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Return diffmcnce matrix, 45,186 

asymptotic, 423 



Riccati countion, 217 
algebraic, 221,238,243,322-325 
derivation of the, 216-219 
discrete-time equivalent of the, 494 
existence of the solution of the, 219 
negative exponential solution of the, 325 
numericd solution of the, 248-253 

by diagonkation, 250-251 
by direct integration, 248-249 
by the Kalmnn-Englar method, 249 
bv the Newton-Rnvhson method. 251- 

253 
observer, 343-345,365-367,375-376 
solutions of the algebraic, 322-325 
steady-state solution of the, 221,231- 

232 
time-invnriant, 237-238 

Root loci, 51-53 
of optimal observer poles, 368-370 
of optimal regulntor pales, 281-289 

discrete-time case, 511,514-515,549 
Root-square locus, 283 
Routh-Hurwitz criterion, 28 

Sampler, 444 
Sampling, instant, 447 

period, 447 
rate, 447 

Satellite, revolving, 113-114 
Savings bank account, 443 
Sensitivity, of control systems to, dis- 

turbances, 167-172,184-186,188 
varameter vmhtions, 178-181, 

187-188 
of o~ t imal  output feedback control 

systems, 419-424 
of optimal state feedback control 

systems, 312-317 
discrete-time case, 520-521 

Sensitivity function, 169,181 
of a discrete-time control system, 487 
a property of the, 440-441 

Sensitivity matrix, 185 
nsymptotic, 423 
of a discrete-time control system, 487 

Sensor, 119 
Separation principle, 361,390 

proof of the, 400-402 
Series connection. 43 
Set paint, 123, 141, 270 

nonzero, in output feedback control 
systems, 409-413,417 

discrete-time case, 543-544 
in state feedback regulators, 270-275 

discrete-time case, 504-506 
Settling time, 141,165 
n bound for the, 166 

discrete-time case, 483 
Simulation of linear systems, 13-14 
Smoothing problem, optimal, 361 
Souriau's method, 34 
Stability, 24-32 

asymptotic,25,26,28 
of discrete-time systems, 454 
in the large, 25,26,28 

of discrete-time systems, 454 
of discrete-time systems, 454-455 
exponentid, 26.28 

of discrete-time systems, 454-455 
of interconnections of systems, 46 
of linear systems, 25-26 
of a matrix, 28 
,f nonlinear systems, investigation of the, 

31-32 
in the sense of Lynpunov, 24,26,28 

of discrete-time systems, 454 
of solutions, 24-25 
of time-invariant linen1 systems, 27-29 

Stubiliznbility, 62.62-64 
of discrete-time systems, 462 
of the pair (A. B) ,  63 

State augmentation technique, 43-44 
State difference equation, 443 

solution of the, 452-453 
Stnte differential eouation. 2 

linearized, 3 
solution of the, for linear systems, 11-23 

by Laplace &nsformatiin, 33-35 
State excitation noise, 339 
State feedback, 193-327 

of discrete-time systems, 488-522 
optimal, see Regulator problem 
stability improvement by, 193-201 

of discrete-time systems, 488-489 
State recousttuction, 328-376 

for discrete-time systems, 522-536 
optimal,see observer pr&lem 
problem formulation for discrete-time, 
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Stnte trnnsformation, 10-11,115,116, 
117 

Stnte variable, 2 
augmented, 43 
shifted, 270 

Step response mntrix, 13 
Stendy-state unnlysis of control systems, 

see Trucking properties 
Stcady-state equivalent control scheme, 

open-loop, 183,183-188 
Stendy-state pedod, 141 
Stendy-stnte response, to n constant input, 

.iR . . 
of dismete-time systems, 458 

t o  a harmonic input, 37 
of discrete-time systems, 457 

Steady-stute solution of regulator problems, 
see Regulator problem 

S h e d  in&, n decoupled control system 
for the, 190-191 

unalysis ofthe steady-state trucking 
properties of the controlled, 158- 
165 

computation of, a quadratic integral 
criterionfor the, 111-113 

the meun souil~c concentrntion varin- 
tion in the, 96 

controllabilit~ ofthe. 54-55.61-62 
damping eff& ofthe, 117 
description of the, 7-10 
discrete-time version ofthe, M optimal 

observer for the, 531-533 
ns n regulntor problem, 500-501 
ns a stochnstic ~egulator problem, 503- 

504 
description of the, 449 
with disturbances, 473-475 

frequency response m a t h  of the, 38-39 
impulse msponse matrix of the, 14 
modeling of the stochastic disturbances 

of the, 107-108 
nonzero set point regulntion of the, 275- 

276 
pole cantigu~ation of the optimal 

regulntor for the, 290-291 
proportional feedback control of the, 

49-50 
a regulator system for the, 124-127 
solution of the stoehostic re~ulntor 

problem for the, 2 6 ~ ~ 2 6 6  
stability improvement of the, 196 

stnbility of the, 27,29 
stnbiliznbility of the, 64 
steady-Stutc solution of the regulntor 

problem for the, 227-230 
step lesponse matrix of the, 15 
with stochastic disturbnnces, 93-94 
os a stochastic regulntor problem, 256- 

257 
trnnsfer mntrix of the, 36-37 
zeroes of the, 42 

S h e d  tonk with time delay, deadbeat 
control of the, 517-520 

description of the, 449-452 
Stochastic processes, 85-96 

covnriance mntrix of, 86 
discrete-time, 468 

discrete-time, 467-469 
Gaussian, 87-88 
Gnussim discrete-time, 467 
independence of, 87 
mean of, 86 

discrete-time, 468 
modeling of, 106 
power spectral density function of, 90 
power spectral density matrix of, 90, 

90-91 
discrete-lime, 468-469 

reulizntions of, 85 
response of linear systems to, 91-93 

discrete-time case, 469 
second-order joint moment matrix of, 86 

discrete-time, 468 
second-order moment matrix of, 86 

discrete-time, 468 
stationarity of, 85 

discrete-time, 467 
unconelntedness of, 87 
variance matrix of, 86 

discrete-time, 468 
wide-sense stntionnrity of, 87 

discrete-time, 468 
with unconelated increments, 88-90, 

99-100 
Subspace, controllable,57,57-61,116 

ofdiscrete-time systems, 461 
invariance of a, 58 
reconstructible, 75 
stable, 30 

of discrete-time systems, 455 
uncontrollable, 61 
umeconstructible, 70,70-75 



of discrete-time systems, 464 
unstable, 30 

of discrete-time systems, 455 
Suspended pendulum, stability of the, 27 
Systom equations, 2 

Terminal control, 127 
Terminal error, woighted square, 203 
Trace of a matrix, 95 
Tracking antenna, 119, 120,124 
Tracking error, 131 

computntion of the mean square, 131- 
132,150 

mean square, 131 
rms, 131 
steady-state mean square, 140-144,142 

T~acking problem, 121-123 
stochastic optimal, 257-258,263 

discrete-time case, 548-549 
optimul linear, with incomplete and 

noisy measurements, 402-405,403 
Tracking properties, stendy-state, of open- 

loop control systems, 184,188 
steady-state analysis of, 140-165 

discrete-time case, 478-482 
multiinput multioutput case, 155-158 
singlc-input singleoutput case, 144- 

I rn --- 
transient analysis of, 165-166 

discrete-time cnse, 482-483 
transient, of open-loop control systems, 

184,188 
Transfer function, 35 
Transfer matrix, 35 

closed-loop, of a time-invariant regulator, 
272 

Transform analysis, 33-53 
of discrete-time systems, 455-458 

Transient analysis of control systems, see 
T~ackining properties 

Transient period, 141 

Transition matrix, 11 
discrete-time cnse, 452 
of a timc-invariant system, 13-14 

Transmission, 142 
of a discrete-time control system, 479 
fxst-order, 146 
sccond-order, 146 

White noise, 97.97-100 
discrete-he, 470 
Gaussian, 100 
Gaussian discrete-he, 470 
inteeration N ~ S  for. 98 - 
intensity of, 97 
lincor differential system driven by, 97- 

113 
linear discrete-time systems driven by, 

470-472 
Wiener, 361 
Wiener process, 90 
Wiener-LLvy process, 90 

Zero, a system with a right-half plane, 
304-306,312 

Zeroes, canceUation of open-loop, 289,309 
effect on sensitivity of, right-holf plane, 

316-317 
output feedback control systems of 

right-half plnne, 424 
open-loop, 51 
outside the unit circle, 515 
right-half plane, 300,308-309 
of systems, 39-42,41 

discrete-time case, 457 
of transfer functions, 39 
of transfer matrices, 39-42 

Zero-order hold, 444 
z-transform, 455-456 
I-transfer matrix, 456 


