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ABAQUS, 233
Accelerometers, 58, 60—63
piezoelectric, 60—-62
Super Glue, 274
triaxial, 62, 63
Accuracy (prognostic measures), 386, 387
ACM, see Automated contingency
management
Acoustic eddy-current emission sensors, 58
Acoustoultrasonic (AU) NDI method, 67
Activation function (NNs), 314, 316
Active power control, 84
Adaptation, in CBR, 249-250
Adder-multiplier circuit, 236-237
ADI, see Analog Devices, Inc.
Aircraft. See also Helicopter gearbox case
study
diagnostic technologies for, xvi—xviii, 1-3
engine fault diagnostic systems, 372-377
gearbox vibration monitoring/analysis
case study, 134-146
military, maintenance cost for
intermediate gearbox, 407-408
Air Force Research Laboratory (ARFL),
273-274
Al systems, see Artificial intelligence
systems
Alarm bounds, 182, 288, 312, 313
Analog Devices, Inc. (ADI), 75, 76
Analytic measurement, 151
Analytic sensors, 151

ANNSs, see Artificial neural networks

ANSYS, 233, 234

ARFL (Air Force Research Laboratory),
273-274

ARIMA, 295

ARINC data buses, 2, 3

ARMA (autoregressive moving-average)
techniques, 293-296

ARMAX, 295, 296

Aromat, 75

ARRI (Automation & Robotics Research
Institute), 80

Artificial intelligence (Al) systems, 244,
312-313. See also Case-based
reasoning

Artificial neural networks (ANNSs), 312-313

data and feature fusion, 158—159
learning/training in, 315-318

Association measures, 361

AU (acoustoultrasonic) NDI method, 67

Autocorrelation, 112, 113

Automated contingency management
(ACM), 50, 52

Automation & Robotics Research Institute
(ARRI), 80

Autonomic logistics, xv

Autonomous fusion architecture, 154, 155

Autonomous logistics system concept, 6

Autoregressive moving-average (ARMA)
techniques, 293-296
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Backpropagated error (ANNs), 315-317
Barron Associates, Inc., 258, 260
Basic probability assignment (BPA), 198
Bathtub curve, 267, 303
Bayesian inference, 156
Bayesian (belief) networks, 263-264
Bayesian probability theory, 303-306
Bayes’ theorem, 263
Bearings case studies/examples:
confidence of prognostic measures, 391—
393
crack size prediction and RUL for
industrial chiller, 319-325
early fault detection for rolling-element
bearings, 337-339
engine bearings vibration-based fault
detection, 271-279
fault prognosis, 336-351
high-frequency enveloping analysis, 339,
340
model-based analysis for prognosis, 340,
341
prognosis model validation, 346-351
spall initiation and propagation models,
342-346
Belief in A (Dempster-Shafer theory), 198—
199
Belief interval, 198
Belief (Bayesian) networks, 263-264
Biochemical sensors, 70
BITE (built-in test equipment), 2
BIT techniques, see Built-in test techniques
Bluetooth, 83
Bollinger bands, 183
Boolean expressions, 36
Bootstrapping, 83
BPA (basic probability assignment), 198
Built-in test equipment (BITE), 2
Built-in test (BIT) techniques, 267, 269, 270
Bulk ultrasonic waves, 66—68
Business case approaches, xviii

Case-based learning, 317
Case-based reasoning (CBR), 243-262
adaptation in, 249-250
advantages and disadvantages of, 256
case structure, 256, 258-262
coding in, 246-249
dynamic CBR, 250-257
other technologies vs., 245
CBM, see Condition-based maintenance
CBM/PHM, see Condition-based
maintenance/prognostics and health
management

CBM/PHM sensors, in system monitoring,
59
CBR, see Case-based reasoning
Central fault display system (CFDS), 2-3
Certainty, degree of, 106
CFDS (central fault display system), 2-3
CINCLANTFLT complexity/cost-benefit
analysis study, 398
Classifier:
fuzzy fault, 206, 209
ideal, 359
performance metrics, 371-377
Coding, in CBR, 246-249
Coefficient-based feature extraction, 124
Communication networks, 81-82
Competitive NN with Kohonen training, 190
Complexity measure, 397
Complex Morlet wavelets, 126—127
Complex systems:
maintenance and support, xvi
susceptibility to unexpected behavior, 371
Compression ratio, 100
Computation tree logic (CTL), 37
Conditional expected value, 184—185
Conditional probability density function,
304, 305, 309
Condition-based maintenance (CBM), xv,
XViii
defined, 13
product support with, 405-408
product support without, 404—405
test-plan design, 26, 28-32
Condition-based maintenance/prognostics
and health management (CBM/PHM):
general requirements for, 356-357
integrated design approach for, 15
normal vs. faulty features/signatures in,
56-57
online/offline phases of, 14-16
systems approach to, see Systems
approach to CBM/PHM
Conductivity sensors, 70
Confidence, degree of, 109-110
Confidence bounds:
Kalman filter, 214, 217
RLS, 222
Confidence estimation, 313
Confidence level:
in case-based reasoning, 256
detection threshold, 367
diagnostic, 369-370
fault severity level, 367, 368
fluctuation in, 369-370
prognostic, 388-393



and uncertainty, 390-391
Confidence limits:
in data-driven prediction techniques, 312
of predictions, 324
probability density functions, 303
and tolerance limits, 288
Confidence prediction neural network
(CPNN), 313-314, 324-330
GRNN, 324-329
and Q-learning, 330
Conflict set, 236
Confusion matrix, 371-372, 378
Control and contingency management, 49—
54
Control membership functions (fuzzy logic),
196
Convolution theorem, 117, 118
Correlation, 112, 113
Correlation measures, 361
Correlation theorem, 118, 119
Corrosion fatigue models, 229-232
Cost-benefit analysis:
for CBM/PHM systems, 396398
Nittany Trucking Company case study,
47-49
Cost-effective implementation, 7
CPH (critical prediction horizon), 358
CPNN, see Confidence prediction neural
network
Crack initiation and propagation models,
228-232, 292-293
Crack tip stress, 300
Critical prediction horizon (CPH), 358
Crossbow Berkeley Motes, 86
CTL (computation tree logic), 37
Customer support, 400

Database management, 163—165
Data compression/decompression, 100
Data-driven diagnostic decision-making,
192-193
Data-driven diagnostic technologies, 178,
179
Data-driven prognosis techniques, 312—-333
confidence prediction neural networks,
324-329
dynamic wavelet neural networks, 318—
325
neural networks, 314-318
neurodynamic Q-learning, 330-333
DCBR, see Dynamic case-based reasoning
Decision making. See also Model-based
reasoning
data-driven diagnostic, 192—-193
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fault classification, see Fault classification
decision making
fuzzy logic, 193-197
multiattribute, 18
sensors and user interface, 88
Degree of certainty metric, 106
Degree of confidence (DOC), 109-110
Delphi Oracle, 285
Dempster-Shafer fusion, 156-157, 161
Dempster-Shafer theory of evidence, 197-
203
Dempster’s rule of combination, 198
Denoising, 99-100
Dependence measures, 361
Designed-in fault diagnosis/prognosis, 4-5
Detectability, 107
Detection, time to, 79. See also Fault
detection
DFT, see Discrete Fourier transform
DG (directed graph), 80
Diagnosis:
failure, 176
fault, see Fault diagnosis
Diagnosis performance metrics, 176—178,
362-385
architecture for assessment, 379-385
classifier metrics, 371-377
complex systems, 371
confidence level, 369-370
detection threshold, 367, 369
fault severity, 366—-368
receiver operating characteristic, 364—368
statistical detection, 374-379
Diagnostic tree design, 236-237
Diffuse ultrasonic waves, 67—-69
Digital BITE, 2
Digital data buses, 2
Dilation parameter (WNNs), 204
Directed graph (DG), 80
Discrete Fourier transform (DFT), 114-115
moving windowed, 116-118
properties of, 117-119
time-averaged data, 102-104
Distance measures, 360-361
Distinguishability measures, 106—107, 360—
361
Divergence, 360
DOC (degree of confidence), 109-110
Drive shaft fault diagnosis, 265
DWNNS, see Dynamic wavelet neural
networks
Dynamic case-based reasoning (DCBR),
250-257
architecture, 250, 256, 257
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Dynamic case-based reasoning (DCBR)
(continued)
concept of, 250-251
for fault diagnosis, 253-257
inferencing mechanism, 251, 253
Dynamic metrology systems, 58
Dynamic programming, 317
Dynamic systems modeling, 211-227
Kalman filter, 213-218
particle filtering, 224-227
recursive least-squares parameter
identification, 218-224
Dynamic wavelet neural networks
(DWNNS), 318-325
bearing crack size prediction and RUL
for industrial chiller, 319-325
as information fusion device, 319
structure of, 318-319

Eddy-current emission sensors, 58
Eddy-current proximity sensors, 74-76, 265
Effectiveness metrics, 7, 395-396
Electrical systems, diagnostic framework
for, 267-270
Electrohydraulic flight actuator:
physical model-based methods for, 212
RLS for sensor selection and feature
vector estimation, 222-224
Electronic systems, diagnostic framework
for, 267-271
Energy-based feature extraction, 124-125
Engine bearings vibration-based fault
detection, 271-279
diagnostic indicators, 273-274
fault frequencies, 274-276
feature extraction with high-frequency
enveloping, 276-279
Engine blade cracks time-of-arrival case
study, 130-135
Engine fault diagnostic systems (aircraft),
372-371
Enterprise requirements planning (ERP)
systems, 407
Envelope detection, 128
Epicyclic gear system, 134
Equation error model, 295
ERP (enterprise requirements planning)
systems, 407
Error covariance, 214
Exemplar-based learning, 317
Exponential data weighting, 221

Failure:
detection, 79, 176, 363, 364, 367, 369

in electronics, 268
identification, 176, 357
isolation, 5-6, 176, 357, 372
of motors, 20, 22
time to, 79
Failure diagnosis, defined, 176
Failure mechanisms, physics of, 13
Failure modes and effects criticality analysis
(FMECA), 14, 18, 20, 22-27
algorithms for, 20
design of, 22-23
domain knowledge in, 22
for electronic systems, 270
for Navy shipboard chiller, 23-27
Failure prediction, time window for, xix
Failure progression timeline, xx, Xxxi
False-alarm probability, 303, 364
False-alarm rates, 357
False confidence metric, 370
Fast Fourier transform (FFT), 115
to extract frequency component
information, 119-121
FFT spectrum analysis, 128
of time window, 115-116
FASTRAN, 233
Fatigue models, 228-232, 291-293
Fault accommodation, 50
Fault classification decision making, 191—
211
decision-making methods, 193-197
Dempster-Shafer theory of evidence, 197-
203
fault-pattern library, 191, 193, 194
multimodel and filter-bank, 206, 209-211
wavelet fuzzy, 206
wavelet neural network, 203—-208
Fault detection:
defined, 176
detection threshold metric, 367, 369
probability of, 363, 364
sensitivity, 79
strategies, 178-181
Fault detection and identification (FDI),
174. See also Fault diagnosis
strategies, 178-181
structure, 178
Fault diagnosis, 172-279
in aircraft, xvi, xvii
alarm bounds, 182—-183
algorithms, 177
applications of, xxi
Bayesian networks, 263-264
case-based reasoning, 243-262
defined, 176



designing systems, 4-5
dynamic systems modeling, 211-227
for electrical/electronic systems, 267-271
engine bearings case study, 271-279
fault classification decision making, 191—
211
fault detection and identification
strategies, 178-181
framework for, 175-176
functional layers, 5-7
general requirements for, 357-358
hidden Markov models, 265-267
historical data diagnostic methods, 181—
191
historical perspective on, 1-3
mechanical face seal and drive shaft, 265,
266
model-based reasoning techniques, 235—
254
OSA-CBM/MIMOSA initiative, 181-182
performance metrics, see Diagnosis
performance metrics
physical model-based methods, 227-235
prognosis vs., Xix
relationship of prognosis and, xx, xxi
requirements and performance metrics
for, 176178
software for, 417-419
state-based feature recognition, 260, 263
statistical change detection, 258-260
statistical legacy data classification and
clustering methods, 183-191
system requirements for, 3—4
terms related to, 176
Fault identification:
defined, 176
general requirements for, 357
strategies, 178—181
Fault isolation, 5—6
defined, 176
general requirements for, 357
probability of, 372
Fault-pattern library, 191, 193, 194
Fault prognosis, xvi, 284-351
accuracy of, 290
algorithm approaches, 288, 289
bearing case study, 336-351
challenges in, 285-287
in comprehensive health management
system, Xix
data-driven techniques, 312-333
defined, 284
designing systems, 4-5
desire for, xvii
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diagnosis vs., Xix
functional layers, 5-7
gas turbine performance case study, 333—
335
general requirements for, 357-358
historical perspective on, 1-3
model-based techniques for, 289-292
performance metrics, see Prognosis
performance metrics
prediction problem in, 287-288
probability-based techniques, 301-312
relationship of diagnosis and, xx, xxi
system requirements for, 3—4
technologies for, 288, 289
of useful life remaining, xxi
Fault propagation, 285-286
Fault severity, 366368
Fault tolerance limits, 288. See also Alarm
bounds
Fault-tolerant control (FTC), 50-54
FDI, see Fault detection and identification
FEA (finite-element analysis), 232235
Feature evaluation:
methods for, 361-362
metrics for, 358-361
Feature extraction, 56-57
coefficient-based features, 124
energy-based features, 124125
of real-time image, 146150
in signal processing, 104—106
singularity-based features, 125
using high-frequency enveloping, 276—
279
from wavelet-based methods, 124—125
Feature ordering, 109, 110
Feature selection, in signal processing, 104—
110
Feature vectors, 180-181, 213
Feedback, 7
Feedforward neural network, 314
FFT, see Fast Fourier transform
Fiberoptic sensors, 70, 7677
Figure of merit (FOM), 79, 80
Filter-bank fault classification, 206, 209-210
Filtered variable, 98
Finite-element analysis (FEA), 232-235
Finite state machines, 260
FMECA, see Failure modes and effects
criticality analysis
FOM, see Figure of merit
Frame of discernment (Dempster-Shafer
theory), 197
FRANC-3D, 233
Frequency of occurrence, 22
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Frequency spectrum of time signals, 114—
121
discrete Fourier transform, 114-115
fast Fourier transform, 115
FTC (fault-tolerant control), 50-54
Functional model, 238
Fusion/integration technologies, 152-162
architectures, 154—155
results example, 159-162
techniques for, 156-159
usage-pattern tracking, 162—163
Fuzzy classification, 108, 109
Fuzzy logic, 194
decision making, 193-197
with Dempster-Shafer combination rule,
199-203
historic data, 185-186
Fuzzy-logic inference fusion, 157-158
Fuzzy-logic systems, as nonlinear networks,
312

GAs (genetic algorithms), 410

Gas turbine performance prognosis case
study, 333-335

Gearbox:

helicopter, see Helicopter gearbox case
study
maintenance cost, for military aircraft,
407-408

Gear mesh frequencies (GMFs), 274-276

General regression neural network (GRNN),
324-329

Genetic algorithms (GAs), 410

Georgia Institute of Technology, 37, 78,
146, 296

GMFs (gear mesh frequencies), 274-276

Gradient algorithm (ANNs), 315, 316

Green, Itzhak, 265

GRNN (general regression neural network),
324-329

Ground-truth severity, 159, 366368

Guided ultrasonic waves, 65-67

Hadden, George D., 160

Half bridge, 99

Hazard function, 303

Hazard zones, 312

Hebbian algorithm, 317

Helicopter gearbox case study:
crack on component, 233-234
epicyclic gear system, 134
model-based reasoning, 238, 240-243
planetary gear plate, 134—135
remaining useful life prediction, 309-312

seeded-fault test, 137—138
vibration data and feature extraction,
138-146
vibration monitoring and analysis, 134—
146
Helicopter Integrated Diagnostic System
(HIDS) Program, 181
HFD (high-frequency detection), 129-130
Hidden layer (NNs), 314
Hidden Markov models (HMMs), 265-267
HIDS (Helicopter Integrated Diagnostic
System Program), 181

High-frequency detection (HFD), 129-130
High-frequency enveloping analysis:

bearings case studies, 339, 340

feature extraction with, 276-279
HMMs (hidden Markov models), 265-267
Home rf, 84
Honeywell International, 37, 160, 263
Hood Technology, 130
House of quality, 17
Hybrid fusion architectures, 154, 155
Hypothesis (Dempster-Shafer theory), 197

Ideal classifier, 359

Identifiability measure, 107, 108

IEEE (Institute of Electrical and Electronics
Engineers), 89

IEEE 1451, 89-91

Image preprocessing, 147-148

IMATE (intelligent maintenance advisor for
turbine engines), 372-377

Impact Energy, 276-279

Impact Technologies, Inc., 37, 379

Impulse-response functions, 126

Induction (CBR), 244-246

Industrial chiller, bearing crack size
prediction and RUL for, 319-325

In-field failures, 4

Information fusion device, DWNNs as, 319

Information measures, 359-360

Innovations-based detection systems, 210—
211

Institute of Electrical and Electronics
Engineers (IEEE), 89

Integrated product and process design
(IPPD), 16-17

Intelligent maintenance, xv, xvi

Intelligent maintenance advisor for turbine
engines (IMATE), 372-377

International Standards Organization (ISO)
standards, 174

IPPD (integrated product and process
design), 16-17



IrDA, 84
ISO standards, 174

Joint probability density functions, 304,
305, 326-329

Joint Strike Fighter (JSF) fuel supply
system, 238, 239

Just-in-time learning, 317

Just-in-time point (RUL PDF), 309

Kalman filter, 213-218

Kalman gain, 215

Knowledge base:
for product support, 401, 403-404
signal processing, 109

Knowledge fusion, 153

Kurtosis, 112

LabVIEW software, 87, 88
Lamb waves, 65, 66
Lazy/eager distinction (NNs), 317
Learning adaptation algorithms, 249, 250
Least-squares method, 295
LEDs (light-emitting diodes), 2
Levenberg-Marquart algorithm, 317
Life degradation, 303, 304
Light-emitting diodes (LEDs), 2
Likelihood function, 304
Likelihood principle, 264
Line-replaceable units (LRUs), 2, 3
criticality of, 289
gearbox fault propagation, 286
Lock-in thermography (LT), 73, 74
Logistics, 400-416
autonomous logistics system concept, 6
knowledge base, 401, 403—-404
maintenance scheduling strategies, 409—
416
product-support architecture, 401, 402,
404-408
product support with CBM, 405-408
product support without CBM, 404—405
use of term, 400
Long-term predictions (particle filter
framework), 296-298
Lower probability of A (Dempster-Shafer
theory), 198
Low-pass filters (LPFs), 98
LRUs, see Line-replaceable units
LT, see Lock-in thermography

MAs (moving averages), 114
Machinery Information Management Open
Systems Alliance (MIMOSA), 181, 182
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MADM (multiattribute decision making)
model, 18
Magnetic-field devices, 70
Maintenance scheduling strategies, 409-416
with CBM, 409-410
for helicopters, 410-416
without CBM, 409
Manufacturing variability, 303, 304
Marginal probability density functions, 304,
305
MATLAB, 112, 113
Fuzzy Logic Toolbox, 186
Neural Network Toolbox, 186, 187
Statistics Toolbox, 184
MBR, see Model-based reasoning
Measurand, 59
Measured signal, 59
Measurement noise, 214
Measuring device, 59
Mechanical and structural sensor systems,
60-68
accelerometers, 60—63
strain gauges, 62—64
ultrasonic sensor systems, 64—69
Mechanical face seals fault diagnosis, 265,
266
Mechanical Systems Diagnostic Analysis,
260
Membership functions (fuzzy logic), 195—
197
Memory-based learning, 317
MEMS, see Microelectromechanical system
MET, see Metrics evaluation tool
Metamodels, 292
Metrics evaluation tool (MET), 379-385
client application and function, 382-385
database development and data
evaluation, 381-381
Microelectromechanical system (MEMS):
fabrication of, 91
power generators, 82
radio-frequency components, 82
sensors, 75, 76, 98
Microstrain, 86, 87
MIMOSA, see Machinery Information
Management Open Systems Alliance
Minimized language, 254
Minisimulator (ARFL), 273-274
Misfire detection, 152
Mission history variations, 303, 304
MM (morphologic matrix), 17, 20
Model-based diagnostic technologies, 178,
179
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Model-based prognosis techniques, 289—-292
ARMA/ARMAX/ARIMA methods,
293-296
particle filter framework, 296-302
physics-based fatigue models, 291-293
Model-based reasoning (MBR), 235-254
diagnostic tree design with, 236-237
in fault diagnosis, 237-238
helicopter intermediate gearbox example,
238, 240-243
performance metrics, 242, 243
Model checking, 36-37
Model identification, 293-294
Model verification, 34
Moments, 110
about the mean, 111-112
about zero and energy, 110-111
Morphologic matrix (MM), 17, 20
Moving averages (MAs), 114
Moving windowed DFT, 116-118
Multiattribute decision making (MADM)
model, 18

National Institute of Standards and
Technology (NIST), 89
Neural networks (NNs), 314-318
and confidence estimation methods, 313
confidence prediction, 313-314, 324-329
data and feature fusion, 158-159
data classification and clustering, 186—
191
dynamic wavelet, 318-325
general regression, 324-329
layers of, 186
mathematical structure of, 186
as nonlinear networks, 312
as virtual sensors, 152
wavelet, 187, 203-208
Neurodynamic programming, 318
Neurodynamic Q-learning, 330-333
NIST (National Institute of Standards and
Technology), 89
Nittany Trucking Company case study, 47—
49
NNs, see Neural networks
Nonlinear network approximators, 312
Normalized mean squared error, 100
Northrop Grumman, 37

Oceanasensor.com, 60

ODEs (ordinary differential equations), 211

Offline phase (CBM/PHM), 14-16

Online fault monitoring and diagnosis, 179—
180

Online phase (CBM/PHM), 14, 15

Open systems architecture (OSA), 173

Operational and support (O&S) cost, xvi

Ordinary differential equations (ODEs), 211

OSA (open systems architecture), 173

OSA-CBM/MIMOSA, 181-182

O&S (operational and support) cost, xvi

Output membership functions (fuzzy logic),
195, 196

Parameter vector, 219-220
Parker, B. Eugene, 258
Parseval’s theorem, 117
Particle filter framework, 296-302
Particle filtering, 224227
Parzen estimator, 325-329
PBL, see Performance-based logistics
PDFs, see Probability density functions
Peaksensors.co.uk, 71
Pearson’s correlation, 113
PEDS (Prognostic Enhancements to
Diagnostic Systems) Program, 37-40
Penn State Applied Research Laboratory,
379
Performance assessment, 28, 30, 33-38
metrics for, 35
objectives of, 30
verification and validation methods, 36—
38
verification and validation of system, 33—
34
Performance-based logistics (PBL), xv, xviii
Performance metrics, 6, 7, 35, 355-398
complexity/cost-benefit analysis
components of, 396-398
for diagnostic systems, see Diagnosis
performance metrics
fault diagnosis/prognosis requirements,
357-358
and feature evaluation, 358-362
model-based reasoning, 242, 243
prognosis, see Prognosis performance
metrics
Performance/operational sensors, 68, 70-74
Phase measurement, 129
PHM, see Prognostics and health
management
Physical model-based methods, 227-235
for electrohydraulic flight actuator, 212
fatigue and crack propagation, 228-232
finite-element analysis, 232-235
Physics-based fatigue models, 289-293
Physics of failure mechanisms, 13
Piezoelectric accelerometers, 60—62



Pillowing, 231
Planetary carrier plate, 233-234
Planetary gear plate, 134—135, 299-302
Plate waves, 65
Plausibility of A (Dempster-Shafer theory),
198
PNN, see Polynomial neural-network
POFA (probability of a false alarm), 364
Polynomial neural-network (PNN), 203, 204
Power spectral density (PSD), 119
Pratt and Whitney, 37, 130
Precision (prognostic measures), 386-388
Prediction-to-failure times, 394
Predictors (ARMA), 296
Probabilities for diagnostic accuracy, 4
Probability-based prognosis techniques,
301-312
Bayesian probability theory, 303—-306
remaining useful life probability density
function, 309-312
Weibull model, 305-308
Probability density functions (PDFs), 302—
303
Bayes’ theorem, 303, 304
conditional, 304, 305
marginal, 304, 305
remaining useful life, 309-312
in statistical detection, 375-379
Probability of a false alarm (POFA), 364
Probing signal input, 221
Process noise, 214
Product support. See also Logistics
architecture, 401, 402
with CMB, 405-408
use of term, 400
without CBM, 404-405
Prognosis, use of term, 285. See also Fault
prognosis
Prognosis algorithms, 288, 289
Prognosis performance metrics, 35, 385-395
accuracy, 386, 387
confidence, 388-393
precision, 386388
prediction-to-failure times, 394
sensitivity, 394
similarity, 393, 395
timeliness of predicted time to failure,
388, 389
Prognostic Enhancements to Diagnostic
Systems (PEDS) Program, 37-40
Prognostic methods, xix—xx
Prognostics and health management (PHM),
xv. See also Condition-based
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maintenance/prognostics and health
management
benefits of, xviii—xix
defined, 13
functional capabilities, xx
interfaces of, xviii
overall accuracy of system, 6
prognostic aspect of, xvi, Xix
PSD (power spectral density), 119
Pugh concept evaluation matrix, 17, 18

QDG (quantified directed graph), 80

QDM (quantified directed model), 78—79
QFD (quality function deployment), 16—-19
Q-learning, 330-333

Qualitative simulation methods, 242
Quality function deployment (QFD), 16-19
Quantified directed graph (QDG), 80
Quantified directed model (QDM), 78-79

Radar systems, 269, 270
Radio-frequency identification (RF-ID)
devices, 82, 83
Rayleigh waves, 65, 66
RCM, see Reliability-centered maintenance
RDMS, see Relational database management
system
Real-time image feature extraction/
classification, 146—150
Receiver operating characteristic (ROC),
364-368
Recurrent neural networks, see Dynamic
wavelet neural networks
Recursive least-squares (RLS) parameter
identification, 218-224
algorithm, 220-221
with exponential data weighting, 221-224
Recursive segmentation and classification,
149-150
Regression matrix, 220
Regression vector, 295
Reinforcement learning, 317-318, 330-333
Relational database management system
(RDMS), 164, 165, 247
Reliability-centered maintenance (RCM), 14,
404-405
Remaining useful life (RUL), xxi
for enterprise requirements planning
systems, 407
estimating, 176
model-based approaches, 290
in PHM, 13
time window for, xix
tools for, xxi—xxii
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Remaining useful life (RUL) (continued)
Weibull model, 305-308

Remaining useful life probability density
function (RUL PDF), 309-312

Residuals (innovation), 179

Resistance, converting changes in, 99

Resistance temperature detectors (RTDs),
70-71

RF-ID devices, see Radio-frequency
identification devices

Riccati equation, 220

RITA HUMS Technology project (Boeing),
379-385

RLS parameter identification, see Recursive
least-squares parameter identification

ROC (receiver operating characteristic),
364-368

Rolling-element bearings, early fault
detection for, 337-339

RTDs (resistance temperature detectors),
70-71

RUL, see Remaining useful life

Rule-based systems, 193

RUL PDF (remaining useful life probability
density function), 309-312

Safety, xvi
Santa Fe Institute, 312, 313
SCADA (supervisory control and data
acquisition), 20
Scalograms, 123
SCD (statistical change detection), 258-260
SDG (signed directed graph), 80
SEE (spectral emitted energy), 128—129
Seeded-fault test, 137—-138
Semantic network (DCBR), 254-256
Sensitivity:
fault detection, 79
measures of, 395
Sensors and sensing, 56-91. See also Signal
processing
CBM/PHM, 59
decision-making and use interface, 88
definition of sensor, 59
electrical measurements, 74-76
fault detection and validation for, 57
fiberoptic sensors, 7677
hardware issues, 58
mechanical/structural sensor systems, 60—
68
performance/operational sensors, 68, 70—
74
placement of sensors, 77-80
smart sensors, 88—91

strategic issues with, 56
transducers, 58-59
transducing principles, 59-60
wireless sensor networks, 80—-88
Sensorland.com, 60
Sensor suites, 57
Separability, 360
Short time Fourier transform (STFT), 121,
122
Signal conditioning, 97-99
Signal preprocessing, 97-105
signal conditioning, 97-99
time synchronous averaging, 101-105
vibration signal compression, 100-101
Signal processing, 95-163
feature selection and extraction, 104—110
frequency-spectrum information, 114-121
fusion/integration technologies, 152—162
preprocessing, 97-104
real-time image feature extraction and
classification, 146—150
in time domain, 110-114
vibration monitoring and analysis, 128—
146
virtual sensor, 150-152
in wavelet domain, 121-128
Signal-to-noise ratio (SNR), 79, 80
enhancing, 99, 100
and low-pass filtering, 98
Signed directed graph (SDG), 80
Sikorsky Aircraft, 379
Similarity metrics, 107, 108, 256, 393, 395
Singleton (Dempster-Shafer theory), 197
Singularities, detecting, 125-126
Singularity-based feature extraction, 125
Skewness, 111-112
SLEEPMODE amplifiers, 99
Smart sensors, 88-91
Smoothed variable, 98
SMYV, 36, 37
SNR, see Signal-to-noise ratio
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