
CONTENTS

1 Introduction l

PARTI. MATHEMATICAL THEORY

2 Some basic results in the theory of partial
differential equations 5

2.1 Classification of partial differential equations 5

2.2 Classical solutions and their generalization 7

2.3 Basic variational inequality 8

2.4 Distributional approach to partial differential equations 14
2.4.1 Elliptic partial differential equations 14
2.4.2 Parabolic partial differential equations 17
2.4.3 Hyperbolic partial differential equations 24

2.5 Evolution operators 32

Appendices to Chapter 2 35
A.2.1 Bellman-Gronwall inequality 35
A.2.2 Sobolev spaces 36
A.2.3 Concept of trace 37
A.2.4 Green’s formula 40

Problems 42
References 45

3 Stochastic partial differential equations 46

3.1 Radon measures 46
3.1.1 Definition of Radon measures 46
3.1.2 Definition of random linear functionals 48
3.1.3 Expectation and covariance operators 49
3.1.4 Examples of random variables 50
3.1.5 Image of an affine continuous mapping 51

3.2 Cylindrical probability 52
3.2.1 Definition of cylindrical probability 53
3.2.2 Random linear functions and cylindrical probability 54

3.3 Gaussian cylindrical probability 55
3.3.1 Definition of Gaussian cylindrical probability 55
3.3.2 Nuclear and Hilbert-Schmidt operators 56
3.3.3 The Gaussian probability law 60

3.4 Conditional expectation 64

3.5 Stochastic processes 67
3.5.1 Stochastic processes in finite-dimensional spaces 67
3.5.2 Stochastic processes in Hilbert space 68



68
73

78

78

87

94

94

97

99
102

104

104

104

105

106

108
110
111

111
112
115

116

117

124
125

128

129

132

132

135

138

142

146

148

150

152

152

155

157

162

164

CONTENTS

3.6 Hilbert-space-valued Wiener processes

3.7 Hilbert-space-valued stochastic integral

3.8 Stochastic evolution equations
3.8.1 Existence and uniqueness
3.8.2 Strong convergence of discrete approximation

3.9 Energy equality
3.9.1 Proof for a particular case
3.9.2 Proof for the general case

Problems

References

Optimal control of deterministic distributed
parameter systems

4.1 Elliptic systems
4.1.1 Definition of the optimal control problem
4.1.2 Existence and uniqueness of the optimal control
4.1.3 Basic inequalities governing the optimal control
4.1.4 The Dirichlet problem
4.1.5 The Neumann problem

4.2 Parabolic systems
4.2.1 Definition of the optimal control problem
4.2.2 Basic inequalities governing the optimal control
4.2.3 The Dirichlet problem
4.2.4 The Neumann problem
4.2.5 Decoupling
4.2.6 Riccati equation
4.2.7 Hamilton-Jacobi equation
4.2.8 Integro-differential equation of Riccati type
4.2.9 Pointwise observation and control

4.3 Hyperbolic systems
4.3.1 Definition of the optimal control problem
4.3.2 Transposition and applications to control
4.3.3 An optimal control problem
4.3.4 Decoupling
4.3.5 Integro-differential equation of Riccati type

Problems

References

Controllability and observability

5.1 Controllability

5.2 Observability

5.3 Another definition of observability
Problems

References



CONTENTS IX

6 Linear estimation theory 165
6.1 Finite-dimensional estimation theory 165
6.2 Estimation for random linear functionals 167

6.2.1 Hypotheses 167
6.2.2 Equation for the optimal estimate 170

6.3 Estimation for random variables 174
6.3.1 Hypotheses 174
6.3.2 Linear estimation 176
6.3.3 Gaussian case 178

6.4 Least-squares estimation 181
Problems 184
References 185

7 Optimal filter for distributed parameter systems 186
7.1 The filtering problem 186

7.1.1 Hypotheses 186
7.1.2 Expectation and covariance operators 187
7.1.3 Regularity property 192

7.2 Wiener filter 194
7.3 Kalman-Bucy filter 197
7.4 Recursive formula for the optimal filter 212

7.4.1 A subclass of recursive filters 212
7.4.2 Relation between the Wiener and Kalman-Bucy filters 221
7.4.3 An example 227

7.5 Innovation theory 228
7.6 Duality between estimation and control 231
7.7 Optimal filter for hyperbolic systems 233
Problems 244
References 246

8 Stochastic optimal control of distributed
parameter systems 247

8.1 Formulation of the model 247
8.2 The stochastic optimal control problem 249

8.2.1 Problem definition 249
8.2.2 Set of admissible controls 250
8.2.3 Feedback control 256
8.2.4 The cost function 260

8.3 Necessary and sufficient conditions for optimality 261
8.3.1 Variational inequality 261
8.3.2 Stochastic maximum principle 262



X CONTENTS

8.4 The separation principle 264

8.5 An example 268

Problems 271

References 273

9 Identification of distributed parameter systems 274

9.1 The basic concept of system identification 274

9.2 Identifiability 275

9.3 Modal approximation for identification 280

9.3.1 Formulation of the problem 280

9.3.2 Modal approximations 282

9.3.3 Approximation of the identification problem 287

9.4 Regularization 288
9.4.1 Problem definition 290

9.4.2 Identification by regularization 292
9.4.3 Identification from distributed observation 297

9.4.4 Identification from pointwise observation 299

Problems 301

References 303

PART II. ENGINEERING APPLICATIONS

10 Formal approach to optimal filtering and control
of distributed parameter systems 307

10.1 System description 307

10.2 Wiener-Hopf theorem 309

10.3 The optimal predictor 313

10.4 The optimal filter 315

10.5 The optimal smoothing estimator 320

10.6 Various approaches to linear estimation problems 332

10.6.1 Least squares approach 333

10.6.2 Maximum likelihood approach 335

10.6.3 Innovation approach 336

10.6.4 Bayesian approach 339

10.7 Stochastic optimal control problems 342

10.8 Optimal temperature control examples 346
Problems 350

References 352

11 Optimal sensor and actuator location problems
354

11.1 Optimal sensor location problems 354
11.1.1 Problem statement 354



CONTENTS XI

11.1.2 Existence of optimal sensor location 355
11.1.3 Necessary and sufficient conditions 358
11.1.4 Finite-dimensional approximation 368
11.1.5 Numerical examples 370

11.2 Optimal actuator locations 372
11.2.1 Problem statement 372
11.2.2 Existence, necessary, and sufficient conditions 375
11.2.3 Finite-dimensional approximation 383
11.2.4 Numerical examples 385

References 393

12 Computational techniques for identification of
distributed parameter systems 394

12.1 Stochastic approximation 394
12.1.1 Space-time discretization 396
12.1.2 Stochastic approximation algorithm 399
12.1.3 Numerical example 401

12.2 Least squares identification 403
12.2.1 The Galerkin finite-element model 405
12.2.2 Least squares identification 408
12.2.3 Numerical example 411

12.3 Discrete regularization 413
12.3.1 Discrete minimization 413
12.3.2 Convergent approximation of the Sobolev spaces 416
12.3.3 Numerical examples 419

References 426

Index 429


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]


