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Flowchart of Signals and Systems _NTUEE-SS6-TimeFreq-4
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Fourier Series, Fourier Transform, Laplace Transform, z-Trans_f,erJgE_SSG_TimeFreq_5
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Outline of Textbook & Lectures Feng-Li Lian © 2020

= 1: Overview and Introduction

= 2: Dynamic Models @ Fm A 1mpi
= 3: Dynamic Response ® Sidic, Az % E s
= 4: Feedback Analysis @ i o\

= 5: Analysis & Design: Root Locus ® 37\ {endiit

= 6: Analysis & Design: Bode Plot ® i I Mk entF it

= 7. State-Space Design
= 8: Digital Control

= 9: Nonlinear Systems
= 10: Case Study
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Outline of Textbook & Lectures

= 1: Overview and Introduction

= 2: Dynamic Models

= 3: Dynamic Response

= 4: Feedback Analysis

= 5: Analysis & Design: Root Locus
= 6: Analysis & Design: Bode Plot
= 7. State-Space Design

= 8: Digital Control

= 9: Nonlinear Systems

= 10: Case Study
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Feng-Li Lian © 2020
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Outline of Textbook & Lectures Feng-Li Lian © 2020

= 1: An Overview and Brief History of Feedback Control
= 2: Dynamic Models
= 3: Dynamic Response

= 4: A First Analysis of Feedback

7> % E »l—i 2, Ll
= 2
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= 5: The Root-Locus Design Method

= 6: The Frequency-Response Design Method
= 7. State-Space Design

= 8: Digital Control

= 9: Nonlinear Systems
= 10: Control System Design:

Principles and Case Studies
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= Feedback Control of Dynamic Systems (Franklinl5)
* by Gene F. Franklin, J David Powell, Abbas Emami-Naeini, (7th Ed., 2015) FD’db"LkS(;““”
° Akt @ Pearson fEERS @ JBIBES

Modern Control Systems (Dorfl7) %
by Richard C. Dorf, Robert H. Bishop, (13th Ed., 2017) 7N ——
© L Pearson {REIR 1 EEEH o
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« &l : Website: Control Tutorials

Feedback Systems:

An Introduction for Scientists and Engineers (Astrom19
« by Karl J. Astrom and Richard M. Murray, (2nd Ed., 2019)
« Rkt @ fbsbook.org

= Feedback and Control for Everyone (Albertos10)SIFEE i
and co I'ltl'0| for for Scientists and Engineers
* by Pedro Albertos, Iven Mareels, (13th Ed., 2010) Eione

° I[:E[H}i?i : Sprl nger Pedro Albertos - Iven Mareels

&) Springer Karl Johan Astrém & Richard M. Murray



Syllabus

= | ecture Information:

Time: Fridays 2pm-5pm
Room: MD-231
Office Hours: by e-mail appointment

Website:
http://cc.ee.ntu.edu.tw/~fengli/
Teaching/ControlSystems/

= |nstructor:

i ¢ 4 (Feng-Li Lian)

& ;= 12 (Ming-Li Chiang)
Office: MD-717

Email: fengli@ntu.edu.tw
Phone: 02-3366-3606
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Feng-Li Lian © 2020

= Textbook & References:

 Feedback Control

of Dynamic Systems

* Modern Control Systems

e Control Tutorials

for MATLAB and Simulink

= Grading:
 Exam x 2:
e HW XN :
* Project x 1:

» Optional:

60%
20%
20%
20%
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Grading Feng-Li Lian © 2020
- (20%) : 6-8=
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Grading Feng-Li Lian © 2020
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Lectures and Exams Feng-Li Lian © 2020

— U111, Ul12 (Introduction)

= Midterm Exam

—UuU21, U22, ... (Dynamic Models)
—-U31, U32, ... (Dynamic Response)
—U41, U42, ... (Feedback Analysis)

= Final Exam

—U51, Usd2, ... (Root-Locus Design)
—uUo61, Ue2, ... (Frequency-Response Design)
* Project

—-U71,U72, ... (Case Study)



Plant, Input, Output, Action, Goal gLl Lian® 2020

1. Model

2. Response

3. Analysis
4. Feedback
Controller
5. Control
G+ AU 20 = s
&(s) Y(s) 3

R(s) =~ 24 4s+4 3
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Unit 1 - Introduction Feng-Li Lian © 2020

Unit 1
Introduction
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Unit 1 - Introduction Feng-Li Lian © 2020

= U11 Introduction to Feedback and Control

= U12 Introduction to Course

= U13 Overview and History

= U14 Example
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Unit 3 - Dynamic Response Feng-Li Lian © 2020

Unit 2
Dynamic Models
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Unit 2 - Dynamic Models Feng-Li Lian © 2020

= For the plant to be analyzed and controlled

— Dynamic Models

— Mathematical Models

= Methodology

— Based on Physics and By Differential Equations

— From Experimental Data (System Identification)

= Key Ingredients:
— Physics, Chemistry, Biology, Sociology, Economics, etc.
— Differential Equations (Equations of Motion, Dynamic Equations)
— Laplace Transforms, Fourier Transforms

— Transfer Function (From Input to Output)
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Unit 2 - Dynamic Models Feng-Li Lian © 2020

= Mechanical Systems
— U21: Translational Motion
— U22: Rotational Motion
— U23: Combined Rotation and Translation
— U24: Distributed Parameter Systems
= Electrical Circuits
— U25: Kirchhoff's Current Law (KCL)
— U25: Kirchhoff's Voltage Law (KVL)
— U25: Operational Amplifier
= Electromechanical Systems
— U26: Loudspeakers
— U26: Motors
— U26: Gears
= Heat and Fluid-Flow Models
— U27: Heat Flow
— U27: Incompressible Fluid Flow



Unit 3 - Dynamic Response

Unit 3
Dynamic Response
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Unit 3 - Dynamic Response Feng-Li Lian © 2020

= U31 Review of Laplace Transforms
— Laplace Transforms: From Differential Egns to Algebraic Egns
— Transfer Functions, Frequency Response, Poles and Zeros
— Step, Ramp, Impulse Functions
— Laplace Transforms and Inverse LT, The Final Value Theorem
— Using Laplace Transforms to Solve Differential Equations

= U32 System Modeling Diagrams: Model Visualization
= U33 Effect of Pole Locations

= U34 Time-Domain Specifications
— Rise Time
— Overshoot and Peak Time
— Settling Time
= U35 Effects of Zeros and Additional Poles

= U36 Stability
— Bounded Input—Bounded Output Stability
— Stability of LTI Systems
— Routh’s Stability Criterion



Unit 4 - Feedback Analysis

Unit 4
Feedback Analysis
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Unit 4 - Feedback Analysis Feng-Li Lian © 2020

= U41 The Basic Equations of Control
— Open-Loop and Closed-Loop Systems
— Stability, Tracking, Regulation, Sensitivity
= U42 Control of Steady-State Error to Polynomial Inputs:
System Type
— Control of Steady-State Error to Polynomial Inputs
— System Type for Tracking
— System Type for Regulation and Disturbance Rejection
= U43 PID Control
— PID Control (Proportional, Integral, Derivative)
- P, 1, D, PI, PD, PID
— Examples
= U44 Ziegler—Nichols Tuning
— Ziegler—Nichols Tuning of the PID Controller,
— Examples
= U45 Feedforward Control by Plant Model Inversion

— Feedforward Control by Plant Model Inversion
— Examples
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Unit 5 Root Locus Feng-Li Lian © 2020

Unit 5
Root Locus
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Unit 5 Root Locus Feng-Li Lian © 2020

= U51 Root Locus of a Basic Feedback System
— Root-Locus Method of Evans
= U52 Guidelines for Determining a Root Locus
— Formal Definition of Root Locus
— Rules for Determining a Positive (180-) Root Locus
— Selecting the Parameter Value
= U53 Selected lllustrative Root Loci
— PD, Lead Compensator
— Collocated vs Non-Collocated Flexibility, Complex Multiple Roots
= U54 Design Using Dynamic Compensation
— Lead Compensation, Lag Compensation, Notch Compensation
= U55 Design Examples Using the Root Locus
— Autopilot Design in the Smaller Airplane - Piper Dakota
= U55 Design Examples Using the Root Locus
— Autopilot Design in the Smaller Airplane - Piper Dakota
= U55 Extensions of the Root-Locus Method

— Rules for Plotting a Negative (0<) Root Locus
— Consideration of Two Parameters
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Unit 6 Bode Plot Feng-Li Lian © 2020

Unit 6
Bode Plot



Unit 6 Bode Plot gL Lian® 2026
= UBGA Freguency Response
— System Response and Frequency Response

= U6B Bode Plot Techniques
— Bode Form of the Transfer Function

= U6C Nonminimun-Phase & Steady-State Errors

= U6D Neutral Stability

= UGE Nyquist Stability Criterion

= UGF Stability Margins

= U6G Bode’s Gain—Phase Relationship

= U6H Closed-Loop Freguency Response

= U6l PD Compensation and Lead Compensation

= U6J PI Compensation and Lag Compensation

= U6K PID Compensation

= U6L Compensation Characteristics & Design Considerations
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Unit 7 Case Study Feng-Li Lian © 2020

unit 7
Case Study
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Feng-Li Lian © 2020

= From Chapter 10

 QOutline of Control Systems Design

« Satellite’s Attitude Control

 Lateral and Longitudinal Control of a Boeing

* Fuel-Air Ratio in an Automotive Engine

* Read Write Head Assembly of a Hard Disk

« RTP Systems in Semiconductor Wafer Manufacturing

« Chemotaxis, or How E. Coli Swims Away from Trouble
Quadrotor Drone

= From Control Tutorials Website
* Cruise Control
* Motor Speed
* Motor Position
« Suspension
* |Inverted Pendulum
 Aircraft Pitch
- Ball & Beam
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Unit 8 Final Project Feng-Li Lian © 2020

Unit 8
Final Project
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Unit 8 Project Feng-Li Lian © 2020

— Control Tutorial & =k
— f AE G A A
e 3 & 1 7% :
— B A
— K£72 B+t Model, Analysis, Design 3 L :
> Models: Differential Equations, Transfer Function

> Analysis: Timing Properties, Frequency Properties, Pole/Zero, etc.
> Design: By Root Locus, By Bode Plot, etc.
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Unit 8 Project
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Feng-Li Lian © 2020

= A

o $¥FerPeiEend 88 0 % = 1 Model, Analysis, Design & = 84 ¢ 1%

— Models: Differential Equations, Transfer Function

— Analysis: Timing Properties, Frequency Properties, Pole/Zero, etc.

— Design: By Root Locus, By Bode Plot, etc.
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