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fast LMS, 544 non-stationary, 178, 181
least-mean-square, 495, 514, 547 stationary, 178, 180
Levinson...Durbin, 180, 182 Approximant, 8
Linde...Buzo...Gray, 233 Approximation
LPC-10, 265 modi“ed Fourier, 83, 89
normalized least-mean-square, 396, AQB, see Adaptive quantization backward
451, 453, 509, 516, 553, 555, 560 AQF, see Adaptive quantization forward
recursive least-squares, 532, 533, 560 AR “Iter, 163
split, 234 AR model, see Autoregressive model
steepest descent, 189 AR process, see Autoregressive process
stochastic gradient, 190 Arcsine re”ection coe cient, 269
unconstrained fast LMS, 548 ARMA model, see Autoregressive
weighted least-squares, 532 moving-average model
Algorithmic delay, 283, 543 Array
Aliasing, 76 gain, 481
spatial, 475 sensitivity, 482
All-pass Articulators, 8
sequence, 67 Arti“cial bandwidth extension, 361
transfer function, 168 ASRC, see Arcsine re”ection coe cient
All-pole Auditive speech quality measures, 597
“Iter, 24 Auto-correlation, 393
model, 5, 66, 166 function, 139
All-zero model, 165 method, 178, 182, 194
Amplitude Auto-covariance
estimation, 417 function, 139
estimator, 416 Auto-power spectral density, 144
spectrum, 38 Autoregressive
AMR, see Adaptive multi-rate codec model, 166
AMR-WB, see Adaptive multi-rate moving-average model, 166
wideband speech codec process, 166
AMR-WB 7, see Extended adaptive Average values, 130
multi-rate wideband codec AWGN, see Additive white Gaussian noise
Analog sample, 201 Azimuth, 474
Analog-to-digital converter, 506
Analysis B
“Iter Backward prediction, 249, 251
LP-, 170 Bad frame indicator (BFI), 318
linear predictive, 163 Bandwidth
short-term spectral, 86 extension
Analysis...synthesis arti“cial, 361
perfect reconstruction system, 396 extension (BWE), 361
system, 408 telephone, 239, 362
Analysis-by-synthesis, 281, 301 Bark scale, 31
coding, 279, 290 Baseband, 282
Analyzer RELP, 366
short-term spectral, 78 spectrum, 284
Anatomy of hearing, 25 Baseband...RELP
Anechoic, 470 codec, 282, 283
Anti-mirror polynomial, 270 decoder, 284
AP, see A ne projection algorithm Basilar membrane, 27
APC, see Adaptive predictive coding Bayes cost, 159
Aperiodic convolution, 50 Bayese theorem, 121, 123, 323
Aperture, 472 density version of, 123
Approach mixed form, 123, 332

decision-directed, 403 Beamformer



INDEX

609

delay-and-sum, 477, 481, 482, 485,
490, 495, 498
distortionless response, 493, 498
“Iter-and-sum, 489, 495
Gri ths-Jim, 495
minimum variance distortionless
response, 488
Beamforming, 477
Bernoulli e ect, 7
Bessel function, 413
BFI, see Bad frame indicator
Bias, 143
Bin, 129
discrete, 129
Binary symmetric channel, 321
equivalent, 317
Binaural hearing aid, 454, 456
Bit, 135
error probability, 322
Bit-reversal addressing, 60
Bivariate, 121
density factor, 133
density function, 132
Gaussian density, 131, 133
probability density function, 132
probability distribution function, 130
statistic, 130
vector, 121
Block, 177
“Iter, 286
length, 177
LMS algorithm, 537
time index, 202
Block-oriented adaptation, 177
Blocking matrix, 499
Boxcar window, 54
Branch
receive, 507
transmit, 507
Broadside orientation, 474, 485
BWE, see Bandwidth extension

C
Cardioid directional characteristics, 488
Cauchy integral theorem, 44
CCAF, see Coe cient constrained
adaptive “Ilter
CCR, see Comparison category rating
CDMA, 300
Cell
quantization, 228
Voronoi, 228
CELP, see Code excited linear prediction
Center clipper, 550
Central

limit theorem, 149
moment, 124
Cepstral coe cient, 69
Cepstrum, 65
complex, 65
real, 66
vocoder, 265
Chain rule, 123
Channel
binary symmetric, 321
decoder
soft-input, soft-output (SISO), 335
encoder
inner, 318
outer, 318
equivalent, 318
equivalent binary symmetric, 317
vocoder, 263
Characteristic
13-segment A-law, 219, 220
A-law, 213, 215, 216, 218
compressor, 212
magnitude truncation, 203
p-law, 215, 216
quantizer, 203
x2-density, 132
x2-distribution, 137
Classi“cation of speech coding algorithms,
240
Clipper
center, 550
CLMS, see Constrained least-mean-square
algorithm
Closed-loop, 198
DPCM, 255
LTP, 297
prediction, 249...251, 253, 258, 259
quantization with, 253
Cochlea, 27
Cochlear implant, 390
Code
book, 228
ACELP, 295, 298, 299
adaptive, 295...297
algebraic, 294, 298
“xed, 290, 297
index, 229
LBG, 236
search, 294
sparse ternary, 295
stochastic, 290
excited linear prediction, 281, 290,
295, 296
vector, 228
Codec
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adaptive multi-rate (AMR), 298, 299, characteristic, 212
390, 429 Computational complexity, 294, 543, 547
adaptive multi-rate wideband, 300, Condition
590 Dirichlet, 36
baseband...RELP, 282, 283 Conditional
enhanced variable rate, 390 density, 123
extended adaptive multi-rate entropy, 342
wideband, 592 error probability, 322
GSM enhanced full-rate (EFR), 298 estimator, 372
GSM full-rate, 286 expectation, 125, 324
hybrid speech, 273 L-value, 326
improved multi-band excitation, 595 maximum a posteriori estimation,
standards, 569 374
Coding minimum mean-square error
adaptive predictive, 282 estimation, 373
analysis-by-synthesis, 279, 290 PDF, 123
di erential waveform, 245 probability, 121
hybrid, 241, 242, 273 probability density function, 123
law of the 13-segment A-law Con’uent hypergeometric function, 417
characteristic, 220 Consonant, 8
model-based predictive, 244 aricative, 8
parametric, 241, 242, 262 aspirate, 8
speech, 239 fricative, 8
waveform, 241, 242 nasal, 8
Coe cient stop, 8
cepstral, 69 Constrained
constrained adaptive “Iter, 500 fast LMS algorithm, 548
re’ection, 185, 267 least-mean-square algorithm, 498
Coherence, 485, 495 LMS algorithm, 498
function, 485, 495 Constraint
magnitude squared, 476 gradient, 545, 548
Comb “lter, 274 Contribution
Comfort ringing, 292
user, 505 Control
Communication echo, 505
handsfree voice, 505 feedback, 505
Compander, 212 Convergence
gain, 219 fast, 559
Companding, 211 Conversion
Comparison category rating, 598, 601 A/D, 202
Compensation Converter
tilt, 307 analog-to-digital, 506
Complement, 120 Convolution, 40
Complex aperiodic, 50
cepstrum, 65 cyclic, 50, 541, 542
phasor, 58 fast, 61, 539
variable, 126 Convolutive noise, 68
Complexity Correlation
computational, 294, 543, 547 auto-, 139, 393
problem, 230 cross-, 130, 140, 393
Component matrix, 137
polyphase, 112 Corti
Compression organ of, 27
signal, 211 Cost function, 155

Compressor, 211 Covariance
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auto-, 139 factor
cross-, 131, 140 bivariate, 133
matrix, 137 function, 132

method, 178, 180, 194
CRC, see Cyclic redundancy check
Critical
band, 31
decimation, 76, 80, 91, 97
distance, 453
Critical-band rate, 31
Critically sampled “lter bank, 549
Cross-correlation, 130, 393
function, 140
method, 178
Cross-covariance, 131
function, 140
normalized, 131
Cross-power spectral density, 144
Cuto frequency, 362
Cyclic
convolution, 50, 541, 542
redundancy check (CRC), 318

D
Do-lattice, 228, 231
DCR, see Degradation category rating
Decimation

adaptive, 287

critical, 76, 80, 91, 97

factor r, 76

grid, 91

half-critical, 80, 92, 97
Decimation-in-time, 57
Decision level, 221
Decision-directed, 555

approach, 403
Decoder

baseband...RELP, 284

reliability information (DRI), 318
Deconvolution, 69
Degradation category rating, 598, 602
Delay

algorithmic, 283, 543

external, 486

internal, 486

signal, 511

transmission, 507

Delay-and-sum beamformer, 477, 481, 482,

485, 490, 495, 498
Density, 123
a priori, 155
bivariate Gaussian, 131
x2-, 132
conditional, 123
exponential, 127, 132

gamma, 128

Gaussian, 126, 129, 132
general gamma, 128
generalized gamma, 154
Laplace, 127

marginal, 122, 130, 131, 133
monovariate, 130
multivariate Gaussian, 131
one-sided exponential, 127
two-sided exponential, 127
uniform, 125, 132

Design of optimal vector code books, 232

Detection

double talk, 548

voice activity, 426
Detector

voice activity, 401, 425
Deterministic function, 128
DFT, see Discrete Fourier transform
Di erence equation, 40
Di erential

entropy, 135

microphone array, 486

PCM system, 246

pulse code modulation, 246

closed-loop, 255

waveform coding, 245
Digital

all-pole model, 19

ladder “Iter, 267

lattice “lter, 267

representation, 201

signal processor, 60

vocal tract “Iter, 11
Diphtong, 8
Dipole directional characteristics, 488
Dirac impulse, 37
Direct form, 186
Directional characteristics, 488

cardioid, 488

dipole, 488

hyper-cardioid, 488

super-cardioid, 488
Directivity, 489

index, 485

pattern, 482
Dirichlet condition, 36
Discontinuous transmission, 425
Discrete Fourier transform, 47, 90
Discrete unit impulse, 39
Distance

critical, 453
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measure, 229
spectral, 267
system, 511, 517, 522, 526
total log spectral, 69
Distortion
mean spectral, 267
measure
Itakura...Saito, 428
Distortionless response beamformer, 493,
498
Distribution
Ky, 148
a priori, 155
function, 122
cumulative, 122
gamma, 148, 152
Gaussian, 152
joint Gaussian, 126
Laplace, 148, 152
multivariate Gaussian , 137
Rayleigh, 151
supergaussian, 148
uniform, 125, 211
Double talk, 507, 511, 526, 552
detection, 548
DPCM, see Di erential pulse code
modulation
DRI, see Decoder reliability information
DSP, see Digital signal processor

E
Ear
canal, 25
drum, 25
inner, 27
middle, 26
outer, 25
Early re”ection, 508
Echo
cancellation
acoustic, 499, 505
canceller
acoustic, 505
stereophonic, 559
control, 505
reduction
steady-state, 520
residual, 520, 550, 553
return loss enhancement, 512
suppression, 511
suppressor, 507
E ect
Bernoulli, 7
masking, 5, 28, 32, 278, 290
spectral whitening, 288

whitening, 186

EFR, see Enhanced full-rate codec (GSM)

Eigenfunction, 41
Electro-acoustic transmission path, 506
Elementary events, 121
Elevation, 474
End“re orientation, 474, 475, 485
Enhanced
full-rate codec (GSM), 298
variable rate codec, 390
Entropy, 135, 342
conditional, 342
di erential, 135
of the GSM full-rate codec, 351
Equalization, 486
Equation
di erence, 40
normal, 173, 179
wave, 13
Equivalent
binary symmetric channel, 317
channel, 318
Ergodic
process, 142
strict sense, 143

ERLE, see Echo return loss enhancement

Error
concealment, 315
turbo, 353
instantaneous squared, 190
minimum mean-square, 392, 493
probability
bit, 322
conditional, 322
quantization, 203
signal
long-term prediction, 192
prediction, 169
weighted mean square, 230
Estimate
maximum likelihood, 412, 413
Estimation, 158
amplitude, 417
conditional MMSE, 373
minimum mean-square error, 414
optimal, 154
spectral envelope, 372
theory, 119
Estimator, 154, 555
amplitude, 416
conditional, 372
linearly constrained, 157
log spectral amplitude, 419

maximum a posteriori, 154, 339, 501

maximum likelihood, 154
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minimum mean square error, 155
minimum mean-square error, 501
non-linear, 411
non-linear minimum mean square
error, 157
optimal, 158
optimal linear, 156
short-time spectral amplitude, 417
ETSI, see European telecommunications
standards institute
ETSI/3GPP 26.190, 569, 590
ETSI/3GPP 26.290, 569, 592
ETSI/GSM 06.10, 569, 580
ETSI/GSM 06.20, 569, 582
ETSI/GSM 06.60, 569, 584
ETSI/GSM 06.90, 569, 586
Euclidian norm, 230
European telecommunications standards
institute, 569
Eustachian tube, 26
Event, 119, 123, 129
elementary, 121
individual, 120
joint, 120
random, 120
EVRC, see Enhanced variable rate codec
Excitation
signal, 164
extension, 375
source, 10, 11
vector, 293
Expander, 211, 212
Expectation, 124, 130
conditional, 125, 324
Expected value, 124
Experiment, 129, 138
Exponential
density, 127, 132
probability density function, 126
Extended adaptive multi-rate wideband
codec (AMR-WB 1), 592
Extension of the excitation signal, 375
External delay, 486
Extrinsic information, 353

F
Factor

gain, 291

overestimation, 406
Fading factor, 330
Fading...AWGN channel, 329
Far-end, 559
Far‘eld, 470, 472, 478, 479, 481
Fast

convergence, 559

convolution, 61, 539
Fourier transform, 56, 93, 540
LMS algorithm, 544
FDAF, see Frequency domain adaptive
“Iter
Feedback control, 505
FFT, see Fast Fourier transform
Filter
adaptive, 505
all-pole, 24
AR, 163
bank, 73, 410, 549
critically sampled, 549
oversampled, 549
polyphase network (PPN), 78, 93
PPN analysis, 93
PPN synthesis, 101
quadrature mirror, 105
block, 286
comb, 274
digital ladder, 267
digital lattice, 267
digital vocal tract, 11
frequency domain adaptive, 536, 539
half-band, 105
Kalman, 555
LP-analysis, 170
LP-synthesis, 288
LTP-synthesis, 288
M-th band, 83, 89
multi-channel frequency domain
adaptive, 561
noise shaping, 276
non-causal IIR Wiener, 443
partitioned block frequency domain
adaptive, 543
partitioned frequency domain
adaptive, 548
guadrature mirror (QMF), 105
soft-partitioned frequency domain
adaptive, 548
vocal tract, 10
Wiener, 394, 402, 408, 445, 450, 453,
513, 554
zero-phase, 415
Filter-and-sum beamformer, 489, 495
Filtering
polyphase, 98, 99
Finite impulse response, 82
FIR, see Finite impulse response
First-order Markov process, 518, 530
Fixed code book, 290, 297
Flat-top window, 410
Flatness
spectral, 174
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FLMS, see Fast LMS algorithm
Form
direct, 186
factor F, 209, 211
Formant
frequency, 264
vocoder, 264
Forward prediction, 249, 251
Fourier
approximation
modi“ed, 83, 89
transform, 35
transform of continuous signals, 35
transform of discrete signals, 37
Frame, 177
Frequency
absolute, 129
cuto, 362
domain adaptive “Iter, 536, 539
multi-channel, 561
partitioned block, 543
formant, 264
normalized radian, 37
relative, 129, 130
response, 41
FT, see Fourier transform
FTDS, see Fourier transform of discrete
signals
Full search, 230
Full-duplex, 505
Full-rate codec
GSM, 286
GSM enhanced (EFR), 298
Function
Bessel, 413
con”uent hypergeometric, 417
density, 132
deterministic, 128
index, 423, 425
window, 52

G
G.711 (ITU), 221
G.722 (ITU), 569, 579
G.722.2 (ITU), 569, 590
G.726 (ITU), 569, 572
G.728 (ITU), 569, 573
G.729 (ITU), 569, 576
Gain

compander, 219

factor, 291

optimal, 293

Kalman, 535

prediction, 174, 252, 254
Gain...shape vector quantization, 236, 278

Gamma
density, 128
probability density function, 127
Gaussian
density, 126, 129, 132
mixture model, 380
model, 150
noise, 129
probability density function, 126
random variable, 129
General gamma density function, 128
Generalized
likelihood ratio, 160, 420, 433
side-lobe canceller, 495, 498
Global system for mobile communications
(GSM), 286, 299, 316, 506, 507
adaptive multi-rate codec, 298, 299
enhanced full-rate codec, 298
entropy of, 351
Glottis, 7
GMM, see Gaussian mixture model
Graceful degradation, 316, 340
Gradient, 514
constraint, 545, 548
instantaneous, 190, 514, 537
Graph
signal-"ow, 21
Grid
decimation, 91
Gri ths-Jim beamformer, 495
GSC, see Generalized side-lobe canceller
GSM, see Global system for mobile
communications
GSM 06.10 (ETSI), 569, 580
GSM 06.20 (ETSI), 569, 582
GSM 06.60 (ETSI), 569, 584
GSM 06.90 (ETSI), 569, 586
GSM full-rate codec, 286

H
Half-band “lter, 105
Half-critical decimation, 80, 92, 97
Hamming window, 54
Handsfree voice communication, 505
Hangover, 429
Hann window, 54
Hard decision (HD) source decoding, 316
Head-related transfer function, 491
Hearing

aid

binaural, 454, 456

anatomy of, 25

area, 28

threshold of, 28
Helicotrema, 28
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Hidden Markov state model, 375
High-frequency regeneration, 368
High-resolution LTP analysis, 198
Histogram, 129

long-term, 148
HMM, see Hidden Markov state model
Hybrid

coding, 241, 242, 273

speech codec, 273
Hyper-cardioid directional characteristics,

488

Hypergeometric function

con’uent, 417

I
Ideal di use
noise “eld, 452, 485, 490
sound “eld, 446, 476
IIR, see In“nite impulse response
IMBE, see Improved multi-band excitation
codec
Impedance
acoustic, 14
Improved multi-band excitation codec
(IMBE), 569, 595
Impulse
Dirac, 37
discrete unit, 39
response, 40, 509
prototype, 81
Index
assignment
robust, 234
block time, 202
code book, 229
function, 423, 425
Individual event, 120
In“nite impulse response, 82, 165
Information, 135
a priori, 121
mutual, 136
INMARSAT/IMBE, 569
Inner channel encoder, 318
Innovation, 169
Instantaneous
bit error rate, 329
channel quality, 334
gradient, 190, 514, 537
power, 260
squared error, 190
Instrumental speech quality measure, 602
Integer-band sampling, 80
Integral theorem
Cauchy, 44

Integrated services digital network (ISDN),
239, 506
Intensity
sound, 28
Intermediate reference system, 240
Internal delay, 486
International telecommunication union,
569
Interpolation, 87
Intrusive speech quality measure, 603
Inverse
bit mapping, 317
normalized variance, 438
of the vocal tract model, 172
IRS, see Intermediate reference system
IS-96 (TIA), 569, 594
ISDN, see Integrated services digital
network
Itakura...Saito distortion measure, 428
Iterative source...channel decoding, 353
ITU, see International telecommunication
union
ITU-T/G.711, 221
ITU-T/G.722, 569, 579
ITU-T/G.722.2, 569, 590
ITU-T/G.726, 569, 572
ITU-T/G.728, 569, 573
ITU-T/G.729, 569, 576

J

Joint
density, 133
density function, 133
detection, 158
event, 120
Gaussian distribution, 126
Gaussian random variable, 131
PDF, 122
probability, 120, 121
probability density, 123, 131, 132
probability density function, 130

K
Kalman
“Iter, 555
gain, 535
Kullback...Leibler
distance, 136
divergence, 135

L
L-value, 321, 323

conditional, 326

of the sequence z(k), 327
Ladder
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“Iter
digital, 267
structure, 21
Laplace
density, 127
operator, 468
probability density function, 127, 211
transform, 42
LAR, see Log area ratio
Larynx, 7
Lattice
Do, 228, 231
“Iter
digital, 267
guantization, 231
structure, 21, 186
LBG, see Linde...Buzo...Gray algorithm
Learning curve, 515
Least-mean-square, 188, 190, 260
algorithm, 495, 514, 547
algebraic sign..., 261
block, 537
normalized, 396
Least-squares algorithm
recursive, 532, 533, 560
weighted, 532
LEM, see Loudspeaker...enclosure...
microphone
system
Lemma
matrix inversion, 534
Level
decision, 221
loudness, 29
quantization, 203
quantizer representation, 221
Levinson...Durbin
algorithm, 180, 182
recursion, 396
Likelihood ratio
generalized, 420, 433
Limited susceptibility, 493
Linde...Buzo...Gray algorithm, 233
code book, 236
example, 235
Line spectral frequency, 270, 406
Linear
prediction, 163, 169
analysis “Iter, 170
code excited, 281, 290, 295, 296
mixed excitation, 390
residual excited, 282
synthesis “lter, 288
predictive analysis, 163
shift invariant system, 40

Linear-phase, 395
Lloyd...Max quantizer, 221
LMQ, see Lloyd...Max quantizer
LMS, see Least-mean-square
Log
area ratio, 265, 269
spectral amplitude estimator, 419
Log-likelihood ratio, 427
Long-term
post‘lter, 306
prediction, 192, 273, 277, 295
analysis high-resolution, 198
closed-loop, 297
error signal, 192
loop, 296
noise shaping, 277
synthesis “lter, 288
Look direction, 474, 483
Loop
closed, 198
LTP, 296
open, 198
Lossless tube, 13
Loudness
level, 29
rating
talker echo, 511
Loudspeaker...enclosure...microphone
system, 507, 555
LP, see Linear prediction
LPC vocoder, 266
LPC-10 algorithm, 265
LSF, see Line spectral frequency
LSI, see Linear shift invariant
LTP, see Long-term prediction

M
M-th band “lter, 83, 89
MA model, see Moving-average model
MAC, see Multiply...accumulate operation
Magnitude
squared coherence, 445, 446, 454,
476, 560
subtraction, 401
truncation, 204, 205
characteristic, 203
MAP estimator, see Maximum a posteriori
estimator
Marginal density, 122, 130, 131, 133
Markov process, 342
“rst-order, 518, 530
Masker, 32
Masking, 32, 553
eect, 5, 28, 32, 278, 290
post-, 33
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pre-, 33
simultaneous, 33, 560
threshold, 305
Matrix
correlation, 137
covariance, 137
inversion lemma, 494, 534
Jacobian, 134
symmetric Toeplitz, 142
Toeplitz, 142, 173, 396
Maximum
a posteriori estimation
conditional, 374
a posteriori estimator, 154, 339, 501
likelihood, 412
estimate, 412, 413
estimator, 154
Mean, 124...128
free path, 510
opinion score (MOS), 598
short-time, 143
spectral distortion, 267
square error
weighted, 230
Measure
distance, 229
spectral distortion, 70
spectral "atness, 174
Mega operations per second, 571
MELP, see Mixed excitation linear
prediction
Memory requirement, 431
Method
auto-correlation, 178, 182, 194
covariance, 178, 180, 194
cross-correlation, 178
Microphone array, 467
di erential, 486
Middle ear, 26
Midrise quantizer, 203, 205
Midtread quantizer, 203, 205
Minimum
mean-square error, 392, 412, 493
conditional estimation, 373
estimate, 433
estimation, 414
estimator, 155, 392, 501
log spectral amplitude estimator,
419, 421
short-time spectral amplitude
estimator, 417
search, 442
statistics, 401, 434
variance distortionless response
beamformer, 488

Minimum-phase
sequence, 66, 67
system, 47, 168
Mirror polynomial, 270
Mirroring
spectral, 285
MIRS, see Modi“ed Intermediate reference
system
Mixed excitation linear prediction, 390
ML, see Maximum likelihood
ML estimator, see Maximum likelihood
estimator
MMSE, see Minimum mean-square error
estimation, 414
estimator, 392
MMSE estimator, see Minimum mean
square error estimator
MMSE-LSA, see Minimum mean-square
error log spectral amplitude
MMSE-STSA, see Minimum mean-square
error short-time spectral
amplitude estimator
MNRU, see Modulated noise reference unit
Model, 119
acoustic tube, 11
all-pole, 5, 66, 166
all-zero, 165
AR, see Autoregressive model
ARMA, see Autoregressive
moving-average model
autoregressive, 166
autoregressive moving-average, 166
digital all-pole, 19
Gaussian, 150
Gaussian mixture, 380
hidden Markov, 375
MA, see Moving-average model
moving-average, 165
pole-zero, 166
signal-plus-noise, 150
source...“lter, 10
speech production, 10, 163
vocal tract, 164
Model-based predictive coding, 244
Modi“ed
Fourier approximation, 83, 89
intermediate reference system, 240
Modulated noise reference unit (MNRU),
598
Modulation
pitch-adaptive, 377
theorem, 284
Moment, 124, 130
central, 124
conditional central, 125
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Monovariable Gaussian, 129
Gaussian density, 133 musical, 403, 405, 416
Monovariate power
density, 130 quantization, 207
process, 141 guantization, 203
MOPS, see Mega operations per second residual, 416
MOS, see Mean opinion score shaping, 255, 258, 259, 277, 278
Moving-average model, 165 “Iter, 276
MPE, see Multi-pulse excitation white, 145

MSC, see Magnitude squared coherence
p-law characteristic, 215, 216
Multi-channel

frequency domain adaptive “Iter, 561

noise canceller, 499

sound transmission, 557
Multi-pulse excitation, 301
Multi-rate codec

adaptive (AMR), 298, 299, 390
Multiplier

stepsize, 225, 226
Multiply...accumulate operation, 523, 536
Multivariate, 121

Gaussian density, 131

Gaussian distribution, 137

PDF, 130

statistic, 136

stochastic process, 140
Music signal, 285
Musical noise, 403, 405, 416
Muting mechanism, 340
Mutual information, 136
MVDR, see Minimum variance

distortionless response
beamformer

N
Narrowband
speech, 363
telephone speech, 365
Nat, 135
NCAF, see Norm-constrained adaptive
“Iter
Near-end, 505
Near“eld, 470, 472
NLMS, see Normalized least-mean-square
algorithm
Noise
cancellation, 449
canceller
adaptive, 498, 499
multi-channel, 499
convolutive, 68
“eld
ideal di use, 452, 485, 490
"oor, 399, 400

Non-causal IR Wiener “lter, 443
Non-intrusive speech quality measure, 604
Non-linear
estimator, 411
processor, 559
Non-stationary approach, 178, 181
Non-uniform
guantization, 211
spectral resolution, 410
Norm
Euclidian, 230
Norm-constrained adaptive “lter, 500
Normal equations, 173, 179
Normalized
cross-covariance, 131
least-mean-square algorithm, 396,
451, 453, 509, 516, 553, 555, 560
radian frequency, 37
stepsize parameter, 524

O
Observation probability, 324
Odd...perfect sequence, 556
One-sided z-transform, 44
Open-loop, 198
prediction, 249...251, 253, 258, 259,
276
quantization with, 250
Operation
multiply...accumulate, 523, 536
rounding, 204
tandem, 309
Operator
projection, 527, 528, 530
Optimal
estimator, 158
gain factor, 293
linear estimator, 156
quantization, 221
Optimum prediction, 171
Order of the system, 41
Organ of Corti, 27
Organs of speech production, 6
Orientation
broadside, 474, 485
end‘re, 474, 475, 485
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Orthogonal, 527

projection, 528
Ossicle, 27
Outer

channel encoder, 318

ear, 25
Oval window, 26
Overestimation, 405

factor, 406
Overlap-add, 61
Overlap-save, 61, 540
Oversampled “lter bank, 549

P
Pain
threshold of, 28
Parameter
estimation, 338
estimator, 336
extraction, 202
regularization, 530
smoothing, 436
SNR, 345
stepsize, 451
Parametric coding, 241, 242, 262
Parsevales theorem, 36, 38, 48, 70, 445
Particle velocity, 13
Partitioned
block frequency domain adaptive
“Iter, 543
frequency domain adaptive “Iter, 548
Path
mean free, 510
PBFDAF, see Partitioned block frequency
domain adaptive “Iter
PCM system
di erential, 246
PDF, see Probability density function
Perceptual
evaluation of speech quality, 301, 603
speech quality measure, 603
Perfect
reconstruction, 408
analysis...synthesis system, 396
sequence, 529, 555
Periodogram, 145, 399, 447
modi“ed, 146
non-recursively smoothed, 147
recursively smoothed, 147
smoothed, 147
Welch, 147
PESQ, see Perceptual evaluation of speech
quality, see Perceptual
evaluation of speech quality
Phase

spectrum, 38
vocoder, 265

Phasor
complex, 58
Phon, 29
Phone, 8
Phoneme, 8
Pitch, 9
period, 7, 9

Pitch-adaptive modulation, 377
Pitch-pulse, 11
Plosive sound, 7, 9
Point source, 469
Pole-zero model, 166
Polynomial
anti-mirror, 270
mirror, 270
Polyphase
component, 112
“Itering, 98, 99
network
analysis “Iter bank, 93
“Iter bank, 78, 93
synthesis “Iter bank, 101
Post-masking, 33
Post‘lter, 454, 456, 493, 494, 511
adaptive, 298, 305, 553
long-term, 306
short-term, 306
Post“ltering
adaptive, 305
Power, 124, 125, 127
instantaneous, 260
guantization noise, 207
spectral density, 144, 399
spectrum, 119
subtraction, 401
PPN, see Polyphase network
Pre-masking, 33
Prediction
backward, 249, 251
closed-loop, 249...251, 253, 258, 259
code excited linear, 281, 290, 295, 296
error signal, 169
forward, 249, 251
gain, 174, 252, 254
linear, 163, 169
long-term, 192, 273, 277, 295
mixed excitation linear, 390
open-loop, 249...251, 253, 258, 259,
276
optimum, 171
residual excited linear, 282
short-term, 164, 273
Predictive coding
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adaptive, 282
model-based, 244
Predictor
adaptation, 177
coe cients
guantization of, 266
short-term, 170
Pressure
sound, 28
Probability, 119, 120, 135
a posteriori, 323, 338, 340
a priori, 158, 324, 420, 423
bit error, 322
conditional, 121
conditional error, 322
density, 125
joint, 131
density function, 122, 124, 128, 206
exponential, 126
gamma, 127
Gaussian, 126
joint, 130
Laplace, 127, 211
Rician, 151
triangular, 211
distribution, 122
distribution function
bivariate, 130
joint, 120, 121
measure, 120
observation, 324
space, 120
total, 121
transition, 324, 343
Problem
complexity, 230
Process
AR, see Autoregressive process
autoregressive, 166
ergodic, 142
Markov, 342
monovariate, 141
multivariate stochastic, 140
short-time stationary, 143
stationary, 138
stochastic, 138
Processor
non-linear, 559
Product
space, 120
Projection, 527
operator, 527, 528, 530
orthogonal, 528
Propagation vector, 473, 480, 482, 489
Property

symmetry, 48
Prototype impulse response, 81
PSD, see Power spectral density
PSQM, see Perceptual speech quality
measure
Pulse code modulation
adaptive di erential, 241, 245, 260
di erential, 246
Pulse excitation
regular, 286

Q

QMF, see Quadrature mirror “lter
Quadrature

mirror “lter, 105

mirror “lter bank, 105
Quantization, 201

adaptive, 222

cell, 228

closed-loop prediction, 253

error, 203

spectral shaping of, 255

gain...shape vector, 236, 278

lattice, 231

level, 203

noise, 203

white, 254

noise power, 207

non-uniform, 211

open-loop prediction, 250

optimal, 221

predictor coe cients, 266

residual signal, 250

uniform, 203

vector, 228, 229, 278

white noise, 254
Quantized representation, 129
Quantizer

characteristic, 203

Lloyd...Max, 221

midrise, 203, 205

midtread, 203, 205

representation level, 221

representation vector, 228

reproduction level, 203

reproduction vector, 228

stepsize, 203

symmetric, 203

R

Radian frequency
normalized, 37

Random
event, 119, 120
experiment, 138
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phenomenon, 119, 121, 129
process, 119
variable, 119, 121...123, 129, 130
complex Gaussian, 126
complex-valued, 121
continuous, 123, 124
discrete, 124
expected value of, 125
exponentially distributed, 127
Gaussian, 129
jointly Gaussian, 131
mean of, 124
real-valued, 121, 126
real-valued Gaussian, 126
vector of, 121
Rate
Critical-band, 31
Ratio
log area, 265
log-likelihood, 427
signal-to-noise, 206
Real cepstrum, 66
Realism
spatial, 557
Receive branch, 507
Reconstruction
perfect, 408
Rectangular window, 54
Recursion
Levinson...Durbin, 396
Recursive least-squares, 191
algorithm, 532, 533, 560
Reduction
sampling rate, 76
Redundancy, 342
Reference
point, 471
signal, 392
Re”ection coe cient, 185, 267
arcsine, 269
Regeneration
high-frequency, 368
Region of convergence, 42
Regular pulse excitation, 286, 301, 303
Regularization parameter, 530
Relative frequency, 129, 130
Reliability measure, 322
RELP, see Residual excited linear
prediction
Representation
digital, 201
level
quantizer, 221
Reproduction
level quantizer, 203

vector quantizer, 228
Residual
echo, 520, 550, 553
excited linear prediction, 282, 367
baseband, 366
baseband codec, 282, 283
noise, 416
signal
guantization of, 250
scalar quantization of, 275
Resolution
spectral, 55
Response
frequency, 41
Reverberation time, 508
Ringing
contribution, 292
synthesis “lter, 292
RLS, see Recursive least-squares
Robust index assignment, 234
ROC, see Region of convergence
Round window, 26
Rounding operation, 204
RPE, see Regular pulse excitation

S
Sample
analog, 201
Sampling
frequency, 201
integer-band, 80
period, 201
rate reduction, 76
spatial, 475
theorem, 201
SBR, see Spectral band replication
Scala
tympani, 27
vestibuli, 27
Scalar quantization of the residual signal,
275
Scale
Bark, 31
SD, see Spectral distance measure
Search
code book, 294
minimum, 442
sequential, 297
Segmental signal-to-noise ratio, 226
Self-noise, 476
Semivowel, 9
Sequence
all-pass, 67
minimum-phase, 66, 67
odd...perfect, 556
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perfect, 529, 555 estimate, 324
Sequential information, 323
adaptation, 188 switching, 551
search, 297 Soft-input, soft-output (SISO) channel
Set, 120 decoder, 335
Short-term Soft-partitioned frequency domain
post“lter, 306 adaptive “lter, 548
prediction, 164, 273 Softhit, 321, 323, 324
predictor, 170 source decoding, 336
spectral amplitude, 501 Solution
spectral analysis, 86 steady-state, 521
spectral analysis and synthesis, 86 Wiener, 548
spectral analyzer, 78 Sone, 29
spectral synthesis, 86 Sound
spectrum, 75 “eld
Short-time ideal di use, 446, 476

mean, 143
spectral amplitude estimator, 417
stationary, 143
stationary process, 143
variance, 143
Signal
compression, 211
delay, 471, 511
absolute, 471
relative, 471
prediction error, 169
stochastic, 119
subband, 73
target, 292
Signal-"ow graph, 21
Signal-plus-noise model, 150
Signal-to-noise ratio, 157, 206
a posteriori, 402, 417, 424, 426, 428,
436
a priori, 157, 402, 408, 417, 424, 554,
555
segmental, 226
Simultaneous masking, 33, 560
Single talk, 507
SISO channel decoder, see Soft-input,
soft-output channel decoder
Sliding window, 75
Smoothing, 147
in time
non-recursive, 147
recursive, 147
parameter, 436
SNR, see Signal-to-noise ratio
SNRseg, see Segmental signal-to-noise
ratio
Soft
decision source decoding, 315, 336,
337
decision weighting, 160

ideal di use “eld, 446, 476
intensity, 28
plosive, 7, 9
pressure, 28, 468
transmission
multi-channel, 557
unvoiced, 7
velocity, 468
voiced, 7
Source decoding
hard decision (HD), 316
soft decision (SD), 315, 336, 337
softhit, 336
Source..."Iter model, 10
Space
vector, 527
Sparse ternary code book, 295
Spatial
aliasing, 475
realism, 557
sampling, 475
Spectral
amplitude
short-term, 501
amplitude, 413
analysis
short-term, 86
analyzer
short-term, 78
band replication, 369
distance
total log, 69
distance measure, 267
distortion
mean, 267
distortion measure, 70
envelope estimation, 372
envelope of speech, 163, 170
"atness, 174
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"atness measure, 174
"oor, 405
gain, 401
gap, 377
leakage, 52, 55, 410
magnitude, 413
mirroring, 285
resolution, 55
non-uniform, 410
shaping of the quantization error, 255
subtraction, 400
synthesis
short-term, 86
tilt, 307
whitening e ect, 288
Spectrum
amplitude, 38
baseband, 284
phase, 38
short-term, 75
Speech
codec
adaptive multi-rate wideband, 300
hybrid, 273
coding, 239
coding algorithm
classi“cation of, 240
narrowband, 363
production
model of, 10, 163
organs of, 6
quality, 597
auditive measure, 597
instrumental measure, 602
intrusive measure, 603
non-intrusive measure, 604
perceptual evaluation, 301, 603
perceptual measure, 603
spectral envelope of, 163, 170
transmission
wideband, 363
wideband, 239, 363
wideband transmission, 363
Spherical wave, 469
Split algorithm, 234
Squared error
instantaneous, 190
Stability, 267
Standards
ETSI/3GPP 26.190, 569, 590
ETSI/3GPP 26.290, 569, 592
ETSI/GSM 06.10, 569, 580
ETSI/GSM 06.20, 569, 582
ETSI/GSM 06.60, 569, 584
ETSI/GSM 06.90, 569, 586

INMARSAT/IMBE, 569, 595
ITU-T/G.711, 221
ITU-T/G.722, 569, 579
ITU-T/G.722.2, 569, 590
ITU-T/G.726, 569, 572
ITU-T/G.728, 569, 573
ITU-T/G.729, 569, 576
TIA 1S-96, 569, 594
Stationary
approach, 178, 180
process, 138
short-term wide sense, 139
short-time, 143
strict sense, 138
wide sense, 138
Statistic
bivariate, 130
“rst-order, 136
multivariate, 136
second-order, 136, 140
Statistical
independence, 131, 132
properties, 147, 148
asymptotic, 149
Steady-state
echo reduction, 520
solution, 521
Steepest descent algorithm, 189
Steering vector, 480
Stepsize, 514, 516, 528, 537, 548
multiplier, 225, 226
parameter, 451
normalized, 524
quantizer, 203
Stereophonic
acoustic echo control, 557
echo canceller, 559
transmission, 558
Stochastic
code book, 290
gradient algorithm, 190
process, 119, 138
signal, 119
Structure
ladder, 21
lattice, 21, 186
symmetric Toeplitz, 180
vocoder, 262
Subband
acoustic echo cancellation, 549
signal, 73
Subset, 120
Subtraction
magnitude, 401
power, 401
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spectral, 400
Super-cardioid directional characteristics,
488
Suppression
echo, 511
Suppressor
echo, 507
Susceptibility, 482, 490, 491
limited, 493
Switching
soft, 551
Symmetric
quantizer, 203
Toeplitz matrix, 142
Toeplitz structure, 180
Symmetry property, 48
Synthesis
“Iter
ringing of, 292
short-term spectral, 86
System, 39
analysis...synthesis, 408
distance, 511, 517, 522, 526
identi“cation, 170
loudspeaker...enclosure...microphone,
507, 555
minimum-phase, 47, 168
response, 46

T
Talker echo loudness rating, 511
Tandem operation, 309
Target signal, 292
Telecommunications industry association,
569
Telephone
bandwidth, 239, 362
speech
narrowband, 365
wideband, 365
TELR, see Talker echo loudness rating
Ternary code book
sparse, 295
Test tone, 32
Theorem
Bayes, 323
Bayes in mixed form, 332
modulation, 284
Parseval, 36, 38, 48, 70, 445
Threshold
hearing, 28
masking, 305
pain, 28
TIA, see Telecommunications industry
association

TIA 1S-96, 569, 594
Tilt, 306
compensation, 307
spectral, 307
Time averages, 142
Toeplitz
matrix, 142, 173, 396
structure
symmetric, 180
Total
log spectral distance, 69
probability, 121
Training vector, 233
Transfer function, 46
all-pass, 168
head-related, 491
Transform
discrete Fourier, 47
discrete Fourier (DFT), 90
fast Fourier (FFT), 56, 93, 540
Fourier, 35
Laplace, 42
z, 41
Transition probability, 324, 343
Transmission
delay, 507
discontinuous, 425
multi-channel sound, 557
path
electro-acoustic, 506
stereophonic, 558
Transmit branch, 507
Triangular probability density function,
211
Truncation
magnitude, 204
Tube
Eustachian, 26
lossless, 13
model
acoustic, 11
Tukey window, 410
Turbo error...concealment, 353
Two-sided z-transform, 42

U
UMTS, see Universal mobile
telecommunications system
Uncertainty, 135
Unconstrained fast LMS algorithm, 548
Uncorrelatedness, 131
Uniform
density, 125, 132
distribution, 125, 211
guantization, 203
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Unit number, 469, 472
step, 41 Waveform coding, 241, 242
variance, 129 di erential, 245
Universal mobile telecommunications Weighted
system (UMTS), 299, 316, 506 least-squares algorithm, 532
Unvoiced sound, 7 mean square error, 230
User comfort, 505 mega operations per second
(WMOPS), 571
A% White
VAD, see Voice activity detector noise, 145
Variance, 124...128 guantization noise, 254
inverse normalized, 438 Whitening e ect, 186
short-time, 143 spectral, 288
unit, 129 Wideband
Vector speech, 239, 363
excitation, 293 speech codec

guantization, 228, 229, 278
gain...shape, 236, 278
guantizer representation, 228

adaptive multi-rate, 300
speech transmission, 363
telephone speech, 365

quantizer reproduction, 228 Wiener

space, 527 “Iter, 394, 402, 408, 445, 450, 453,

training, 233 513, 554
Velocity non-causal |IR, 443

particle, 13 solution, 548

volume, 14 Window
Velum, 8 boxcar, 54
Vocal "at-top, 410

chords, 7 function, 52

tract, 7 Hamming, 54

inverse of model, 172 Hann, 54

tract “Iter, 10 oval, 26

tract model, 164 rectangular, 54
Vocoder, 242, 262 round, 26

cepstrum, 265 sliding, 75

channel, 263 Tukey, 410

formant, 264 WMOPS, see Weighted mega operations

LPC, 266 per second

phase, 265

structure, 262 Z
Voice z-transform, 41

activity detection, 426 one-sided, 44

activity detector, 401, 425 two-sided, 42

coder, 262 Zero

communication mean, 129

handsfree, 505 padding, 56, 62

Voiceband data, 285 Zero-phase “lter, 415

Voiced sound, 7
Volume velocity, 14, 469
Voronoi cell, 228

Vowel, 8

A\%%

Wave
equation, 13
length, 469








