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advanced level control, 172, 173
advanced process control, 3, 5, 11
affine, 410

algebraic Riccati equation, 222, 275, 279
amplitude ratio, 159, 392, 393, 401, 408
analogue-to-digital, 13, 143

angle criterion, 376, 382

angle of departure, 376

ANN, 125, 318, 324, 326, 327, 328
ARIMAX, 235, 236, 241, 284

ARMAX, 235, 236

artificial neural net, 125, 298

ARX model (AutoRegressive eXogenous), 235
auto-correlation, 199

automata, 126, 127, 341, 345, 346, 365

b

back propagation, 125

— training, 324

backwards shift operator, 104

bang-bang, 162, 169

barrier functions, 311

base layer, 3

Bezout equation, 262, 265

black box modeling, 117

Bode plots, 159, 393, 394, 395, 396, 401

boiler drum level control, 193

branch and bound (BB) method, 341, 357, 358, 418, 429,
430, 431, 432, 441, 442, 444

break-out, 375, 376

4

calibration, 19

cascade, 163

cause-and-effect matrix (CEM), 181, 183
centre of gravity, 375, 381

characteristic equation, 93, 107, 370
characteristic loci, 259, 260

clipping, 170
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closedloop, 174

— characteristic equation, 372, 374, 375, 376

— instability, 260, 261, 399

complementary case, 381

complementary sensitivity, 407

composition measurement, 29

conditional stability, 392, 398

conjugate gradient method, 427

conjunctive normal form, 353

controllability, 184

controllable system, 267, 270

controllers, 42

— tuning, 159, 160, 321

control loop, 3,5, 21, 22, 40, 42, 46, 51, 95, 147, 148, 155,
171, 174, 191, 193, 199, 205

control of a calculated variable, 165

control quality criteria, 403

control sensitivity, 407

control valve hysteresis, 39

control-valves, 31

— hysteresis, 39

control variable parameterisation (CVP), 307

cross-correlation, 199

cross-over frequency, 159, 257, 392, 393

cutting plane, 420

CV and KV, 36

d

DAE, 57, 75, 305, 306, 309, 310, 312, 364

Dahlin algorithm, 253

damping factor, 90, 93, 95, 349, 373, 404

damping ratio, 376, 385

data reconciliation, 208, 209, 211, 409, 450

DCS, 9, 43, 367

deadband control, 162

dead-beat, 1

dead time, 1,6,7,60,80,81,99,121, 158,200, 205,206,207,
208, 226, 243, 247, 248, 251, 253, 254, 265, 281, 301, 320,
321, 322, 323, 330, 370, 374, 381, 383, 386, 388

decay ratio, 404

Applied Process Control: Essential Methods, First Edition. Michael Mulholland.
© 2016 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2016 by Wiley-VCH Verlag GmbH & Co. KGaA.



458 Index

decentralised control, 358

defuzzification, 133

derivative action, 153

differential and algebraic equations, 57, 243, 306

— logical equations, 57

differential pressure, 14, 17, 21, 22

digital-to-analog, 13

Diophantine equation, 262, 285

discrete Fourier transform (DFT), 202

discrete Kalman filter, 213

distributed, 6

distributed control system, 12

disturbance (load) rejection, 368

downhill simplex method, 422

DP, 14

dynamic matrix control (DMC), 97, 117, 120, 291,
300

dynamic programming, 273, 275, 307, 312, 316, 318, 350,
364, 365, 366, 409, 411

e

eigenvalues, 93

EKF, 225

equation error model, 235

Euler integration, 57, 58, 60, 63, 113, 114, 115,
116, 174

evolutionary algorithms, 338, 437

evolutionary programming, 435

evolutionary strategy (ES), 337, 434, 436

explicit forms, 114

external reset, 155

f

fathomed, 419

fault tree, 47

feasible region, 410

feedback, 1

feedforward, 2

— control, 160

— network, 324

final value theorem, 177, 373

finite impulse response, 104, 249

FIR, 104, 247

floating pressure control, 171

flow measurement, 17

forgetting factor, 239

forward iterative dynamic programming (FIDP), 316

forwards-shift operator, 104

Fourier transform, 202

frequency-response, 159, 386

frequency spectrum, 160, 202, 246

furnace cross-limiting control, 196

furnace full metering control with oxygen trim
control, 195

fuzzy dynamic model, 133

fuzzy logic, 132, 135, 328, 329
fuzzy relational model (FRM), 330, 334, 366

g

gain-scheduling, 163, 323

GAMS® optimisation environment, 444
general algebraic modelling system, 444
genetic algorithms, 435

Global optimisation by branch and bound, 429
global optimum, 411

golden section, 423, 424

gross error detection, 452

h

high pass filter, 144

high selector (HS), 168

hybrid systems, 129, 341, 342, 345, 350, 352, 365, 366, 409

i

IAE (integral of absolute error), 404
identification by least-squares fitting, 227-229
implicit forms, 115

impulse-modulated, 98

impulse response, 104, 200, 246, 247, 248, 249, 303
— coefficients, 246

inherent characteristic, 35, 37

installed characteristic, 35

instrument reliability, 45

integer programming (IP), 411, 418

integral action, 153

integrated error, 404

integrating system, 118, 177, 300, 304

interior point method, 311

interlocks, 44, 45, 170

internal model control (IMC), 199, 200, 279, 323
inverse Nyquist array (INA), 256

inverse response, 7, 194, 195

1/p, 31

ISE (integral of squared error), 404

iterative dynamic programming (IDP), 312, 316, 318

k

Kalman-Bucy filter, 213, 220, 222, 245, 278

Kalman filter, 142, 186, 209, 213, 215, 216, 217, 218, 220,
221,222,224, 225,229, 238, 239, 245, 271, 275, 276, 278,
301, 362, 363, 452

1

ladder diagrams, 45

Laplace transform, 79

largest modulus, 260, 261

latching, 44, 130, 170

least-squares fit, 228, 452

level measurement, 22, 24

linear dynamic matrix control (LDMC), 296



linearisation, 73

linear programming, 296, 297, 306, 308, 364, 365, 409,
411, 412, 418, 429, 432, 441, 452

linear quadratic regulator (LQR), 222

linearity, 69

load disturbance suppression, 255, 256

local optimum, 411

low pass filter, 144

low selector (LS), 168

Luenberger observer, 212, 270, 271

lumped, 6

m

magnitude criterion, 376, 382

matrix exponential, 84, 109

maximum principle, 307

minimal prototype controllers, 251

minimum phase, 280

mixed integer dynamic optimisation (MIDO), 357

mixed integer linear programming (MILP), 411,
419, 441

mixed integer nonlinear programming (MINLP), 411

mixed integer programming (MIP), 418, 444, 453

mixed integer quadratic programming (MIQP), 410

modal control, 266, 267

modelling, 53

model predictive control, 117,283,295,298, 318, 337, 365,
366, 367, 409

Monte-carlo, 429

Morari resiliency index, 188

move suppression, 295, 301, 335

moving window, 202

MPC using evolutionary strategy, 336

MRI, 188, 189

multi-objective, 436, 437

multiple shooting, 309, 364

mutation, 340, 435

n

negative feedback, 375, 376, 380

Newton method, 421

Nichols chart, 401

nominal stability, 406

non-convex, 410

non-dominated sorting, 437

non-linear and adaptive controllers, 162

non-linear programming, 411, 429

non-parametric identification, 246

NSGA, 437

NSGA-II (fast non-dominated sorting genetic
algorithm II), 436

numerical solution, 113

Nyquist contour, 260, 261, 396, 397, 398

Nyquist plot, 257, 258, 260, 396, 397, 399,
401, 405
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[

objective function, 409

observability, 184

ODE, 68

offset, 404

openloop, 148

— stability, 95, 111

— transfer function, 148, 256, 368, 375, 385, 391,
396, 398

ordinary differential equations, 67

orifice plate, 18, 19

outer approximation method (OA), 443

output error form, 236

overrides, 168

overshoot, 403

p

Padé approximation, 84, 110, 370, 381

Pareto front., 434, 437, 438

Pareto optimal, 436

partial fraction expansion, 82

Petri-nets, 126, 129, 131, 342

phase angle, 387

phase lag, 22, 153, 387, 392

phase lead, 155

physically-realisable, 81, 153, 369

P/1, 14

PID, 9, 11, 43, 153, 154, 155, 156, 158, 159, 160, 171, 174,
175, 195, 253, 256, 383, 436

piece-wise affine, 347, 351, 358

piping and instrumentation diagram, 9

plant control scheme, 180

PLC, 9, 42

pole placement, 261, 264, 267, 268, 270, 272,
321, 385

positive feedback, 381

power spectral density, 203

predictive control, 282, 295, 365, 455

pressure measurement, 25, 26, 46, 194

primal and dual problems, 411

principle components, 203, 204, 246

principle of optimality, 273, 274, 308

proportional action, 153

proportional controller (P), 150

proportional-integral controller (PI), 151

proportional-integral-derivative controller (PID),
153

proportional state feedback, 267, 268, 278, 384

q

quadratic dynamic matrix control, 298
quadratic optimum, 296

quadratic programming, 298, 308, 410
quality of control, 367

quality predictors, 207
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r

random variables, 136

ratio control, 161, 164, 195

reaction curve, 158, 174

real time optimisation (RTO), 367, 449
RECOMBINATION, 340, 435
recombination (crossover), 437
recursive least squares (RLS), 230

— dynamic matrix, identification of, 247
recursive state estimation, 211
regulator-control, 369

relative gain array (Bristol Array) (RGA), 191, 192, 193
relaxed solution, 411

relays, 44

Ricatti equation, 216

— differential equation, 221, 222

rise time, 403

robust control, 404

robust stability, 404

root locus, 374, 377

s

sampled-data systems, 97
SCADA, 9, 43, 143, 367
sensitivity, 407

series compensator, 155
servo-control, 369

setpoint tracking, 251, 255
settling time, 404

signal conversion, 13

signal filtering/conditioning, 143
signal-smoothing, 143

simulated annealing, 432
single-exponential filter, 143
SISO controllers, 147

Slack variables, 411

slave controller, 163

slip-stick friction, 40

small gain theorem, 407

Smith predictor, 205, 206, 207, 321, 366
split-range control, 165

stability, 367

stable, 6

standard controllable form, 268
state and parameter observation, 243
state space MIMO controller, 266

state transition matrix, 84, 105

state variables, 55

steady-state gain, 188, 189, 192, 264, 276, 281,
373, 374

steady-state offset, 240

steepest descent method, 425

step-response controller tuning, 158

step-response models, 117

system order, 67

system response, 77

t

temperature measurement, 13, 26, 27, 28, 30, 46, 166
thermocouple, 26

three-element control of boiler steam drum level, 194
time-slice, 145

tokens, 129

transistions, 129

transport lag, 60

— dead time, 243

trial and error, 160, 411, 434

trips, 44, 45, 170, 180

Tustin, 110, 152, 154, 385

two degrees of freedom controller, 255, 261, 264

u
ultimate gain, 159

ultimate period, 159

unconstrained quadratic optimum, 295
unity feedback, 149

unstable, 6

v

valve characteristics, 35
valve position control, 171
variable dead-time, 321
Venturi meter, 17

voting system, 145, 146, 168

w
windup, 155, 157, 169

z

zero-order hold, 102, 106
Ziegler and Nichols, 158, 159
z-transform, 97, 98, 102, 117
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