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Navional Teing Hun University

PME320701 Feedback Control of Systems (Control System I)
(Autumn 2025)

Course Information

Instructor:  Liu, Cheng-Hsien (email: liuch@pme.nthu.edu.tw)
Office: Room 517, Engineering Building #1
Phone: (03) 5742496

Lectures: Time: Tuesday 10:10am- 12:00 & Thursday 11:10am~12:00
Location: Room 101, Engineering Building #1

Office Hours: Tuesday 1:30pm~3:00pm & appointment by email

m) TAs: ZFF{F ligianyou3@gmail.com
m) EiF3h dd111033206@gapp.nthu.edu.tw
m) B2 kevin14141732@gapp.nthu.edu.tw

Matlab/Simulink Invited lecturer: Mr. Kary Chang (senior engineer at Mathworks, Taiwan.)
TA hours: Schedule 4a

Course Web site: http://mx.nthu.edu.tw/~chhsliu/control/PME3207_Liu.html

Course Objectives

The Goal of the course is to provide Undergraduate with basic concepts, principles and applications of feedback control in order to work on design of
feedback control systems using classical control methods. Course content will include dynamic modeling, dynamic response, stability, classical
methods of analysis and control: PID, Root Locus, Nyquist, Bode.
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Temporary schedule for TA Hours
TA Hours-- 7:00pm~9:00pm ( Tuesday ) / classroom: I # — 4% Room 101 (% &) (EEsf 4 £
®), Bh¥ &4 %KY AT eeclass. nthu. edu. tw ¢ email BiA R(FEEF Fi7))

F T liglanyouo@ggmall. com Oooo
X %3 dd111033206@gapp. nthu. edu. ty —
ee
B4 kevinld1417328gapp. nthu. edu. | 1 oy ———
CYES KD
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Prof. Cheng-Hsien Liu

10/28 Matlab Lecture given by invited

Lecturer from Mathworks

= (7:00pm--10:00pm at T &£ —4Ew £ H)
MARENT) BRLARFREY
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General Info

o Textbook: Franklin, Powell and Emami-Naeini, "Feedback Control of Dynamic Systems, 8/E", Pearson, 8th edition, 2020 (Global Edition)

o Recommended Reference: Control Tutorials for MATLAB and SIMULINK, W.C. Messner, D.M. Tilbury, etc. https://ctms.engin.umich.edu/CTMS/index.php?
aux=Home

(Matlab/Simulink will be lead by an invited lecturer Mr. Kary Chang, a senior engineer at Mathwork, Taiwan. )
o Prerequisites: (Recommend) Knowledge of Laplace Transforms, complex variables and equations of motion for simple dynamic systems

o Grading:
= Single Midterm exam: 36% (temporary)
Matlab: 17%
Final exam: 42% (temporary)
| also reserve 5~10% (extra) credit based on your class performance/attendance/ and “maybe” quitz.
Policy for Exam Cheating- Exam cheating will make you fail for this class.

Announcements

Handouts

eeclass 12§l &4—Control System I (11310PME 320701)

QOHtI’O' Toy Pere_Ct in 2019-Spring State-Space Control Design (Control System Il)
Demo 1 - provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013

Demo 2 - provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013

Demo 3 — Student’s final demo 1 @ 2019-Spring State-Space Control Design (PME3208)

Demo 4 — Student’s final demo 2 @ 2019-Spring State-Space Control Design (PME3208)

Demo 5 — Student’s final demo 3 @ 2019-Spring State-Space Control Design (PME3208)

Demo 6 — Student’s final demo 4 @ 2019-Spring State-Space Control Design (PME3208)
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GLOBAL #
EDITION

Feedback Control of
Dynamic Systems

Franklin, Powell,
Emami-Naeini, 7th
edition, 2014

Gene F. Franklin * |. David Powell * Abbas Emami-Naeini
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FEEDBACK
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. of Dynamic Systems CONTROL
POWGH and Emaml_ I OF DYNAMIC SYSTEMS

Eighah Edition
Franklin * Powell * Emami-Naeini
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Control of Dynamic
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edition, 2020
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CONTROL
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FEEDBACK CONTROL
OF DYNAMIC SYSTEMS
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Second Edition
Feedback Control of
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Gene E Franklin
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3rd edition, 1993 4th edition, 2002
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http://mx.nthu.edu.tw/~chhsliu/control/PME3207 Liu.html
General Info

o Textbook: Franklin, Powell and Emami-Naeini, "Feedback Control of Dynamic Systems, 8/E", Pearson, 8th edition, 2020 (Global Edition)

o Recommended Reference: Control Tutorials for MATLAB and SIMULINK, W.C. Messner, D.M. Tilbury, etc. https:/ctms.engin.umich.edu/CTMS/index.php?
aux=Home

(Matlab/Simulink will be lead by an invited lecturer Mr. Kary Chang, a senior engineer at Mathwork, Taiwan. )

o Prerequisites: (Recommend) Knowledge of Laplace Transforms, complex variables and equations of motion for simple dynamic systems

o Grading:
m " Single Midterm exam: 36% (temporary)

: = Matlab: 17% 4@

= Final exam: 42% (temporary)
B = | also reserve 5~10% (extra) credit based on your class performance/attendance/ and “maybe” quitz.

] Policz for Exam Cheating- Exam cheating will make you fail for this class.
Announcements

Handouts

eeclass 12§ & —Control System I (11310PME 320701)

_Control Toy Proje-_ct in 2019-Spring State-Space Control Design (Control System Il)

Demo 1 — provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013
Demo 2 — provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013
Demo 3 — Student’s final demo 1 @ 2019-Spring State-Space Control Design (PME3208)
Demo 4 — Student’s final demo 2 @ 2019-Spring State-Space Control Design (PME3208)
Demo 5 — Student’s final demo 3 @ 2019-Spring State-Space Control Design (PME3208)
Demo 6 — Student’s final demo 4 @ 2019-Spring State-Space Control Design (PME3208)
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http://mx.nthu.edu.tw/~chhsliu/control/PME3207 Liu.html
General Info

o Textbook: Franklin, Powell and Emami-Naeini, "Feedback Control of Dynamic Systems, 8/E", Pearson, 8th edition, 2020 (Global Edition)

o Recommended Reference: Control Tutorials for MATLAB and SIMULINK, W.C. Messner, D.M. Tilbury, etc. https:/ctms.engin.umich.edu/CTMS/index.php?
aux=Home

(Matlab/Simulink will be lead by an invited lecturer Mr. Kary Chang, a senior engineer at Mathwork, Taiwan. )

o Prerequisites: (Recommend) Knowledge of Laplace Transforms, complex variables and equations of motion for simple dynamic systems

o Grading:
m " Single Midterm exam: 36% (temporary)
= Matlab: 17%
: = Final exam: 42% (temporary)
B = | also reserve 5~10% (extra) credit based on your class performance/attendance/ and “maybe” quitz.

] Policz for Exam Cheating- Exam cheating will make you fail for this class.
ﬁ: >Announcements

Handouts

:>eeclass 2%l Z 4 —Control System I (11310PME 320701)

:>_Control Toy Proje-_ct in 2019-Spring State-Space Control Design (Control System Il)

Demo 1 — provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013 Re f erence—# J,;
Demo 2 — provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013

Demo 3 — Student’s final demo 1 @ 2019-Spring State-Space Control Design (PME3208)

Demo 4 — Student’s final demo 2 @ 2019-Spring State-Space Control Design (PME3208)

Demo 5 — Student’s final demo 3 @ 2019-Spring State-Space Control Design (PME3208)

Demo 6 — Student’s final demo 4 @ 2019-Spring State-Space Control Design (PME3208)
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https://mx.nthu.edu.tw/~chhsliu/control/PME3207 ann.html

& O O https;//mx.nthu.edu.tw/~chhsliu/control/PME3207_ann.html A ) 88| €= i‘k‘_ 9

PME320701 Feedback Control of Systems (Autumn 2025)

Announcements

® (09/01)

1. Class lectures will be delivered in Chinese. The lecture notes will be mostly in English.
2. First lecture starts on 10:10pm Sep. 2 at Room 101, Engineering Building #1 (£ —42101).

3. B_R99&911 AR B =9/16 & 9/18 Bh# b 37/ oFig

4. All class notes will be available http://mx.nthu.edu.tw/~chhsliu/control/PME3207 handouts.html at first
couples of weeks in case some of you had not been in class eeclass. Later all class notes and announcement will
be only in class eeclass.

5. TA hours and my office hours will start from the week of 9/23
6. One Midterm and Final Exam will be based on http:/mx.nthu.edu.tw/~chhsliv/control/TA Hours.pdf.

7. Also The midterm exam date and final exam date are fixed. If you predicted schedule conflict, this class might
not appropriate for you to take. (Sorry about this.)

8. EMRMEER L wE, RIFR/ R B D] Remai | M #E o F G RABKNO0A, 37 ¥ tfenail, 2R
—A9/28 =T RFREBA K
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Chapter 1: An Overview and Brief
History of Feedback Control

Chapter 2: Dynamic Models
Chapter 3: Dynamic Response

Chapter 4: A First Analysis of
Feedback

Chapter 5: The Root-locus Design
Method

Chapter 6: The Frequency-response
Design Method

Chapter 7: State-space Design
Chapter 8: Digital Control

Chapter 9: Nonlinear Systems

Lecture 1

Prof. Cheng-Hsien Liu

Chapter 10: Control Systems
Design: Principles and Case
Studies

=

Appendix A: Laplace Transforms

Appendix B: Solutions to the
Review Questions

Appendix C: MATLAB Commands

= Appendix WA: A Review of Complex
= Variables

Appendix WB: Summary of Matrix Theory

Appendix WC: Controllability and
Observability

= Appendix WD: Ackermann's Formula for
" Pole Placement

= Appendix W2.1.4: Complex Mechanical
= Systems

13
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www.fpe7e.com
https://www.scsolutions.com/publication/feedback-control-of-dynamic-systems-seventh-edition/

Feedback Control of Dynamic Systems - Seventh
Edition

Prof. Cheng-Hsien Liu

& FPE7-ALLzip - WinRAR = m|
) ) ) . BEF) E2(0) IR ENBFO) WEN) REH)
Gene F. Franklin, ). David Powell, Abbas Emami-Naeini .y
INB LMD &
Feedback Control of Dynamic Systems, 7th edition, Pearson, 2015, ISBN-10: 0133496597 « ISBN. WA RE®Z ik =& HR
B |3 FPE7-ALLZIDALL - ZIP B 1B, &350 1,119,372 74
Website z® X s 8T PEGEL CRC32
[} f_ptos.m 262 174 MIBE 2014/6/13 t.. 4E2SF..
[]f_tosm 123 111 MIE= 2014/6/13 k.. 13638..
. [ 7] fas.m 235 158 M= 2014/6/13 L£.. 7852F...
Feedback Control of Dynamic Systems, 7/e covers the M3 g2 3m e 209, e 4S5 b T2
and most scientists and prospective managers, needs {Llfig2_15m 409 282 M= 2014/6/15 .. GEEEB...
ngz 17.mdl 29,632 7,944 MDLiEZ= 2014/6/17 £.. 8233D..
control, including concepts like stability, tracking, and r[7fig2_18:k 15749 15251 SLXIEZ 2014/7/17 .. 364E2..
presents the fundamentals along with comprehensive, - fig2-19am s SSMAak 2OIGONT T | BIGIY,
i : ‘ _ [ fig2_19axslx 15720 15414 SLX1EE 2014/7/17 £.. DD128..
within a real-world context and with historical backgro([]fig2_19bm 444 289 MR 2014/6/17 F.. 9F1C2..
. . " . . Dﬂ92_19bxsix 15,166 14,857 SLX1BE 2014/7/17 k.. BB636..
authors also provide case studies with close integratiol fig3_04m gan AT 2014/6/27 L. GA34F..
[]fig3_05.m 984 504 MiEE 2014/6/27 k.. F2CEF.
The book is available for purchase at the publisher’s wiLlfig3_06m 396 278 ME= 2014/6/21 £.. CAOCS..
Df‘g3 07.m 716 399 ME= 2014/6/27 E£.. 43163..
ng3 08.m 749 412 ME= 2014/6/21 £.. 2E11D..
There is also a graduate level book on this mateial thar fgs_14m 1123 546 MIE= 2014/6/27 £.. DA171..
implementations entitled: Digital Control of ¢ syEibatim L O ok i it I it
10
Download MATLAB m, mdl,_and slx files (zip archive, 1.06 mb).
8
il o
Table of Contents O A5 D
2 e e ettt o B Rl aki
Detailed table of contents (pdf, 72.7 kB). gil|v e e e s
Figure 2.3 L. - . .
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Chapter 1: An Overview and Brief History of Feedback Control

Lecture 1
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Lecture 1

Chapter 1: An Overview and Brief History of Feedback Control
Chapter 2: Dynamic Models

Chapter 3: Dynamic Response

Chapter 4: A First Analysis of Feedback

Chapter 5: The Root-locus Design Method

Special M-files for root-locus (zip archive, 2.0 kB).

Chapter 6: The Frequency-response Design Method

Special M-files for Bode plots (zip archive, 932 bytes).

Chapter 7: State-space Design
Chapter 8: Digital Control

Chapter 9: Nonlinear Systems

Chapter 10: Control Systems Design: Principles and Case Studies

Appendix A: Laplace Transforms
Appendix B: Solutions to Review Problems
Appendix C: Matlab Commands

Bibliography
Web Appendices:

Download All Web Appendices

MATLAB-related tutorials

® RLtool tutorial (pdf, 422.9 kB).
e Simulink tutorial (pdf, 417.6 kB).

Prof. Cheng-Hsien Liu
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—pChapter 1: An Overview and Brief Chapter 10: Control Systems
History of Feedback Control Design: Principles and Case
Studies

Chapter 2: Dynamic Models
Appendix A: Laplace Transforms

Chapter 3: Dynamic Response
Appendix B: Solutions to the

Chapter 4: A First Analysis of Review Questions

Feedback
Appendix C: MATLAB Commands

Chapter 5: The Root_locus Design :IllllllllllllllllIIIIIIIIIIIIIIIII
Method - Appendix WA: A Review of Complex
= Variables

Chapter 6: The Frequency-response : aAppendix WB: Summary.of Matrix Theory
Design Method

. Appendix WC: Controllability and
h Observability

: Appendix WD: Ackermann's Formula for

Chapter 7: State-space Design

Chapter 8: Digital ContrOI : Pole Placement
Chapter 9: Nonlinear Systems E Appendix W2.1.4: Complex Mechanical E
:.Sy.s.tgl.‘rl.s...........................:
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http://mx.nthu.edu.tw/~chhsliu/control/PME3207 Liu.html
General Info

o Textbook: Franklin, Powell and Emami-Naeini, "Feedback Control of Dynamic Systems, 8/E", Pearson, 8th edition, 2020 (Global Edition)

o Recommended Reference: Control Tutorials for MATLAB and SIMULINK, W.C. Messner, D.M. Tilbury, etc. https:/ctms.engin.umich.edu/CTMS/index.php?
aux=Home

(Matlab/Simulink will be lead by an invited lecturer Mr. Kary Chang, a senior engineer at Mathwork, Taiwan. )
o Prerequisites: (Recommend) Knowledge of Laplace Transforms, complex variables and equations of motion for simple dynamic systems

o Grading:
= Single Midterm exam: 36% (temporary)
= Matlab: 17%
= Final exam: 42% (temporary)
= | also reserve 5~10% (extra) credit based on your class performance/attendance/ and “maybe” quitz.
= Policy for Exam Cheating- Exam cheating will make you fail for this class.

Announcements

:>Handouts

eeclass 12§ & —Control System I (11310PME 320701)

_Control Toy Proje-_ct in 2019-Spring State-Space Control Design (Control System Il)

Demo 1 — provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013 Re f erence—# J,;
Demo 2 — provided by Prof. Yeh (TAs) for PME 320701 Control System I in 2013

Demo 3 — Student’s final demo 1 @ 2019-Spring State-Space Control Design (PME3208)

Demo 4 — Student’s final demo 2 @ 2019-Spring State-Space Control Design (PME3208)

Demo 5 — Student’s final demo 3 @ 2019-Spring State-Space Control Design (PME3208)

Demo 6 — Student’s final demo 4 @ 2019-Spring State-Space Control Design (PME3208)

Lecture 1 18
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& O O httpsi//mxnthuedutw/~chhsliu/control/P... A ¢ {3 @ ¢= 3'-']'1

PME320701 Feedback Control of Systems (Autumn 2025)
Handouts

|:> ® Pre-reading material I (for your reading before class/ for fun!)

® ecture |—Introduction & Chapter 1

® Lecture 2~4—Chapter 2 ~ Chapter 3.4

® The handouts will be on eeclass for the rest of this semester class.

Lecture 1

"1
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What Is Feedback Control?
What are the Applications of Feedback Control?

Feedback Control 3@ ng ’4”{ {H

Desired output Actual
i P Controller Actuator Plant o T
response output
Sensor
Measurement output Feedback
Case Study I:

Lecture 1 20
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Prof. Cheng-Hsien Liu

Case Study II: Autonomous vehicle/Autonomous driving

Feedback Control 3@ 2 & 41\"

Desired output Error
response

Controller

Actuator

Actual
output

Plant

Measurement output

Sensor

Feedback

Lecture 1
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Case Study II: Autonomous vehicle/Autonomous driving

i Error
HEEES CIR g Controller f——{ Actuator Pl SRR
response ant output

Sensor
Measurement output Feedback

Actuators- (Combustion) Engine

Car Engine

Transmission

Auto Tech Lab__s

Lecture 1 22



Feedback Control of System Prof. Cheng-Hsien Liu

Case Study III: NASA Parker Solar Probe

NASA's Parker Solar Probe

orbit and timeline

Lecture 1 23
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Case Study III: NASA Parker Solar Probe

Lecture 1 24
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Case Study III: NASA Parker Solar Probe

NASA's Parker Solar Probe
orbit and timeline

Rocket thruster

e =
o — -

Lecture 1 25
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Case Study IV: Robot/ Robot Arms/Robot Hands

Actual
Plant output

Sensor
Measurement output Feedback
A B 8048 1
W

Desired output
response

—

Controller Actuator

BRT ASIMO !

Honda announces to stop/ retitre Asimo humanoid robot after 2018
Lecture 1 26



Feedback Control of System Prof. Cheng-Hsien Liu
Case Study IV: Robot/ Robot Arms/Robot Hands

Desired output Actual
" Controller Actuator Plant output
Measurement output Feedback
Actuators- (Electrical) Motor
Electrical Motor
Lenz's Law
Bilp_
+
ecoii
Rl
— -

. § FB v —

Lecture 1 27
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Google's DeepMind Al Just Taught Itself To Walk

Desired outpul Error Actual
Controller Actuator »
TCSMOTEAG Plaﬂt HlH['IH‘I

Sensor -

Feedback

Measurement outpul

It might
look goofy ...

Lecture 1 https://www.youtube.com/watch?v=gn4nRCC9TwQ
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What Is Feedback Control?

e e il m__ £ * : i
disturbances.....~ W
error control; d =~ T = l d, == P
s® \\_FLJ_— e S
r >OL) K _u)é)_) P 4)0__)}'
desired output T ST S . actual output

* Design K s.t. closed loop system exhibits :
B )
high performance. % ﬁ 3 ﬁ (ﬂ 4’ilu

+ //ev 'MZ l‘;\-\\ %> P : Physical System to be Controlled
o™ ' o
| Xw—r\f ons »}Q a s - K : System to be Designed

Do you need this course? I believe —yes!
Lecture 1 29
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Terms

Prof. Cheng-Hsien Liu

disturbances

error controlr d,
r >O c K u

desired output T

P

_)O_

Controller

Plant

VM \/\%j i,\ ybar

y(t). sensed/actual output

) e(t)= r(t) - ybar(t)

u(t): control input

\ ybar: estimate of y

sensor

): reference input or command signal

Purpose: find compensator/controller

- error is “small”
- stability is “good”

If r(t) is a constant -> “regulator” problem

If r(t) =function of time -> “servo” or “tracking”

Gl

Lecture 1

—

actual output

4_?
n SENnsor noise

Plant P sometimes includes actuator dynamics

i oblem

30



Feedback Control of System Prof. Cheng-Hsien Liu

Figure 1.6
Closed-loop cruise
control
Comroller
{ ycl — Iou = SW,
u=10(r — yq).
Combining them yields

Vet = 100r — 100y, — 5w,
101y = 100r — 5w,

/o'oo S‘

|:>J’d— r- é/{ Y‘ ’/:';7 bl}

€cl =

101 + lOl
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Chapter 1: An Overview and Brief Chapter 10: Control Systems

History of Feedback Control Design: Principles and Case
Studies

—>Chapter 2: Dynamic Models
Appendix A: Laplace Transforms

—p>Chapter 3: Dynamic Response
Appendix B: Solutions to the

Chapter 4: A First Analysis of Review Questions

Feedback
Appendix C: MATLAB Commands

Chapter 5: The Root_locus Design :IllllllllllllllllIIIIIIIIIIIIIIIII
Method - Appendix WA: A Review of Complex
= Variables

Chapter 6: The Frequency-response : aAppendix WB: Summary.of Matrix Theory
Design Method

. Appendix WC: Controllability and
h Observability

: Appendix WD: Ackermann's Formula for

Chapter 7: State-space Design

Chapter 8: Digital ContrOI : Pole Placement
Chapter 9: Nonlinear Systems E Appendix W2.1.4: Complex Mechanical E
:.Sy.s.tgl.‘rl.s...........................:
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4

A First Analysis of Feedback

error control
r -0 el k u . p v
desired output T Controller Plant actual output
/reference input

4.1 The Basic Equations of Control ¢

r KT
A L~ \L
0
t 0 : a t

0
4.2 Control of Steady-State Error to Polynomial Inputs: System Type

4.3 The Three-Term Controller: PID Control

NA Feedforward Control by Plant Model Inversion

A 4.5 Introduction to Digital Control
Lecture 1 33
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Figure 4.2

Closed-loop system
showing the reference,
R, control, U,
disturbance, W, output,
Y, and sensor noise, V

|:(>}’d &R_F

~ 146D,

Lecture 1

(s)

Prof. Cheng-Hsien Liu

G

1 +GDyy

W'[.'r}
+
Controller Plant
Dt'fr'ﬂ G(U
GD,
- 2 4.5)
1 + GDyy

:"'m
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Feedback Control of System

Prof. Cheng-Hsien Liu

‘Former Exam: The differential equation y+ 60y = 600v_ —1500w

represents the relationship shown in below block diagram.

Assume y =4(0.1e+12 JZ edt)

e=r—y

What are D(s), G,(s), G,(s), G, (s)

(Nots: Gp(s) is not a constant gain!) (10 pts).

a

Gw (s)

v

Gd (s)

Lecture 1
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Example: Accelerometer

Write the equation of motion for the following system by using the parameters- m, k, c, y,

Y object V object y object @ F =MAQa =

\ [ M?&4M:c1 S'/Sje’”\ @Tov?ue - I &

- s
y |[Accelerometer
m Kirchhoff’s voltage law
l 1 e E/ECT/¥5£A£ S}S{% {

(
7 :‘ ) Kirchhoff’s current law
T v k o PR %5 %% (Mechatronics/ Electro Mechanical Systems...)
Y object | \- P
;LSS
. y Object
Y object Y object

= my = _Cv (y o yobject) o k(y o yobject)

— my T cvy + ky = vaobject + kyobject

Lecture 1 36
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Example: Circuitry

L R [ <) MPO{MJ(:[ S)/S*[eﬂ

MEF=mAa =
@ Tovgue = LA &

Kirchhoff’s voltage law
v, (t) i(n | Cc== v, (1) n (2)£/35{y5(,4£ S}St[%{

o ——* O HEFE 22 24 (Mechatronics/ Electro Mechanical Systems...)

Kirchhoff’s current law

Vi"“u?-- = k- f‘ K
_ az T

LY

R
L= QT

== LC d?V,/dt2 +RC dV,/dt+ V,=V,

Laplace |/, (5) /
= U® s tsekt
f CL T /4

Lecture 1 37
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‘Former Exam: The differential equation y+ 60y = 600v, —1500w

represents the relationship shown in below block diagram.

Assume v, =+(0.1e+12 [ edt) ”

e=r—y

Gw (s)

» Gd (s) 4 Gp (5) TQ Y

What are D(s), G,(s), G,(s), G, (s)

a

S

g0 Ry
N e — | — W
[= Tsté e S 42
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4

A First Analysis of Feedback

error control
r -0 el k u . p v
desired output T Controller Plant actual output
/reference input

4.1 The Basic Equations of Control ¢

r KT
A L~ \L
0
t 0 : a t

0
4.2 Control of Steady-State Error to Polynomial Inputs: System Type

4.3 The Three-Term Controller: PID Control

NA Feedforward Control by Plant Model Inversion

A 4.5 Introduction to Digital Control
Lecture 1 39
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4.1 The Basic Equations of Control

Figure 4.1 Pﬁ(\ '@% Y
Open:loop 55’ stem Ry Controller Plant Y5
showing reference, R, =%  pusg o) ——°
control, U, disturbance,
W, and output ¥

= Y, = GD,R + GW (4.1)

the error, the difference between reference input and system output, is given by

=> Ey=R—Yy (4.2)
= R — [GDyR + GW] (4.3)
= [1 — GDyIR — GW. (4.4)

open-loop transfer function in this case is T,;(5) = G(s)D(s)

:> Z:Tvol
R

Lecture 1
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Figure 4.2 Wi

Closed-loop system R + E
v (51

showing the reference, i %

R, control, U, cit?)

disturbance, W, output,

Y, and sensor noise, V

p. 42 p. 44 p. 43
_ GD G B GD,; !
= Ya = 14 Gﬂch T + GDyy i | + GDy o e L/os?“l - r

1 + GDgy | + GDgy 1 4+ GDyy ¥

A
Controller Plant Yis

Gis)

(4.6)
the error, E.; = R — Y.

GD, G GD,
— =R—[—-—LR —_— W -V 4.
! 14+ GDgy i 1 4+ GDy; + GDy 1)

1 G

= R—— W :
| + GD,y | + GD, (%8)

GD cf
1 +GDy'

_B;uf 345YL<:'

m==) the closed-loop transfer function is T,; =
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Feedback Control of System

3.2 System Modeling Diagrams
3.2.1 The Block Diagram

negative feedback

[ Ui(s) = R(s) — Ya(s),
< Ya(s) = Ga(s)G i (s) Uy (s)
L Y1(s) = Gi(s)Uj (),

Lecture 1

Prof. Cheng-Hsien Liu

Y, ! S)
/
Yi(s)

| ]—Q m}
(G

Ya(s) Us(s)

Y(s) G,
Ris) 1+ G,G,

B Gi(s)
b I + Gi(s)Ga(s) R(s)

42



Feedback Control of System

Figure 4.2
Closed-loop system

: Ris) 4 E Controller
showing the reference, D.(s)
J{F
R, control, U, -

disturbance, W, output,
Y, and sensor noise, V

Prof. Cheng-Hsien Liu

Plant
Gis)

GDy R G GD,y

|:'> Y. =
T %60 @ 106D 1+ 6Dy

W) E=f-ver =-v-Y
-\/) >O-7\
Y 6D

—> -
e o —

)
\)’-<

©v) /44D

Lecture 1
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Figure 4.2

W'[.'r}
Closed-loop system + U +
R b3
showing the reference, 4 E Ct;ﬂrn}}ler + le?[
R, control, U, il Gis)

disturbance, W, output,
¥, and sensor noise, V

W-> Y
lR-W) E - ﬁ'Y = R-6(y twW) = ~6U-6W

Vo
S} T

"TU S 2
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Figure 4.2 75( Wi Y /
7
ElUSEEj -lﬂ'ﬂp S}r'StEI'I'I Ris) > E Controller Pl Yis) .
showing the reference, iy o
R, control, U, —? cil$ Gl(s)
disturbance, W, output,
Y, and sensor noise, V
- — GD ! G GD |
=) theerror, E;; = R — Y. Y = o - (AT ¢ S a7 4.5
146D = 190Ds | LeGDhg i
GD,y G GDyy
E.q=R-— R + W—-o—-7«7-+-+—V 4.7
—7 [I+GDE; 1+GDy 1 +GDgy ] ¢
| G GD,;
= —R-— W V., : _
| +GD,y | + GD, 1 + GD, (4.8)

'!--—-I-

e

\— = /"'(‘DQ = HGD \/O /+60 W _

= &
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Figure 4.2 W,
Closed-loop system R +
showin g the reference, (5) Controller Plant
R, control, U, % Dyy(s) G(s)
disturbance, W, output,
Y, and sensor noise, V s = poes
Yoj = ——=—R M ... 45
, e T GDy i 1 +GDy 1+ GD, (#2)
4.1.1 Stability
the system characteristic equation | +GDy =0 (4.9)
the system poles are the roots of 1 + GD¢ = 0
b(s)c(s)
| = 4.10
L a(s)d(s) [ )
< a(s)d(s) + b(s)c(s) = 0. (4.11) €=> 3.6.3 Routh’s Stability Criterion

41.2 Tracking Y Fo //ows R ( Y %\Z«ﬁ ‘Ifi - R)

4.1.3 Regulation R=o '-:> H({)"\’ o

\ 4.1-1*)@&1'““3'(‘;]/}1’]7?%' 5 %)

Lecture 1
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Figure 4.2

Closed-loop system
showing the reference, Controller
R, control, U, D(s)
disturbance, W, output,
¥, and sensor noise, V

(5] Plant

(is)

GD, G D.
- cl R + W . G qf
1 4+ GD 1 +GDyy 1 4+ GD,

X, el

What does Feedback Control do?

_ -,,J,
( 1. Static response (steady-state) S' J W-=>o

P 4 2. Dynamic response (transient) &~ S = jw,W-—)}lle\

U

__>o
Wi Vi

, 1
\ 3. Disturbance rejection =5 Y - 0 9\ L
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Feedback Control of System

Prof. Cheng-Hsien Liu

Feedback Control
R . i
(%) Controller Plant
Dr.'f'r'” Gf'-‘)
Desired output Error
i = Controller Actuator Plant.
Sensor
Measurement output Feedback

Lecture 1

Actual
output
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Feedback Control of System Prof. Cheng-Hsien Liu
- > 1 3 - FEEDBACK
Feedback Control ﬁvﬁ @]J‘"lﬁ '*‘K'g' (-()\'”)\()]\
of Dynanﬁc Systems National Tsing Hua University ‘"' m'\.\\m \'-'\HM‘;

PME320701
Feedback Control of Systems &

N\ Lecture 2~4 (Chapter 2 & 3)

Instructor :

1 ;\ Cheng-Hsien Liu C]}Jﬁ - 244 A
i # K R TN
4 % KW
Lecture 2~4 1
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Chapter 1: An Overview and Brief Chapter 10: Control Systems

History of Feedback Control Design: Principles and Case
Studies

—>Chapter 2: Dynamic Models
Appendix A: Laplace Transforms

—p>Chapter 3: Dynamic Response
Appendix B: Solutions to the

Chapter 4: A First Analysis of Review Questions

Feedback
Appendix C: MATLAB Commands

Chapter 5: The Root_locus Design :IllllllllllllllllIIIIIIIIIIIIIIIII
Method - Appendix WA: A Review of Complex
= Variables

Chapter 6: The Frequency-response : aAppendix WB: Summary.of Matrix Theory
Design Method

. Appendix WC: Controllability and
h Observability

: Appendix WD: Ackermann's Formula for

Chapter 7: State-space Design

Chapter 8: Digital ContrOI : Pole Placement
Chapter 9: Nonlinear Systems E Appendix W2.1.4: Complex Mechanical E
:.Sy.s.tgl.‘rl.s...........................:

Lecture 1 50



Feedback Control of System Prof. Cheng-Hsien Liu

3 Dynamic Response

Actual
output

Desired output
response

Controller Actuator

Sensor
Measurement output Feedback

3.1 Review of Laplace Transforms

Y(s) bs"+b _s"'+--+bs+bh
3.2.1 The Block Diagram =

F(s) a5 'a---rasia
3.3 Effect of Pole Locations (s+z)Xs+2z)(s+z)
st 1 2 i

3.4 Time-Domain Specifications (s+p)(s+p,)-(s+p)
Fi
3.5 Effects of Zeros and Additional Poles <

3.6.3 Routh’s Stability Criterion
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