A
Adaline, 61, 304, 4i0, 415
Adaptation:
fast, 59
slow, 59
Adaptive:
algorithms:
efficiency, 74-77
controls, 1

echo canceler, 410
equalization, 410
filter, 339
causal, 60
FIR, 60
nonlinear, 303, 305, 306, 475, 477,
479484
fittering, 1, 59
inverse control, see Inverse contro!
linear bypass, 304
linear combiner, 61, 339, 414
noise canceling, 59, 7781
plant modeling, see Plant, ideavification
predictor, 71-74
resonance theory {ART) 1-3, 410
signal processing, |
threshold element, see Adaline
Alleron, 235
control signals, 235
Aircrafl noise canceling, 296-301
Adrcraft vibrational control, 27, 234235
Astrom and Wittenmark, 363-368
Audio input signal, 184
Autocorrelation, 42, 48, 350, 384, 391

Toeplitz, 391
B
Backpropagation, 29, 33, 304, 328, 409464,
475, 493

Index

through time, 437, 484
Beam control, 32
Bias, 249
Bias weight, 416
Blood pressure control, 26, 154-159
Boltzmann machine, 410
Bootstrapping, 410
Bowl-shaped, 62
Bunch trajectory, 399

C

Canard wings, 235
Characteristic polynonuai, 224
Chemical process industry, 491-493
CMAC, 410
Command input, 2, 188, 262
Contral:

effort, 147, 148

nonlinear:

us¢ of neural networks, 304

Coneroller, 24, 138, 262, 485, 490

erroneous, 262

error in, 262

ideal, 319

output power, 283

weights:

noise varnance, 178

Convergence:

conditions, 349

of mean, 66, 344, 353

of variance, 66, 180, 206, 207, 342-345,

353

speed, 383
Convolution, 41
Covariance mairix, 342, 344
Crosscorrelation, 43, 62, 384

503
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D power, 206, 223, 227, 255, 256, 258,
DCT/LMS atgorithm, see LMS, DCT/LMS al- 261, 268, 283

gorithm scherne A, 29, 94, 127, 307, 328, 349-
Deconvolution, see Inverse modeling 362

Decorrelation, 386
Delay, 13
unit, 209
Derivative model, 309
Desired response, 60, 83
DFT/LMS algorithm, see LMS, DFT/LMS al-
gorithm
Differential steepest-descent {DSD), 139, 311
Digital filter:
causal, 43
linear, 40, 41
noncausal, 43
tapped delay line, see Digital fil-
ter, transversal
trapsversal, 41, 89
weights, 40
Discrete Hartley transform, 386
Disturbance, 1, 2, 5, 89, 188, 262, 311, 319,
320, 369
canceler, 258
insensitivity, 254-255
optimality, 212-215
canceling, 13, 59, 209--257, 264, 328,
372-381
MIMO, 290-292
nonlinear, 303, 319321
nonlinear MIMO, 320-321
optimal, 32]
stability, 223-226
canceling loop, 262
minimizing, 212
model, 212
power, 378
ramp, 239, 246
reference, 211
RMS, 400
spectrum, 249
step, 239, 246
uncanceled, 215, 228, 256, 258, 260,
261, 265
white, 212
Dither, 29, 93-97, 307, 311, 313, 328, 349-
302
noise, 41, 143, 144, 163, 258, 260, 265,
266, 287
optimal, 159

Schemc ANL) 30?. 3] l, 313
scheme B, 30, 94, 127, 301, 307, 328,
349-362
MIMO modeling with, 276-280
scheme By, , 307-309, 311, 313, 321
scheme C. 30, 94, 108, 127, 141, 229,
301, 309, 310, 328, 349-362
MIMO maodeling with, 280-285
scheme Cyp, 309-311, 313, 321
signal, 90
white, 223, 227, 229
Dynamic respoase distortion, 265, 266
Dynamic system error, 128, 287

E
Earphone nose cancelation, 236-237
Eigenvalue, 182, 206, 223, 383
largest, 64
matrix, 63
spread, 194, 197, 359, 383, 390
Eigenvector:
matrix, 63
Einstein, 398
Electric arc furnace, 487, 490
Electrocardiography, 79
adult and fetal, 59. 79
Envelope:
exponential, 64
Equalization, see Inverse modeling
Error coerrection rules, 428-437
linear rules, 429-430
nonlinear rules, 430434
Error signal, 2, 276

F

Feedback, 4, 271
beam steering, 400
disturbance canceling, 209, 224, 258
filter, 211, 264
stabilizer, 2, 31, 369, 377-382
unity, 2

Feedforward:
filtering, 211
network, 421-424

Fitter:
bandpass, 389
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nonlinear, 328
optimized, causal, 114
whitening, 114, 212
Filtered-¢, see LMS., filtered-¢
Filtered- X, see LMS, filtered-X
Filtered error, 166
FIR, 89, 261, 350
Follow-up system, 2
Fuzzy logic, 491, 493

G

Gaussian elimination, 248
Geometric:
ratios, 341
solation, 64
Gradient, 65
estimated, 65
estimation, 83
instantaneous, 66, 304
measured. 65
noise, 63, 67-71
covariance, 76
unbiased estimate, 66, 67
vector, 62, 64

H

Havener, John, 491
Hebbian learning, 410
Hyperellipsoid, 391
Hyperplane, 416

!
Idealized modeling, 90-91
IEEE Transactions on Neural Networks, 304
IIR, 89
Impulse response, 41, 337, 338
noncausal, 42
optimal, 60
Input correlation matrix R, 62
Input signal X. 62
Instability. see Plant, instability
adaptive process, 201
Intelligent control systems, 33
Inverse, 272
control, 257
model-reference, 4, 26
nonlingar, 303-328, 480484
inodeling, 2
nonlinear, 303, 313
plant model, &

Inverse control, 258
MIMO, 285-290
nonlinear, 2, 311-319
nontinrear MIMO, 315-319
system, 138

J

Journal of Neural Compuation, 304

K
Keeler, Jim, 491

L
Law of large numbers, 354

L earning curve, 67
Linearly separable logic functions, 416
Linear accelerator, 397
Linear classitier, 419
capacity, 417419
Linear gquadratic Gaussian (LQG) method,
400, 404
Linear random search (LRS), 139, 311
LMS:
a-LMS algorithm, 429-430, 441443
algorithm, 25, 59, 65, 326, 339, 340,
352, 383, 409, 414
DCT/LMS algorithm, 31, 194201,
249, 383-394
robusiness, 393
DFT/LMS algorithm, 31, 383-394
robustness, 393
filtered-€, 27, 28, 160, 165-169, 175~
180, 197-201, 285, 289-290,
296-301, 312-315, 328, 479-484
filtered-X. 27, 160165, 180183, 194
197, 201, 207
problems, 188-194
filters:
adaptive, 59-84
#-LMS algorithm, 440443
spectrum analyzer, 393

M
Madaline, 33, 400464
Markov process:

first-order, 8, 14, 188, 392-393
Matrix inversion lemma, 384, 385
Matrix multiplication, 270
Mean square error. see MSE
Memoryless, 323
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MIMO, 28, 235, 269-302, 312, 319, 328,
396407, 475
feedback system, 272
linear dynamic filter, 270
norlinear, 303
representation, 270-273
Minimal disturbance principle, 409, 428
Minimum-phase, see Plant, minimum-phase
Misadjustment, 29, 59, 69-71, 83, 84, 276,
279, 285, 301, 342-345, 349, 351,
356-357
Mismatch, 89, 91-97, 102
sources, §9-90
Model-reference control, see Inverse, con-
trol, model-reference
Modeling signal, 141
Modem, 410
MBSE, 62, 283, 346
average, 73
excess, 346, 355, 357
minimum, 57, 174, 319, 339, 355
small-sample-size, 84
surface, 438—440, 447, 461-462

Neural Applications Corporation, 487
Neural control systems, 33
Neural network, 61, 311, 328, 409, 477, 480-
484, 491-493
training algorithms, 409
backpropagation, see Backpropaga-
tion
backpropagation-through-time, see
Backpropagation, through tirne
LMS ailgorithm, see LMS, algorithm

Madaline rule 1, 409, 411, 421, 434

436
Madaline rule 11, 409, 411, 436-437,
460
Madaline rule [11, 409, 411, 445447,
458461
Perceptron rule, 409, 431433
Newral Networks, 304
Noise:
canceler, 183186
multiple-reference, 79
in weight vector, 83
reference, 77, 211
synthetic, 215, 321
white, 48

Nonlinear classifier:
capacity, 424426
Nonminimum-phase, see Plant, nonminimum-

phase
Normat form, 63, 341
O
Offline:

adaptation, 215-216, 322, 328
inverse modeling, 125, 140, 290, 321
Online:
adaptation, 322, 328
inverse modeling, 125, 290, 32]
Orthogonalizing algorithms, 31
Orthonormal modal matrix, 63
Cutput, 89
distortion, 264
disturbance power, 256, 287
error power, 228, 256, 258
min, 228
noise power, 260, 268
signal distortion, 227
transform, 227
Overall system performance, 258

P
Panic button, 211, 258
Perceptron, 33, 409464
Persistently exciting, 30, 90
Piant, 89
delayed inverse, 166
discretized equivalent, 7
discretized stabilized, 14
disturbance, see Disturbance, 141, 143
controlling, 149
dynamic response, 89
emulator, 483, 485, 490, 492
eqguivalent, stable, 31, 111
identification, 2, 3, 59, 88, 97-102, 216
221,223, 328, 349, 358
imperfect, 262
MIMOQ, 274285, 301
nonlinear, 307, 323
stability, 223226
input sigaal:
power, 256
instability, 1-3
inverse, 3
delayed, 115, 290, 296
nonlinear, 328
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inverse modeling, 59, 111-136, 211
disturbed plant, 120-126
error, 126
minimum-phase, 111-113
model-reference, 111, 117-120, 122
ronmirimum-phase, 111, 113-1t7,
131-136
minimum-phase, 2, 7, 13, 261, 266-268
model, 483
meodeling, see Plant, identification
nonlinear, 303, 319, 323
nonminimum-phase, 2, 4, 13, 202, 266—
268
nonstationary, 3
stabilized, 370-372
unstable, 31, 369-382
Poles:
outside unit circle of z-plane, 4
right half of s-plane, 4
Polynomial discriminant function, 419421
Positive definite, 63
Positive semidefinite, 63
Power normalization, 388, 390, 391
Primary input, 77
Primed coordinates, 64
Principal axes, 64
Punish/reward, 410

Quadratic function, 62, 304
Quasistatic stationarity, 4

R
Rate of adaptation, 64
Rate of convergence, 59
filtered-¢ LMS, 170-175
Recursive least squares (RLS) algorithm, 31,
77,194, 383-394
Refercnce model, 4, 13, 117, 188, 262
Reflection coefficients, 384
Reinforcement leagning, 410
Rosenblart, 304

S

Sampling rate, 264

Self-tuning reguiator, 30, 363-368

Sensor noise, 5, 89

Sequential regression {(SER) algorithm, 405
Servo, 235

Shannon-Bode theory, 25-27, 40, 51-57, 113,
214,372
Side lobes, 116
Sigmoid, 323, 411
Signum, 411
SISO, 28, 269, 270, 303, 312, 319, 328
Sliding-DFT, 393
Speed of light, 398
Squarer, 303
Stability, 2, 64, 230, 256, 258, 261, 269, 276,
285, 339-342, 383
criteria, 226, 261
filtered-¢ LMS, 170-175
LMS filter, 29, 59
of variance, 357
range of wu, 182, 206, 256, 279, 285,
341, 344, 350, 360
Staib, Bill, 487
Stanford Linear Accelerator Center, 32, 396—
407
Steel making, 487-48%
Steepest descent:
method, 62, 64, 65, 304
rufes, 437451
linear, 438—443
nonlinear rules, 443451
Strong ambient noise, 184
System error, 201
dynamic, 143, 144
variance, 175
variance of, 179, 181, 182, 206, 207,
288
excess, 143, 262
overall, 141, 143, 159, 289
truncation, 143
System integration, 27, 257-260
MIMO, 292-296

T

Tapped delay line, 60, 326, 339

Threshold logic functions, 416

Threshold logic unit, see Adaline

Time constant, 63, 67, 108, 173, 180, 206,
223, 228, 255, 258, 261, 279, 301,
339-342, 350, 358, 360, 383

large, 261

Time variant, see Plant, nonstationary

Tracking ability, 386

Trajectory control, 399
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Transfer function, 3, 4, 42, 57, 256, 261, 270,
273, 286, 370
discretized, 102
matrices of, 270, 271
Truck backer-upper, 457, 484487
Truncation error, 201, 287

U

Unitary transformation, 390
Unit circle, 256, 337, 338
Unit delay, see Delay, unit

Vv
Variable weights, 60
Variance:
of dynamic system error, 136, 264
of output error, 264
Vector difference equation, 64
Vector error signal, 65
VYolterra:
filter, 304, 307, 326
model, 309
series, 304

w
‘Walsh-Hadatnard transform, 386
Weight-vector:

controller, 138

noise, 6769, 358, 359

Weight noise, 90, 276, 355
filtered-¢ LMS, 170175
Weight noise covariance matrix, 108, 174,
223, 346, 349, 351-353, 355, 357,
360
Werbos, 411
Whitaker, 4
White noise, 14, 262
Widrow-Hoff delta rule, see LMS, algorithm
Widrow-Hoff LMS algorithm, see LMS, algo-
rithm
Widrew and Hoff, 304
Wiener:
disturbance canceler, 214
filter, 24, 40--57
causal, 53, 57, 372
noise filter, 47
noncausal, 40, 45, 57, 90
two-sided, see Wiener, filter, non-
causal
filtering, 25
solution, 63, 84, 113, 339, 342, 352, 384
theory, 25
Wiener-Hopf equation, 46, 57, 248
causal, 51
matrix form, 63

y 4

z-transform, 41





