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A Perspective on State-Space Design
Chapter Overview
7.1 Advantages of State-Space
7.2 System Description in State-Space
7.3 Block Diagrams and State-Space
7.4 Analysis of the State Equations
o 7.4.1 Block Diagrams and Canonical Forms
o 7.4.2 Dynamic Response from the State Equations
7.5 Control-Law Design for Full-State Feedback
o 7.5.1 Finding the Control Law
o 7.5.2 Introducing the Reference Input with Full-State Feedback
7.6 Selection of Pole Locations for Good Design
o 7.6.1 Dominant Second-Order Poles
o 7.6.2 Symmetric Root Locus (SRL)

7.7 Estimator Design

7.7.1 Full-Order Estimators
7.7.2 Reduced-Order Estimators
7.7.3 Estimator Pole Selection

7.8 Compensator Design: Combined Control Law and Estimator

7.9 Introduction of the Reference Input with the Estimator

7.9.1 General Structure for the Reference Input
7.9.2 Selecting the Gain

7.10 Integral Control and Robust Tracking

7.10.1 Integral Control

7.10.2 Robust Tracking Control: The Error-Space Approach
7.10.3 Model-Following Design

7.10.4 The Extended Estimator

7.11 Loop Transfer Recovery

7.12 Direct Design with Rational Transfer Functio

7.13 Design for Systems with Pure Time Delay

7.14 Solution of State Equations (W)

7.14.1 Solution of State Equations Video

7.15 Historical Perspective
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Summary

Review Questions

True False Questions

Problems

Chapter 8 Control System Design: Principles and Case Studies

o A Perspective on Design Principles
e Chapter Overview
e 8.1 An Outline of Control Systems Design
e 8.2 Design of a Satellite’s Attitude Control
o 8.3 Lateral and Longitudinal Control of a Boeing
o 8.3.1 Yaw Damper
o 8.3.2 Altitude-Hold Autopilot
o 8.4 Control of the Fuel-Air Ratio in an Automotive Engine
o 8.5 Control of a Quadrotor Drone
o 8.5.1 Hexacopter Example Video
e 8.6 Control of RTP Systems in Semiconductor Wafer Manufacturing
o 8.7 Chemotaxis, or How E. Coli Swims from Trouble
« 8.8 Design of an Autonomous Steering System for a Research Vehicle

o 8.9 Historical Perspective
e Summary

e Review Questions

e True False Questions

o Problems

Chapter 9 Digital Control

e A Perspective on Digital Control
e Chapter Overview
« 9.1 Digitization
e 9.2 Dynamic Analysis of Discrete Systems
o 9.2.1 z-Transform
9.2.2 Discrete Transfer Function of a Sampled Data System
9.2.3 z-Transform Inversion
9.2.4 Relationship Between s and z
9.2.5 Final Value Theorem

o O O O

e 9.3 Design Using Discrete Equivalents

e 9.3.1 Tustin’s Method
e 9.3.2 Zero-Order Hold (ZOH) Method
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9.3.3 Matched Pole—Zero (MPZ) Method

9.3.4 Modified Matched Pole—Zero (MMPZ) Method

9.3.5 Comparison of Digital Approximation Methods

9.3.6 Applicability Limits of the Discrete Equivalent Design Method
9.3.7 Equivalent Comparison Video

9.4 Hardware Characteristics

9.4.1 Analog-to-Digital (A/D) Converters
9.4.2 Digital-to-Analog Converters

9.4.3 Anti-Alias Prefilters

9.4.4 The Computer

9.5 Sample-Rate Selection

9.5.1 Tracking Effectiveness
9.5.2 Disturbance Rejection

9.5.3 Effect of Anti-Alias Prefilter
9.5.4 Asynchronous Sampling

9.6 Discrete Design

9.6.1 Analysis Tools

9.6.2 Feedback Properties

9.6.3 Discrete Design Example
9.6.4 Discrete Analysis of Designs

9.7 Discrete State-Space Design Methods (W)

9.8 Historical Perspective

Summary
Review Questions

True -False Quiz
Problems

Chapter 10 Nonlinear Systems

A Perspective on Nonlinear Systems

Chapter Overview

10.1 Introduction and Motivation: Why Study Nonlinear Systems?
10.2 Analysis by Linearization

10.2.1 Linearization by Small-Signal Analysis

10.2.2 Linearization by Nonlinear Feedback

10.2.3 Linearization by Inverse Nonlinearity

10.2.4 Linearization Example Video

o O O O
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