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Index

actuator delay, 111
adaptive control, 145
Agmon’s inequality, 20

backstepping, 9, 30, 47
backstepping transformation, 30, 54, 58,

65, 70, 83, 112, 125, 148, 154
Barbalat’s lemma, 149
beam models

Euler–Bernoulli, 89, 138
Rayleigh, 90
shear, 90
Timoshenko, 90

Bessel functions, 173
boundary conditions, 16
boundary control, 29
boundary damper, 80, 90
boundedness, 19, 149
Boussinesq equation, 118

Cauchy–Schwarz inequality, 17
certainty equivalence, 56, 145
closed-form solution, 35, 37, 41, 43, 47,

55, 59, 66, 86, 110, 113
collocated sensor/actuator, 57, 81
compensator transfer function, 60, 74

damping
boundary, 80, 90
Kelvin–Voigt, 80, 85, 137
viscous, 80

delay equation, 109
Dirichlet boundary condition, 16

eigenfunctions, 25
eigenvalues, 25, 82, 85, 97
equation

delay, 109
Ginzburg–Landau, 68
partial integrodifferential, 46, 92,

93, 109
reaction-advection-diffusion, 42, 44
reaction-diffusion, 30, 38, 133
Schrödinger, 65
wave, 79, 91, 136

estimation error, 152
Euler–Bernoulli beam, 89, 95, 138

feedback linearization, 163
Fourier transform, 121

gain kernel PDE (partial differential
equation), 32, 40, 43, 44, 46,
55, 59, 66, 70, 92, 110, 113,
117, 125, 166

gauge transformation, 44
Ginzburg–Landau equation, 68

H1 stability, 21
heat equation, 16
hyperbolic PDEs, 79, 109, 138

inequality
Agmon, 20
Cauchy–Schwarz, 17
Poincáre, 17
Young’s, 17

inverse transformation, 36, 56
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Kelvin functions, 66
Kelvin–Voigt damping, 80, 85, 137
Korteweg–de Vries equation, 115
Kuramoto–Sivashinsky equation, 115

L2 stability, 18
Laplace transform, 60, 91, 110
Lyapunov function, 16, 48, 56, 71, 81,

83, 147, 152, 154
Lyapunov stability, 16

motion planning, 131

Neumann boundary condition, 16, 41
nonlinear control, 161
norms, 14

observer, 53, 57, 73
Orr–Sommerfeld equation, 122
output feedback, 56, 73, 85, 151

parabolic PDEs, 29, 79
partial differential equations (PDEs)

first-order hyperbolic, 105, 135
hyperbolic, 79
parabolic, 29, 79

partial integrodifferential equation, 46,
92, 93, 109

passive absorber, 80
passive identifiers, 145, 147
Poincaré’s inequality, 17
Poiseuille flow, 119
prediction error, 152

Rayleigh beam, 90
reaction-advection-diffusion equation,

42, 44
reaction-diffusion equation, 30, 38, 133

regulation, 150, 156
Robin boundary condition, 16, 44, 83

Schrödinger equation, 65
separation of variables, 23
shear beam, 90
Smith predictor, 113
Squire equation, 122
string equation, 83
successive approximations, method of,

34
swapping identifiers, 145, 152

target system, 30, 38, 44, 70, 83, 85, 97,
109, 117, 125, 148, 154

Timoshenko beam, 90
trajectory generation, 132
trajectory tracking, 139
transformation

backstepping/Volterra, 30
gauge, 44
inverse, 36

update law, 147, 152

viscous damping, 80
Volterra series, 165, 167
vortex shedding, 68

wave equation, 79, 91
eigenvalues, 82, 85
Lyapunov, 81, 83
motion planning, 136
output-feedback, 85
undamped, 80
with Kelvin–Voigt damping, 85,

137
wavenumbers, 121

Young’s inequality, 17
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