OOH rejection. See Out-of-handset
rejection



Index

459

SFT in. See Stochastic feature
transformation
stochastic model transformation,
318-332
Channel fusion
class-dependent, 375-377
data-dependent, 376-379
Chauvin, Y.
facial feature extraction, 33
neural networks for feature
selection, 35
Chellappa, R., 243
Chromosomes in genetic algorithms, 159
Chung, Y., 171
Cipolla, R., 243
Claimants in voice recognition, 281
Class-based modular networks, 185-187
ACON vs. OCON networks, 189-190
OCON structures, 188-189
Class conditional likelihood density
in DBNNs, 214
in hierarchical networks, 203
Class-dependent channel fusion, 375-377
Class-level partitioning strategies, 202
Classes-in-expert structures, 202-205
Classic XOR problem, 144
Classification, 19
in decision-based formulation, 142
in face recognition, 242, 249-250
in speech-based biometrics, 42-43
SVMs for, 423-427
visual-based. See Visual-based
feature extraction and pattern
classification
Classifier channels, 373-374
Classifiers, 26
criteria on, 28-29
least-squares, 89-90
neural networks, 27-28
training samples, 28-29
training strategies, 28
two-class, 87
Clearly separable case in SVM networks,
111
Cluster representation, 51
Cluster-then-project method, 26
Clustering methods, 25-27
CMS. See Cepstral mean subtraction

Coder distortion, 8

Codeword-dependent cepstral
normalization (CDCN), 303

Cognitec system, 5, 272

Collobert, M., 34

Combined sensors, 98

Commercial applications, face
recognition, 274-276

Committee machines, 190

Compatibility, feature extractor and
classifier, 19-20

Complete-data likelihood EM derivation,
58-61

Complexity of EM, 64

Computer fraud, 2

Confusion matrices, 334-335

Connection networks in neuron models,
140

Consumer applications, 3

Contour lines, RBF vs. EBF networks,
156

Convergence properties

EM, 54, 57-58, 414-415
GS learning, 234-236

Convolutional bias compensation, 42

Convolutional distortion, 286

Coordinate translation effects in XOR
problem, 124-126

Cost-effective system classifier
implementation, 29

Cox, I. J., 31
Cresceptron, 35, 249
Criteria

adaptive classifiers, 28-29
feature extraction, 20-21
LSE vs. SVM, 116-117
Critical band scale, 282
Curse of dimensionality
in facial region, 261
in feature-level fusion, 370
in statistical template matching, 244

Data compression in feature extraction,
20
Data-dependent channel fusion, 376-379
Data-dependent decision fusion
architecture, 380-381
Gaussian example, 383-385



460

Index

in multisample fusion, 403
theoretical analysis, 381-383
Data fusion. See Multicue data fusion

Data sets

AV fusion, 405-407

multisample fusion, 393, 400-401
Data storage requirements, 18-19
Daugman, J. G., 33
Davies, S. B., 282

Davis, L., 160
DBNNSs. See Decision-based neural
networks

DCEF. See Detection cost function
DD fusion. See Data-dependent decision
fusion
Decision-based credit-assignment
principle, 212-213
Decision-based formulation, 142-143
Decision-based neural networks
(DBNNs), 17, 209
application examples, 237
basic, 209-210
in face recognition, 249-250
hierarchical design of, 216-221
learning rules in, 210-214
vs. LVQ, 220-221
vs. MOE, 214-216
multiclass probabilistic, 228-229
false acceptances and rejections
in, 230-232
learning rules for, 233-236
structure of, 229-230
PDBNNS. See Probabilistic
decision-based neural networks
two-class probabilistic, 221-224
discriminant PDBNN functions,
224-226
learning rules for, 226-228
threshold updating in, 228
Decision boundaries
in DBNNs, 209
in linear SVM separation, 93-97,
103-106
in probabilistic speaker models, 297,
299
in RBF vs. EBF networks, 156
Decision confidence in fuzzy separation,
107

Decision fusion, 371, 378
AV, 408
data-dependent, 380-383
Gaussian example, 383-385
Decision hyperplanes, 86
Decision strategies in speech-based
biometrics, 43
Decision thresholds in probabilistic
speaker models, 294
Deflation procedure, 43
Deformable templates, 32
DeLong, J., 43
Delta cepstrum, 41
Dempster, A. P., 52
Deng, L., 171
Deniz, O, 132
Design tradeoffs, 11-12
accuracy vs. intrusiveness, 12-14
centralized vs. distributed systems,
15-16
data storage requirements, 18-19
feature extractor and classifier
compatibility, 19-20
processing speed, 16-18
recognition vs. verification, 14-15
Detection cost function (DCF), 401
Detection error tradeoff (DET) curves,
12-13
AV fusion, 407-409
average, 416-417
BSFT, 350
multisample fusion, 395, 408
OOH rejection, 341, 343-345
probabilistic speaker models, 299
speaker verification systems, 285
Detection-level sensor fusion, 369-373
Digalakis, V., 304
Dimension reduction
projection methods for, 21-24
in template-based facial extraction,
33
Ding, P., 133
Discriminant functions
DBNNs, 210
hybrid learning schemes, 217-218
neuron models, 141
PDBNNSs, 224-226
supervised-learning networks, 139



Index

461

Distortion, speaker recognition, 286
compensation techniques, 303-304
mismatch equalization, 41-42
OOH rejection. See Out-of-handset
rejection

SFT in. See Stochastic feature
transformation

stochastic model transformation,
318-332

Distributed systems, 15-16

Divergence-based OOH rejection, 338

Divide-and-conquer principle, 196, 206

Doddington, G., 341

Doubly-stochastic EM, 54-55, 72-78

Druyts, P., 372

Duchnowski, P., 408

Duin, R. P. W., 378

Dynamic parameters in audio-based

feature extraction, 39-40

Dynamic scores for SVMs, 132

Dynamic time warping (DTW)

techniques, 42

E-banking system storage requirements,
18
E (estimation) step in EM, 52, 62
Ease of processing in feature extraction,
21
EBF. See Elliptical basis function
networks
EBF-type likelihood functions, 71-72
EER. See Equal error rate
Eigenface technology, 3, 131
Eigenvalue problem, 88
Elliptical basis function (EBF) networks
for EM, 61
of PDBNNSs, 225-226
in probabilistic speaker models,
287-289, 301-302
and RBF networks, 148-149, 154-156
EM. See Expectation-maximization
algorithm
Embedded genetic algorithms, 161-162
Enrollment procedures
BSFT, 346-348
multisample fusion, 393-394, 401
probabilistic speaker models,
291-292

stochastic model transformation,
326
Entropy interpretation of EM, 65-66
GMM case, 71-72
incomplete-data likelihood, 66-67
iterations in, 69-71
K-means vs. EM, 71-72
simulated annealing, 67-69
Environment adaptation in stochastic
model transformation, 326-327
Equal error rate (EER)
AF, 359-362
AV fusion, 407-408, 410
BSFT, 350-351
HTIMIT speech, 315-318
multisample fusion, 402
OOH rejection, 340-345
probabilistic speaker models,
294-297, 301-302
score adaptation, 397-400
speaker recognition, 284-285
Equal weight (EW) fusion, 384-385,
395-398, 402-403, 408-409
Er, M. J., 170
Eshelman, L. J., 160
FEuclidean distance-based OOH rejection,
338-339
Expectation-maximization (EM)
algorithm, 50
for BSFT, 350-351
convergence properties of, 414-415
description, 52-54
doubly-stochastic, 54-55, 72-78
entropy interpretation of, 65-66
GMM case, 71-72
incomplete-data likelihood, 66-67
iterations in, 69-71
K-means vs. EM, 71-72
simulated annealing, 67-69
GMM, 51-52
for HME models, 206
K-means and VQ algorithms, 50-51
for local experts, 191
in LU learning, 226
RBF-SVM combined with, 130-131
for SVM large data sets, 118



462

Index

traditional derivation of, 54
complete-data likelihood, 58-61
convergence property, 57-58
EM for GMMs, 61-65
general analysis, 54-57

for voice recognition, 280

Expert-based modular networks, 186-187

Expert-level modules, 202

Expert-level partitioning strategies, 202

Experts-in-class structures, 202-205

Extracting features. See Feature
extraction

Eye detection, 131

Eye localization, 255-256, 260

Face module, 133
Face recognition, 4-6, 241-243
application examples, 268-270
airport security, 272-274
commercial, 274-276
network security and access
control, 270
three-dimensional CG models,
274
video indexing and retrieval,
269-272
class modeling, 131
databases, 132
detectors, 242
eye localization, 255-256, 260
face detection, 250-255, 260
facial pattern classification
techniques, 249-250
feature extraction techniques
feature-invariant approaches, 243
template-based, 244-249
PDBNN. See Probabilistic
decision-based neural networks
reality and challenge, 3-6
realtime, 256-258
storage requirements in, 18
Face Recognition Vendor Test 2002, 5-6
Face recognizers, 242
Face verifiers, 266
Facelt recognition system, 3, 241
FaceVACS system, 3
Facial feature extraction techniques
feature-invariant approaches, 243

template-based approaches, 244-249
Facial pattern classification techniques,
249-250
Falavigna, D., 373
False acceptance rate (FAR), 12-13
elements of, 14
in face recognition, 250, 264-265
in speaker recognition, 7, 284-285,
296-298, 301-302
False acceptances and rejections
in face recognition, 264
in multiclass probabilistic DBNNS,
230-232
in voice recognition, 281, 285
False positive rate (FPR), 12-13
False rejection rate (FRR), 11, 13
elements of, 14
in face recognition, 7, 250
in multisample fusion, 402
in speaker recognition, 284-285,
296-298, 301-302
FAR. See False acceptance rate
Fast convergence, 54
FDNNSs. See Fuzzy decision neural
networks
Feature-based template matching
approach, 246
Feature extraction, 19-20
in AF, 354-356
audio-based, 35, 281
high-level features in, 40
low-level features in, 35-40
robustness in, 41-42
speech-based classification
schemes, 42-43
in AV fusion, 405-406
classifier compatibility with, 19-20
clustering methods, 25-27
criteria of, 20-21
in face recognition, 242-243
feature-invariant approaches, 243
template-based, 244-249
feature selection in, 24-25
local experts for, 191
in multisample fusion, 393, 401
in probabilistic speaker models,
290-291



Index

463

projection methods for dimension
reduction, 21-24
visual-based, 30-31
geometric features in, 31-32
neural networks in, 34-35
subspace projection in, 34
template features in, 32-33
texture features in, 33
Feature-invariant extraction approaches,
243
Feature-level sensor fusion, 369-370
Feature point localization, 32
Feature reduction, 21-24, 34
Feature space, 19
Feature transformation
BSFT. See Blind stochastic feature
transformation
in handset and channel
compensation techniques, 303
SFT. See Stochastic feature
transformation
Feraund, R., 34
Filter-bank-based cepstral parameters, 39
Fine, S., 132
Fingerprint identification, 17, 31, 35
Finite-decomposable kernels, 114-115
Fisher discriminant power, 88
Fisher scores with SVMs, 132
Fisher’s discriminant, 85, 88-90
Fisher’s Linear Discriminant (FLD)
analysis, 85-86
Bayes optimality property, 89
Fisher’s discriminant analysis in,
89-90
vs. least-squares classifiers, 89-90
two-class classifiers in, 87
in template-based approaches,
245-246
Fitness measures, genetic algorithms for,
162-163
5-point linearly nonseparable problem,
99-100
Fixed SVM network architecture, 116
FLD. See Fisher’s Linear Discriminant
4-point problem
linear SVMs separable case, 96-97
XOR, 101, 113
FPR. See False positive rate, 12-13

Frontal view faces, 261-263
FRR. See False rejection rate
Fusion. See Multicue data fusion
Fuzzy decision neural networks
(FDNNSs), 239-240
Fuzzy separable case, 111-112
Fuzzy separation
linear SVMs. See Linear SVMs
nonlinear SVMs, 111-112

Gabor wavelets
in feature point localization, 32
in text-based facial extraction, 33
GANNET system, 160
Gating networks
in expert-based modular networks,
186
in HME networks, 199
in MOE networks, 191-192
for multichannel fusion, 374-375
Gaussian distributions
data-dependent decision fusion
model, 383-385
in feature-invariant facial extraction,
243
in neuron models, 141
in SFT, 309-310
in template-based facial extraction,
33
in two-stage training algorithms, 154
Gaussian kernels in RBF neural
networks, 170
Gaussian mixture models (GMMs), 25-27
in adaptation algorithm, 390
in BSFT, 348-349, 352
as class-based structure, 188-189
in EM, 51-52, 61-65, 71-72
in entropy interpretation, 71-72
in neural networks, 171
in OOH rejection, 337-338
in speaker modeling, 283
kernel-based, 287
probabilistic, 292-293, 301-302
in speaker recognition, 42, 171,
418-422
with SVMs, 132
Generalization accuracy
for classifiers, 29



464

Index

in nonlinear SVMs, 118-123
Generalized EM, 58
Generative SVM models, 132
Genetic algorithms for multi-layer
networks, 158-159
applications, 160-161
basic elements, 159
experiments and results, 164-170
for fitness measures, 162-163
operation of, 159-160
for RBF, 161-162
RBF-GA hybrid algorithm, 163-170
for selection and reproduction, 163
Genoud, D., 378
Geometric visual-based features, 31-32
Ghosn, J, 31
Giles, C. L.
face recognition rate, 263
neural networks, 35
Global-level processing in template-based

methods, 32
Globally supervised (GS) phase and
training

convergence properties of, 234-236
in hybrid learning schemes, 216-219
in probabilistic speaker models, 292
for subnet parameters, 233-234
for thresholds, 234

GMDMs. See Gaussian mixture models

Goldberg, D. E.; 162

Golomb, B. A., 33

Gonzalez, R. C., 373

Gopinath, R. A., 132

Group vector quantization (GVQ)

algorithms, 171
GS. See Globally supervised phase and
training

GSM-transcode speech, 399-400

Gunn, S. R., 31

Guo, Y.
facial feature extraction, 33
modular applications, 206
RBF neural networks, 170-171

Gupta, C. S., 354

Gutta, S., 205-206

Guyon, I. M., 85

Handset differences in OOH rejection,
334-336
Handset distortion, 301-303
compensation techniques, 303-304,
345-353
OOH rejection. See Out-of-handset
rejection
SFT. See Stochastic feature
transformation
stochastic model transformation,
318-332
Handset selectors in SFT, 310-311
Handset-specific normalization, 357-358
Hang Seng index, 24
Hatef, M., 378
He, J., 171
Hebb, D. O., 27
Hegde, U., 160
Heisele, B., 131
Hernandez, M., 132
Hidden Markov models (HMMs)
in speaker modeling, 283
for speech-based biometrics, 42
Hidden nodes in nonlinear SVMs,
112-116
Hidden-state problem in EM, 54-55
Hierarchical machine learning models,
195-196
experts-in-class and classes-in-expert
structures, 202-205
mixture-of-experts, 196-202
Hierarchical mixture-of-experts (HMEs),
186, 196-202
applications, 206
in data-dependent channel fusion,
377
Hierarchical networks and design, 202
for decision-based learning
networks, 216-221
for face recognition systems, 266-268
for sensor fusion, 373-374
class-dependent channel fusion,
375-377
data-dependent channel fusion,
376-379
PDBNNSs for multichannel fusion,
374-375
Higgins, A.



Index

465

speaker recognition FRR, 285
speaker scores, 284
speaker verification evaluations, 301
speech-based biometrics, 43
High-frequency components in facial
extraction, 33
High-level features in audio-based
extraction, 40
Hinton, G. E., 144
HMESs. See Hierarchical
mixture-of-experts
HMMs. See Hidden Markov models
Hnorm approach, 327-331
Holland, J. H., 159
Home banking, 6
Hong Kong stock market, 24
Hough transform, 32
HTIMIT speech corpus
for AF, 358-359
evaluation of, 311-315
in multisample fusion, 391, 393, 402
in score adaptation, 396-399
in stochastic model transformation,
326, 330
transcoded, 315-318
Huang, J. R. J., 131, 205-206
Huang, T. S., 35
Human brains, sensor fusion in, 369
Hurst, W., 408
Hybrid learning schemes, 216-221
Hybrid MLP-RBF models, 284
HyperBF networks, 170, 373

ID3D Handley system, 31

Identification time, 16-18

Identix face recognition system, 4,
241-242, 275-276

Ii, D., 131

IIR filters, 36

IM66 face database, 267

Image-based biometric identification,
30-31

Imposter pass rate, 12-13

Imposters in voice recognition, 281, 284

Incomplete-data likelihood in entropy
interpretation, 66-67

Incremental training, 230

Independent Component Analysis (ICA),
23-24, 132
Indexing
video, 269-272
voice, 7
Informativeness in feature extraction, 21
Initial layer in BP algorithm, 146
Inner blocks in hierarchical networks,
202-203
Instantiation space, 19
Interclass communication, MOEs
vs. DBNNs, 214
Intruder patterns, 263-264, 268
Intrusiveness vs. accuracy, 12-14
Invariance and noise resilience for
classifiers, 29
Invariance assurance in PDBNN face
recognition, 264-266
Invariance in feature extraction, 21, 30
Invariance properties of SVMs
fuzzy separation, 107-108
pattern classification, 425-426
Iris codes in facial extraction, 33
Iteratively reweighted least square
(IRLS) algorithm, 71, 201-202

Jacobs, R. A.
gating network implementation, 199
IRLS algorithm, 71, 201-202
K-independent binomial models,
198
Jain, L. C., 160
Jensen difference, 333-334, 340, 343-344
Jiang, H., 171
Johnson, R. P., 160
Joint additive compensation, 42
Jonathon. P., 205-206
Jordan, M. I.
gating network implementation, 199
IRLS algorithm, 71, 201-202
K-independent binomial models,
198
Jourlin, P, 378
Juang, B. H., 43

K-independent binomial models, 198
K-means algorithms, 50-51
vs. EM, 71-72



466

Index

in LU learning, 226
in RBF center determination, 161
for SVM large data sets, 118
in two-stage training algorithms,
151-153
K-nearest-neighbor algorithm, 26
K-output HME classifiers, 196, 198
Kamm, T., 341
Kanade, T.
facial features, 31
neural network models, 252
Karush-Kuhn-Tucker conditions, 93, 114,
118
Kaufman, G. J., 31
Kelly, M. D., 243
Kernel-based probabilistic speaker
models, 286-287
comparisons, 290-301
EBFNs in, 287-289
GMDMs in, 287
PDBNNSs in, 289-290
Kernel parameters for pattern
classification, 425
Kirchhoff, K., 355
Kittler, J.
face detection, 132
multichannel fusion, 378
subspace projection for feature
reduction, 34
Knowledge-based approaches for feature
point localization, 32
Kostin, A.
face detection, 132
subspace projection for feature
reduction, 34
KuicNet, 24
Kung, S. Y.
decision-based training rule, 213
EBF neural networks, 170
enrollment process, 292
facial feature extraction, 33
HTIMIT corpus used by, 312
MFCC vs. LPCC, 318
neural networks for feature
selection, 35
PDBNN and MLLR adaptation
study, 319

PDBNN model for face detection,
252-253
speech production properties, 354
Kuritaa, T., 206
Kurtosis of processes, 23

Lagrange multipliers, 63, 68
Lagrangian optimization in dual domain,
111-112
Laird, N. M., 52
Large data sets in SVMs, 117-118
Large-scale evaluations
multisample fusion, 400-404
in probabilistic speaker models,
296-297
Laurila, K., 357
Lawrence, S.
face recognition rate, 263
neural networks for feature
selection, 35
LBFs. See Linear basis functions and
networks
LDA. See Linear discriminant analysis
Learning and learning rules
GS. See Globally supervised phase
and training
hierarchical learning models,
195-196
experts-in-class and
classes-in-expert structures,
202-205
mixture-of-experts, 196-202
hybrid, 216-221
LU, 217, 292
in neural networks, 28
for PDBNNSs, 226-228, 233-236
in supervised-learning networks, 139
Learning vector quantization (LVQ)
algorithm, 171
vs. LBG and GVQ, 171
vs. RBF DBNN, 220-221
Least-squares classifiers, 89-90
Lee, C. H.
random bias, 304
SFT technique, 305
speech-based biometrics, 43
Lee, K., 171
Leung, K. Y., 354



Index

467

LFA. See Local feature analysis
Lin, L. J.
facial feature extraction, 33
neural networks for feature
selection, 35
PDBNN model for face detection,
252-253
Lin, S. H.
facial feature extraction, 33
neural networks for feature
selection, 35
PDBNN model for face detection,
252-253
video indexing system, 269-271
Linde-Buzo-Grey (LBG) algorithm, 171
Linear basis functions (LBFs) and
networks, 140-141
EM methods, 81
MOE, 192-193
multi-layer, 143
two-stage training for, 157-158
Linear discriminant analysis (LDA), 85
Linear features, 23
Linear prediction (LP)
in audio-based feature extraction,
35-37
in voice recognition, 282
Linear SVMs
fuzzy separation, 97
decision boundary in, 103-106
invariance properties in, 107-108
probabilistic function for decision
confidence in, 107
purpose of, 97-98
support vectors in fuzzy region,
101-103
Wolfe dual optimization in,
98-101
for pattern classification, 423-424
separable case, 90-91
decision boundary in, 93-97
margin of separation in, 91-92
support vectors in, 93
Wolfe dual optimization in, 92
Linearly proportional probability
function, 107
Lippmann, R. P., 154
Liu, L., 171

Liu, Y., 133
Local classification and
recommendations, 191
Local experts in MOE networks, 191-192
Local feature analysis (LFA), 246-249
Local spectral characteristics, 41
Local winners in hybrid learning
schemes, 219-221
Locally distributed networks, 202
Locally unsupervised globally supervised
(LUGS) learning, 217
Locally unsupervised (LU) phase and
training
in hybrid learning schemes, 216-217
in probabilistic speaker models, 292
Log-likelihood in EM derivation, 56-58
Logan International Airport security, 4,
242, 272
Lombard effect, 286
Loss functions in SVMs, 116-117
Low-frequency components in facial
extraction, 33
Low-level features
in audio-based feature extraction,
35-40
with high-level speaker information,
7
LP. See Linear prediction
LPC-coded corpus, 316
LPCCs (LP-derived cepstral coefficients)
in audio-based feature extraction,
38-39
for HME models, 206
vs. MFCC, 318
LSE vs. SVM learning criteria, 116-117
Lu, J., 170
LU. See Locally unsupervised phase and
training
Luettin, J.
multiple channel fusion, 378
SVM experiments, 133
LUGS. See Locally unsupervised globally
supervised learning
LVQ. See Learning vector quantization
algorithm

M (maximization) step in EM, 52, 62
Macy, R. B., 189



468

Index

Mahalanobis distance metric, 26, 148
Mak, M. W.
EBF neural networks, 170
enrollment process, 292
HTIMIT corpus used by, 312
MFCC vs. LPCC, 318
nonlinear transformation estimates,
304
PDBNN and MLLR adaptation
study, 319
speech production properties, 354
Manjunath, B. S., 243
MAP (maximum a posteriori) criteria
for BSFT, 346-347
in multisample fusion, 401
in neural networks, 171
in speaker modeling, 283
in stochastic model transformation,
318-319
Marcel, S., 171
Margin of separation
fuzzy, 99
linear SVMs, 91-92
Marginal boundaries in fuzzy separation,
104
Marginal data points in SVMs, 117
Marginal hyperplanes, 86, 91
Markov models
in audio-based feature extraction, 40
in speaker modeling, 283
for speech-based biometrics, 42
Martin, A.
DET curves for OOH rejection, 341
handset performance, 7
Matas, J., 378
Matlab projects
GMDMs and RBF networks for
speech pattern recognition,
418-422
SVMs for pattern classification,
423-427
Maximum a posteriori. See MAP criteria
Maximum-likelihood (ML) criteria
in neural networks, 171
in speaker modeling, 283
Maximum-likelihood estimation (MLE),
414

Maximume-likelihood linear regression
(MLLR)
in handset and channel
compensation techniques, 304
in stochastic model transformation,
318-331
Maximum mutual information (MMI),
283
Maxnet for local winners, 219
McCulloch-Pitts neuron model, 27, 140
MCE. See Minimum classification error
Mean-squared error (MSE) in neural
network training, 162
Medical records security, 7
Meier, U., 408
Mel-frequency cepstral coefficients
(MFCCs)
in AF, 358-362
in audio-based feature extraction,
39-40
in BSFT, 350
for handset-specific normalization,
357
for HME models, 206
vs. LPCC, 318
Mel-scale filter banks, 282
Membership of data patterns, 51
Mermelstein, P., 282
Messer, K.
face detection, 132
subspace projection for feature
reduction, 34
MFCCs. See Mel-frequency cepstral
coefficients
Miller, G. F., 160
Minimal side-effect learning rules,
219-221
Minimum classification error (MCE)
in DBNN learning, 217
in speaker modeling, 283
Misclassified patterns, 264
Miss probability. See False rejection rate
Miss rates in speaker verification
systems, 285
Mixture-of-experts (MOE) networks, 190
vs. DBNNs, 214-216
hierarchical, 196-202
LBF, 192-193



Index

469

local experts and gating networks,
191-192
vs. MLP, 195
for multimodel verification systems,
369
RBF, 193-194
ML. See Maximum-likelihood criteria
MLE. See Maximum-likelihood
estimation
MLLR. See Maximum-likelihood linear
regression
MLPs. See Multi-layer perceptions
Model transformation
BSFT. See Blind stochastic feature
transformation
in handset and channel
compensation techniques, 303
SFT. See Stochastic feature
transformation
Modified-mean cepstral mean
normalization, 41
Modified neural tree networks, 284
Modular and hierarchical networks, 185
application examples, 205-207
class-based, 185-190
machine learning models, 195-205
mixture-of-experts, 190-195
MOE networks. See Mixture-of-experts
networks
Moghaddam, B.
compression, 18
face recognition rate, 262
subspace projection for feature
reduction, 34
Montana, D. J., 160
MSE. See Mean-squared error in neural
network training
Multichannel fusion, 374-375
Multiclass linear perceptrons, 238-239
Multiclass linear separability, 238
Multiclass probabilistic DBNNs, 228-229
false acceptances and false rejections
in, 230-232
learning rules for, 233-236
structure of, 229-230
Multicue data fusion, 368-369
audio and visual biometrics, 404-408

multisample fusion. See Multisample
fusion
sensor fusion, 369-370
decision-level, 370-373
feature-level, 370
hierarchical neural networks for,
373-378
Multi-expert connectionist models, 284
Multi-layer neural networks, 139-140
application examples, 170-171
back-propagation algorithms,
144-151
classic XOR problem in, 144
genetic algorithms for. See Genetic
algorithms for multi-layer
networks
LBF, 148
neuron models, 140-143
RBF, 148-151
two-stage training algorithms in,
151-158
Multi-layer perceptions (MLPs), 17, 143
in AF extraction, 355-356
vs. MOE, 195
in neural networks, 171
in speaker modeling, 284
Multinomial models, 198-199
Multiple-cluster GMMs, 89
Multiple-subnet PDBNNSs, 233-236
Multisample fusion, 378-380
AV, 406-408
data-dependent decision fusion
model architecture, 380-385
experiments and results, 393-396
large-scale evaluations, 400-404
prior score adaptation in, 389-393
sorted scores, 385-389
Multistate HMMs, 283

Navratil, J., 132
Nearest-neighbor criterion, 50, 71
Negotiation with gating networks, 191
Nervous activity, 27
Neti, C.

AV fusion, 408

fusion weights, 372
Network properties, MOEs vs. DBNNS,

214



470

Index

Network security, face recognition for,
270
Neumeyer, L., 304
Neural networks, 27-28
decision-based. See Decision-based
neural networks
for feature point localization, 32
for feature selection, 34-35
multi-layer. See Multi-layer neural
networks
probabilistic. See Probabilistic
decision-based neural networks
in speaker modeling, 283-284
for speech-based biometrics, 42
Neuron activation, 140
Neuron units, 27
NIST speaker recognition, 7, 286, 350
Nixon, M. S.,; 31
Noise
in audio-based feature extraction, 42
in probabilistic speaker models,
299-301
in speaker recognition, 286
in template-based facial extraction,
33
Noise resilience for classifiers, 29
Noisy XOR problem, 113
Nonadaptive fusion weights, 372
Nonintrusive face recognition, 3, 241
Nonlinear feature transformation,
305-308
Nonlinear SVMs, 108-109
generalization performance of,
118-123
hidden nodes and retrieval speed in,
112-116
for pattern classification, 424-425
scaling effects in, 129-131
shifting effects in, 124-128
training criteria and running time
in, 116-118
two-layer network architectures,
109-112
Normalization
AV fusion scores, 407
handset-specific, 357-358
OOH rejection, 338-339
speaker scores, 43

Normalized correlation method, 132
Nuance Verifier, 7

Observable-data term in EM entropy
interpretation, 67
OCON. See One-class-one-network
structures
O’Leary, G. C.
HTIMIT corpus used by, 312
imposter models, 284
Olivetti Research Laboratory (ORL) face
database, 170-171
On the margin SVs, 102
One-class-one-network (OCON)
structures, 186, 188-189
vs. ACON, 189-190
for multiclass classification, 211
One-level networks, 196
Online transactions, 6
OOH. See Out-of-handset rejection
Optional weights in approximate-based
formulation, 142
OR operators, 371-372
Ordowski, M., 341
Oscillation problem in GS learning
convergence, 236
Out-of-handset (OOH) rejection, 332-333
handset differences in, 334-336
Jensen difference in, 333-334
normalization in, 338-339
results and discussion, 339-345
seen and unseen handsets in,
336-337
in speaker verification, 337-338
Outer blocks in hierarchical networks,
202-203
Outlier SVs, 103
Output values
in neuron models, 141
in supervised-learning networks, 139
Overtraining in nonlinear SVMs, 119

Paliwal, K. K.
AV fusion, 408
fusion weights, 372
Palm, G., 171
Palm Beach International Airport, 4,
241-242



Index

471

Pandya, A. S., 189
Parameter estimation in EM, 52-53
Parameter specification, MLP vs. MPE,
195
Parker, D., 144
Parthasarathy, S.
imposter models, 284
speech-based biometrics, 43
Partial-data problem in EM, 54-55
Partitioning strategies, 202
Parzen windows approach, 26, 154
Passport checking systems, 5
Passwords, 6-7
Pattern class oriented structures, 186
Pattern classification
in face recognition, 242
SVMs for, 423-427
Pattern matchers, 15
Pattern space oriented structures, 186
PCA. See Principal component analysis
PDBNNSs. See Probabilistic
decision-based neural networks
pdf (probability density functions), 188
Penev, P., 248
Pentland, A. P.
compression, 18
face recognition rate, 262-263
facial feature extraction, 33
subspace projection for feature
reduction, 34
Perceptron
in DBNNs, 209
multiclass linear, 238-239
and neural classifiers, 85-86
Performance measures
BSFT, 350
classifiers, 28-29
multisample fusion, 401
nonlinear SVMs, 118-123
speaker recognition, 285-286
Phone conversations, 42. See also
Handset distortion
Phonetic features, 354
Physical intrusiveness, 12
Physiological-based authentication
methods, 2
Piecewise linear feature transformation,
308-309

Pierrot, J. B., 285
Pilot experiments in probabilistic speaker
models, 294-296
Pitts, W., 27, 140
Plumbley, M. D., 160
Poggio, T.
face detection, 251-252
HyperBF network, 170
SVM application, 131
template-based facial extraction, 33
Pole-filtered cepstral mean subtraction,
41
Polynomial SVMs
scaling effect on, 129-130
shifting and coordinate translation
effect on, 126-127
Pontil, M., 131
Popvici, V., 131
Poritz, A. B., 283
Porter, J.
speaker recognition FRR, 285
speaker scores, 284
speaker verification evaluations, 301
speech-based biometrics, 43
Pose invariance in face recognition, 6
Positive and negative training patterns,
266
Potamianos, G., 372
Prasanna, S. R. M., 354
Preprocessing in AV fusion, 405-406
Principal component analysis (PCA),
21-23
for feature reduction, 34
with SVMs, 132
in template-based approaches,
244-245
Prior information term in EM entropy, 67
Prior score adaptation, 389-393
Probabilistic decision-based neural
networks (PDBNNs), 221-224
for class-dependent channel fusion,
377
discriminant functions of, 224-226
for face detection, 252-259
for face recognition, 249-250,
268-270
in face recognition system case
study, 258-260



472

Index

eye localization, 260
facial region, 260-261
frontal view faces, 261-263
hierarchical, 266-268
intruder patterns, 263-264
invariance assurance, 264-266
training pattern generation, 266
in kernel-based speaker models,
289-290
learning rules for, 226-228, 233-236
for multichannel fusion, 374-375
multiple-subnet, 233-236
in probabilistic speaker models,
292-293, 301-302
in stochastic model transformation,
319-331
Probabilistic functions and models
for linear SVM fuzzy separation, 107
for RNF networks, 153-154
speaker, 286-302
Processing speed, 16-18
Product rule in abstract fusion, 372
Project-then-cluster method, 26-27
Projection methods for dimension
reduction, 21-24
Prosodic features in speaker verification,
354
Przybocki, M.
DET curves for OOH rejection, 341
handset performance, 7
Psychoacoustics, 282
Psychological intrusiveness, 12

Qu, G. Y, 33
Quadratic loss functions, 116
Quatieri, T. F.
HTIMIT corpus used by, 312
imposter models, 284

Radial basis functions (RBFs) and
networks, 141
BP in, 116, 148-151
center determination, 161
DBNNSs, 220-221
in decision-based training rule, 214
vs. EBF, 154-156
for EM, 61
Gaussian kernels in, 170

genetic algorithms for, 161-162
likelihood functions, 71-72
MOE, 193-194
multi-layer, 143
for speech recognition, 171, 284,
418-422
training algorithms for, 116, 151-156
in two-layer SVM networks, 110
Rahardja, A., 33
RBF-GA hybrid algorithm, 163-170
RBF-SVM, EM combined with, 130-131
RBFs. See Radial basis functions and
networks
Realtime face recognition, 256-258
Receiver operation characteristic (ROC)
curves, 12-13
for PDBNNSs, 265
for speaker models, 416
for speaker verification, 285
Recognition vs. verification, 14-15
Recursive formula in BP algorithm,
146-147
Reinforced learning rules
in GS learning, 227-228
in hybrid learning schemes, 216-218
Reject groups in DBNNs, 210
Relative spectral processing, 41
Renals, S., 132
Reproduction, genetic algorithms for, 163
Retrieving phase in supervised-learning
networks, 139
Retrieving speed in nonlinear SVMs,
112-116
Reverberation, 286
Reynolds, D. A.
HTIMIT corpus used by, 312
imposter models, 284
speaker verification evaluations, 301
speech-based biometrics, 43
Rframes in face detection, 271
Rice, J., 33
Richard, M. D., 154
Ritischev, D., 304
Robinson, A. J., 198
Robustness
in AF, 359
in audio-based feature extraction,
41-42



Index

473

in probabilistic speaker models,
299-301
ROC. See Receiver operation
characteristic curves
Roloff, L. W., 33
Romdhami, S., 6
Rosenberg, A. E.
imposter models, 284
speech-based biometrics, 43
Rosenblatt, F.
decision-based neural network
proposal, 237
perceptron model, 85, 209
Roulette wheel selection method, 163
Rowley, H. A., 252, 254
Rubin, D. B., 52
Rules. See Learning and learning rules
Rumelhart, D. E., 144
Running time in nonlinear SVMs,
116-118
Runtime negative pattern generation, 266

Sadeghi, M
face detection, 132
subspace projection for feature
reduction, 34
Safety margin in SVMs, 86, 91
Sakamoto, S., 274
Samaria, F. S., 263
Sanderson, C.
AV fusion, 408
fusion weights, 372
neural networks, 171
Sankar, A., 305
Scaling effects in nonlinear SVMs,
129-131
Schaffer, J. D., 160
Schwaighofer, Anton, 94
Score fusion, 370-372
experiments and results, 396-400
in multisample fusion, 391-393
SDCN. See SNR-dependent cepstral
normalization
Second-order SFT, 309-310
Securing online transactions, 6
Seen and unseen handsets in OOH
rejection, 335-337
Sejnowski, T. J., 33

Semiparametric techniques in OCON
networks, 188
Sensitivity, 11
Sensor fusion, 369-370
decision-level, 370-373
feature-level, 370
hierarchical networks for, 373-378
Separable case, linear SVMs, 90-91
decision boundary in, 93-97
margin of separation in, 91-92
support vectors in, 93
Wolfe dual optimization in, 92
Serre, T., 131
SFT. See Stochastic feature
transformation
Shannon entropy, 333
Shao, X., 131
Shifting effects in nonlinear SVMs,
124-128
Sigmoidal function, 107
for LBF, 143
in neuron models, 141
in two-layer SVM networks, 110
Signal bias removal, 41
Simulated annealing, 67-69
Simulation examples in nonlinear SVMs,
119-123
Single-state HMMs, 283
Singly-stochastic single-clusters with
partial data, 74-75
Slack variables, 98
SmartGate system, 5, 272
SNR-dependent cepstral normalization
(SDCN), 303
Sobel filtering, 261
Softmax function
in EBFNs, 288
in hierarchical networks, 205
in probabilistic speaker models, 293
Soong, F. K.
speech-based biometrics, 43
VQ, 283
Sorted scores, fusion of, 385-389
Sowmya, A, 33
Sparsity of support vectors, 103
Spatial filters, 32
Speaker classes in EBFNs, 288
Speaker enrollment in AF, 358-359



474

Index

Speaker models, 42, 281-284
kernel-based probabilistic, 286-287
comparisons, 290-301
EBFNs in, 287-289
GMDMs in, 287
PDBNNS in, 289-290
SVMs for, 132
Speaker recognition, 280-281
in adverse environments, 286
classification schemes for, 42-43
handset and channel distortion in,
301-303
compensation techniques,
303-304, 345-353
OOH rejection. See
Out-of-handset rejection
SET. See Stochastic feature
transformation
stochastic model transformation,
318-332
identification in, 281
Matlab project, 418-422
performance evaluation in, 285-286
reality and challenge, 6-8
speaker modeling. See Speaker
models
speaker-specific features in, 281-282
threshold determination in, 284-285
variation in, 8
verification, 281
articulatory features for, 353-361
OOH rejection in, 337-338
RBF networks for, 171
systems components, 281
Specificity, 12
Spectral analysis and features
with AF, 358-361
speech signals, 281
Speech signals, 281
Sridharan, S.
AV fusion, 408
multichannel fusion, 378
Starner, T., 18
Statistical template matching, 244
Stochastic feature transformation (SFT),
305
in AF, 359-361
experimental evaluations, 311-318

handset selectors, 310-311
in multisample fusion, 394
nonlinear feature transformations,
305-308
piecewise linear feature
transformations, 308-309
second-order transformations,
309-310
Stochastic model transformation, 318-332
Straight lines in Bayes decision, 133
Strictly inside the fuzzy region SVs, 103
Structural similarities, MLP and MPE,
195
Structurally flat networks, 196
Subcluster structure determination, 217
Sublevels in hybrid learning schemes,
217-218
Subnet parameters, GS learning for,
233-234
Subnet updates in DBNNs, 212-213
Subspace projection, 34
Sum rule in abstract fusion, 372
Sung, K. K., 251-252
Super Bowl, face recognition at, 3, 241
Supervised preselection schemes, 25
Supervised subspace projections, 21
Supervised training and networks, 28,
139
for GS learning, 227-228
for nonlinear SVMs, 131
Support vector machines (SVMs), 85, 94
application examples, 131-133
in face recognition, 249
Fisher’s LDA in, 85-90
linear. See Linear SVMs
vs. LSE learning criteria, 116-117
nonlinear. See Nonlinear SVMs
for pattern classification, 423-427
SX sentences in HTIMIT, 312
Symbol space, 19
Synaptic weight, 140
System fusion, 359

Takahashib, T., 206

Taur, J. S., 213

Template techniques, 30
in facial feature extraction, 244-249
in speaker modeling, 282



Index

475

in visual-based feature extraction,
32-33
Temporal variability of feature vectors,
41
Text systems in voice recognition, 281
Texture features in visual-based feature
extraction, 33
Thiran, J. P., 131
Three-dimensional CG models, 274
Three-layer neural networks, 143
Three-level hierarchical structures, 196
3-point problem in linear SVMs
separable case, 93
Thresholds
GS learning for, 234
in speaker models, 294
in speaker recognition, 284-285
in two-class probabilistic DBNNs,
228
TIMIT data, 387
Tnorm approach, 327-331
Todd, P. M., 160
Toh, H. L., 170
Top levels
in BP algorithm, 146
in hybrid learning schemes, 216-217
Training, 28
for classifiers, 28-29
decision-based, 142, 213-214
in GS learning, 227-228
in HME networks, 200
in LU learning, 226-227
MOEs vs. DBNNSs, 215
MSE in, 162
in multiclass probabilistic DBNN,
230
in multi-layer neural networks,
151-158
in nonlinear SVMs, 116-118
in PDBNN face recognition system,
266
Training accuracy, 28
Transcoded HTIMIT speech corpus,
315-318
Transformations
BSFT. See Blind stochastic feature
transformation

SFT. See Stochastic feature
transformation
True negative rate (TNR), 12
True positive rate (TPR), 11
Tsang, C. L.
HTIMIT corpus used by, 312
nonlinear transformation estimates,
304
Tsoi, A. C.
face recognition rate, 263
neural networks for feature
selection, 35
Turk, M. A.
face recognition rate, 263
facial feature extraction, 33
20-point nonlinearly separable problem,
103
Two-category classification problem, 87,
250
Two-class probabilistic DBNNs, 221-224
discriminant PDBNN functions,
224-226
learning rules for, 226-228
threshold updating in, 228
Two-class problem in fuzzy separation,
106
Two-dimensional stochastic model
transformation, 322-324
Two-layer SVM networks, 109-112, 114
Two-level modular structures, 196
Two-stage training algorithms
LBF, 157-158
RBF, 116, 151-156

Unbalanced binary classification
problem, 222
Universal background model (UMB), 346
Unsupervised preselection schemes, 24-25
Unsupervised subspace projections, 21
Unsupervised training and networks, 28
for LU learning, 226-227
LUGS, 216-217
in nonlinear SVMs, 131
Updating
in DBNNs, 212-213
threshold, 226-228
User-friendly face recognition, 3, 241



476

Index

Valid data sets, 257
Vapnik, V. N., 85
Vector quantization (VQ), 50
data replacement in, 287
in LU learning, 226
in neural networks, 171
in speaker modeling, 283
in speech-based biometrics, 42
Verification
in BSFT, 347-348
in multisample fusion, 394-395, 401
in probabilistic speaker models, 292
vs. recognition, 14-15
in speech recognition, 281
articulatory features for, 353-361
DET plots for, 285
NIST, 286
OOH rejection in, 337-338
RBF networks for, 171
systems components, 281
in stochastic model transformation,
327
Vetter, T.
morphing technique, 6
SVM application, 131
Viallet, J. E., 34
Video file preprocessing, 406
Video indexing and retrieval, 269-272
Video scores in AV fusion, 408
Viikki, O., 357
Viisage company, 3-5, 275-276
Virtual pattern generation procedure, 30
Virtual training patterns, 30
in face detection, 254
in face recognition, 264, 266
Visual-based feature extraction and
pattern classification, 30-31
geometric features in, 31-32
neural networks for, 34-35
subspace projection for, 34
template features in, 32-33
texture features in, 33
Viterbi approximation, 171
Vocal tract modeling, 47-48
Voice indexing, 7
Voice recognition, 7. See also Speaker
recognition
VoiceTD module, 133

VoiceTI module, 133

von der Malsburg, C., 243
Vonk, E., 160

VQ. See Vector quantization

Wan, V., 132
Wang, Y., 189
Wark, T.

AV fusion, 408
multichannel fusion, 378
Wassner, H., 378
Waterhouse, S. R., 198
Wechsler, H.
MOE applications, 205-206
SVM application, 131
Weng, J., 35
Werbos, P. J., 144
Whitley, D., 160
Width of fuzzy separation, 97
Williams, R. J., 144
Wilson, W., 33
Window functions, 26
Wolfe dual optimization, 92, 98-101
Wood, S. L., 33
Wu, S., 170

XM2VTS database, 171

XM2VTSDB database, 405-407

XOR problem
in finite-decomposable polynomial

kernels, 115

four-point, 101, 113
in hybrid learning schemes, 218-219
in multi-layer networks, 144
noisy, 113
shift effects on, 124-126

Xu, B., 133

Yegnanarayana, B., 354

Yianislo, P. N., 31

Yiu, K. K., 319

YOHO corpus, 290-292, 294-296, 299-301
Yow, K. C., 243

Zhang, B. L.
modular applications, 206
RBF neural networks, 170-171
Zhang, W. D., 33
Zissman, M. A., 284





