
PREFACE xiii

1 COMPUTER CONTROL 1

1.1 Introduction 1

1.2 Computer Technology 3

1.3 Computer-Control Theory 8

1.4 Inherently Sampled Systems 12

1.5 How Theory Developed 14
1.6 References 17

2 SAMPLING OF CONTINUOUS-TIME SIGNALS 20

2.1 Introduction 20

2.2 Description of the Sampling Mechanism 21

2.3 The Sampling Theorem 22
2.4 Reconstruction 24

2.5 Aliasing or Frequency Folding 25

2.6 Practical Aspects of the Choice of the Sampling Period 30

2.7 Summary 31
2.8 Problems 32

2.9 References 33

VII



COMPUTER-ORIENTED MATHEMATICAL MODELS:
DISCRETE-TIME SYSTEMS 34

3.1 Introduction 34
3.2 Sampling of a Continuous-Time, State-Space System 35
3.3 Transformation of State-Space Models 43
3.4 Input-Output Models 45
3.5 The Z-transform 52
3.6 Poles and Zeros 55
3.7 Selection of Sampling Rate 60
3.8 Problems 61
3.9 References 64

PROCESS-ORIENTED MODELS 66

4.1 Introduction 66
4.2 Computer-Controlled System 67
4.3 The Modulation Model 68
4.4 Frequency Response 73
4.5 Pulse-Transfer Function Formalism 79
4.6 Multirate Sampling 88
4.7 Problems 91
4.8 References 91

ANALYSIS OF DISCRETE-TIME SYSTEMS 93

5.1 Introduction 93
5.2 Stability 94
5.3 Controllability, Reachability, and Observability 104
5.4 Analysis of Simple Feedback Loops 110
5.5 Problems 117
5.6 References 119

DISTURBANCE MODELS 121

6.1 Introduction 121
6.2 Reduction of the Effects of Disturbances 122
6.3 The Classic Disturbance Models 125
6.4 Piecewise Deterministic Disturbances 127
6.5 Stochastic Models of Disturbances 130
6.6 Continuous-Time Stochastic Processes 146
6.7 Sampling a Stochastic Differential Equation 151
6.8 Conclusions 151
6.9 Problems 152
6.10 References 154



7 DESIGN: AN OVERVIEW 156

7.1 Introduction 156
7.2 Operational Aspects 158
7.3 Principles of Structuring 161
7.4 A Top-Down Approach 162
7.5 A Bottom-Up Approach 165
7.6 Design of Simple Loops 168
7.7 Conclusions 171
7.8 Problems 172
7.9 References 172

8 TRANSLATION OF ANALOG DESIGN 174

8.1 Introduction 174
8.2 Alternative Ways for Approximations 175
8.3 Digital PID-controllers 180
8.4 State-Feedback Redesign 189
8.5 Frequency-Response Design Methods 192
8.6 Conclusions 193
8.7 Problems 194
8.8 References 195

9 STATE-SPACE DESIGN METHODS 197

9.1 Introduction 197
9.2 Regulation Based on Pole Placement by State Feedback 198
9.3 Observers 207
9.4 Output Feedback 212
9.5 The Servo Problem 214
9.6 Conclusions 218
9.7 Problems 218
9.8 References 220

POLE-PLACEMENT DESIGN BASED
10 ON INPUT-OUTPUT MODELS 221

10.1 Introduction 221
10.2 Problem Formulation 222
10.3 Solution 224
10.4 An Algebraic Problem 227
10.5 A Design Procedure 229
10.6 Sensitivity to Modeling Errors 235
10.7 Relationships to Other Design Methods 237
10.8 Practical Aspects 240
10.9 A Design Example 244
10.10 Conclusions 251
10.11 Problems 251
10.12 References 253

Contents IX



11 OPTIMAL DESIGN METHODS: STATE-SPACE APPROACH 254

11.1 Introduction 254
11.2 Linear Quadratic Control 259
11.3 Prediction and Filtering Theory 268
11.4 Linear Quadratic Gaussian Control 273
11.5 Practical Aspects 275
11.6 Conclusions 277
11.7 Problems 277
11.8 References 280

12 OPTIMAL DESIGN METHODS: INPUT-OUTPUT APPROACH 282

12.1 Introduction 282
12.2 Problem Formulation 283
12.3 Optimal Prediction 287
12.4 Minimum-Variance Control 291
12.5 LQG Control 299
12.6 Practical Aspects 309
12.7 Conclusions 317
12.8 Problems 318
12.9 References 322

13 IDENTIFICATION 324

13.1 Introduction 324
13.2 Mathematical Model-Building 325
13.3 System Identification 326
13.4 The Principle of Least Squares 328
13.5 Recusive Computations 332
13.6 Examples 338
13.7 Summary 340
13.8 Problems 340
13.9 References 342

14 ADAPTIVE CONTROL 343

14.1 Introduction 343
14.2 Self-Tuning Control 344
14.3 Analysis 346
14.4 Other Approaches to Adaptive Control 351
14.5 Uses and Abuses of Adaptive Techniques 355
14.6 Conclusions 358
14.7 Problems 358
14.8 References 359

x



15 IMPLEMENTATION OF DIGITAL CONTROLLERS 361

15.1 Introduction 361
15.2 An Overview 362
15.3 Prefiltering and Computational Delay 364
15.4 Nonlinear Actuators 369
15.5 Operational Aspects 373
15.6 Numerics 378
15.7 Programming 388
15.8 Conclusions 394
15.9 Problems 394
15.10 References 398

A
EXAMPLES 400

B
MATRIX FUNCTIONS 405

C
SIMNON—AN INTERACTIVE SIMULATION PROGRAM 408

D
* PROOF OF THEOREM 10.1 421

INDEX 425

Contents xi


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


