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Preface

{Automatic Control Theory and Application) is
an important basement course for the subject of
Control Science and Engineering. By means of the
tools of Mathematics and Computer technology,
several of control strategies, mathematical modeling,
system analysis and design will be studied. The
course will make students not only to understand the
theory of automation, but also to grasp how to deal
with the question in real control systems. Even more,
the automatic theory is the basement of other
relative courses.

The course of Automatic Control Theory with
bilingual was first given out for the students in
Beijing Institute of Technology in 1999. After more
than 10 years, a lot of teacher’s lesson plan and
class notes had been accumulated, students need
only to copy teacher’s PPT after the class, and then
review the knowledge according to the outline of
teacher’s Lecture Notes. So we think to collect the
Lecture Notes, and make them for a book maybe a
good idea for our students, they need not to copy
the PPT after the class at least. Also to read a book
is more easy and convenient than to read the PPT
on screen.

Even we had built a Web Station for the
students in Beijing Institute of Technology, students
can log in the Web of Remote Control Laboratory,
download the PPT of texts and meanwhile they can
do some experiments to practice how to control a
plant by some control algorithm. In 2008, the course
of Automatic Control Theory (A) got award of
“Beijing Excellent Course” from Beijing Municipal

Education Commission.
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The Main purpose of writing this book is to help
students who studying the automatic control theory
bilingually, to help them to absorb the knowledge as
much as they can in the shorter and shorter study
period. There will be “three domain” introduced to
readers of this book: time domain, s-domain and
f-domain. And there will be “one space” method
introduced in this book -state space method.
According to the “three domain” and “one space”,
students will get the knowledge of classical control
theory and simple modern control theory.
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1.1 History of Automatic Control

(1) The first automatic feedback controller used in
an industrial process is generally agreed to be James
Walt’s flyball governor, developed in 1769 for
controlling the speed of a steam engine.

The all-mechanical devices, shown as Figure.1.1,
measure the speed of the output shaft and utilized the
movement of the fly ball with speed to control the valve
and therefore the amount of steam entering the engine. As
the speed increases, the ball weights raise and move away
from the shaft axis, thus closing the valve. The flyweights
require power from the engine to turn and therefore cause
the speed measurement to be less accurate.

W Bk

Measured i &
B, ) Speed #JSF

Chapter | Introduction to Control Systems
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Figure 1.1 James Watt’s Flyball Governor (1769)
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(2) In 1868, J. C. Maxwell formulated a
mathematical theory related to control theory using a
differential equation model of a governor.

(3) Conventional control theory is effectively applied
to many control design problems, especially to Single-input
Single-output (SISO) systems. Its mathematical foundation
is the Laplace transform.

1) Routh in 1884 and Hurwitz in 1895, algebra
stability criterion.

2) A. M. Lyapunov, set up the stability theory in
1892.

3) Bode and Nichols presented frequency-response
analysis in 1927.

4) Nyquist presented the steady-state frequency-
response techniques in 1932.

5) Evans set up the root-locus theory in 1948.

(4) Modern control theory(1960) is based on state

(2) 1868 4F, Z it /RHGARF ML I AR
BT — 2 TR L
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HEEH RS A, R R R RS, X
i MR B AR
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FasE AR AR
2) ZEHE T 1892 4EEL TR E ML

3) S ERIURET, 7E 1927 F452H T FSE T
AT RAHI T

4) ZEHRFT 1932 G T M RGP
RS A .

5) 1948 4, ICEERE TARPUBEE R

(4) BACEHIFS R 1960 FELUJG R BRI, H
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BaEHRIc SN
variable methods, for the design of multiple-input
multiple-output(MIMO) systems.
1) Wiener(1948), Cybernetics.
2) Bellman(1957), Dynamic programming.
3) Pontryagin(1962), Maxmum principle.
4) Kalman(1960), Controllability and observability.
5) Kalman and Bucy(1961), Combination of optimal
filter and optimal controller, Linear quadratic Gaussian
(LQG) control.

(5) Advanced control theory:
1) Robust theory (1980s).
2) Adaptive control theory  (1970s).

3) Intelligent control theory  (1980s):
a. Artificial Neural Networks(ANNS);
b. Fuzzy Control (FC);
c. Expert System (ES).
d. Genetic Algorithm, Particle swarm, Chaos, etc..

1.2 The Concepts of Control Systems

A control system is an interconnection of components
forming a system configuration that will provide a
desired system response.

Input

B FR RS R, WAEEAFT At
ZMAZ RS
1) 4Egh (1948), HRREERE FEHIR).
2) JUURE (1957), KT 3ha&MK.
3) BERFRIES (1962), TR,
4) F/RE (1960), HAL TRARHE S AL,
5) RIRBEAE (1961), #BTHRTFLEN—
URBUPE REFEFRIC) S A 45 il i A, -4t Kalman 387
i,
(5) SeibrEhIE:
1) EHEHEE (20 tH4E 80 4E4R).
2) HIENAEH (20t 70 4E4R).
3) FEsHES (20 4 80 HEAR):
a. N THhEsm%s,
b. BRI
c. BERY:
d. BEELE, RFREEE. RSE.

1.2 Pl ARG A

ARG R B — LR RO T R —F R
GG, WA R TAERES ™A B 18 (K
4R
Output

€99

Process

(HHEX 50

(Hgi)

Figure 1.2 Process to be controlled

E12

1.2.1 Open-loop Control system

An open-loop control system utilizes an actuating
device to control the process directly without using
feedback. It is shown at Figure 1.3.

Desired output response

I ARG

1.2.1 FERMEHIRGE

TP HIRSE: hf e B BRI 2,
I HBA MU BRI/ R SE, @l 1.3 Fizs.

Output

CuEEA iz )

Actuating device
CRTAE)

($Hy)

Process

(€ 2-208 W)

Figure 1.3  Open-loop control system (without feedback)
13 FENERIRGE (REEMMIR)

The automatic toast in Figure 1.4 is an example of

open-loop control system.

Therefore, concerning a known number of input
amounts and output quantity, and the inside and outside
disturbance do not existing, adopt an open-loop control
system to be proper. While, the component parameter
may have no way to anticipate changes in there being
existing the disturbance, closed-loop control system

4
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looks like being more advantageous right away.

Chapter 1 Introduction to Control Systems

Input: electricity  #iiA: Hif5%5

Output: thermal  #fitH: #fE

Merit: simple and inexpensive.

Plrt: BB HOACHE

Shortcoming: Can't control the degree of bake automatically.
AR TR IR F 3R

Figure 1.4 Automatic toast
E 14 Bahme e

1.2.2 Closed-loop Control system

A closed-loop control system uses a measurement
of the output and feedback of this signal to compare it
with the desired output (reference or command).

Desired output response

C U A 4 o )

122 FAINEHIRSG

PRI R G0 h 18 RIS B R 5 5, 9F
FHAE 5 RGN S5 WS (SHERA
B d) TS B AN e, (R H]
&S HIAT RS BB

Actual output

Comparison

(prif )
Controller I—’I Process —I——’

(5B

(38

Measurement

CBAER 5

(W R{E5)

Figure 1.5 Closed-loop control system
Bl 15 FEEH R

Desired course of travel

(0Ll i)

Actual course of travel

CIBRIT BB L)

v |

Steering
Mechanism

——l Automobile }——»

= (YR

[ I

Oy 1f A

Q%)

l ement I

SUUE &5 )

Figure 1.6  Driving control system
L6 RESWTHIRG

The Driver comes to adjust a steering wheel
according to difference between reality running direction
and expected running direction.

2T BT S S ) e e 5 S P 2 B 2
ZERTITT A o

Desired speed ——
CH B i) ctual sp
(ot E)
Amplifie DC motor Turntable |——>
p CELE L) €39
ll Tachometer II
Ot

Figure 1.7  Closed-loop control of the speed of turntable
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1.3 Example of Automatic Control System

For a servo control system--Turntable Speed
Control.

(1) A open-loop control of the speed of turntable
is show as Figurel.8.

1 Bl e IS
XM R S el .

1.3

(1) BERTEEERITEA I 1.8 fis.

o 5
(§64) (67.0;' 9]
DC <t
amplifier ") DCuotor
CHMEHORER)
GShldeE) ($hi7a8) ISR RO
Desired Actual
speed Control device Actuator Process speed
AL ) Amplifier DC motor Turntable (€475 318
Bk CE ¥Rz L) ()

Figure 1.8 turntable open-loop control system

(2) A closed-loop control of the speed of turntable is

B 1.8 SEMFREEIRG
(2) FEAEBER AP HIWPE 1.9 s,

shown as Figure 1.9.
I
| '
+———= _ Speed
CER) G
DC -0~ DC motor
" amplifier - (H iz
R O s
EhPRED (Phi7a%) CHEIERT S0
Desired Control device Actuator Process
speed Actual speed
(R Amplifier DC motor DC motor CRpREEHD
(hAe) CHifBzhH (€3 ¥
Sensor (fREas)
Tachometer
ChEgt)
Figure 1.9 Closed-loop control of the speed of turntable
19 HAENHNEHRR
Consideration: BE:

(1) What is the function of Tachometer?

Answer: The Tachometer is a sensor, it measures
the speed of Turntable, and gives feedback of the speed
to the input, and then compare with the desired speed
of Turntable, the Actuator will adjust the DC motor
according to the error of desired speed with
Tachometer.

(2) what is  the advantage with closed-loop feed

6

(1) FedihRrfERZMtA?

BE: Hauh R, FRIERAK
WL, FHEBBL R CRAERESS 5 Rt 5 =)
B A, SR BRE (RS AL (75
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ZEPNTELL AL (RIS (SR Fe A e i) B
BhfED.
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back control compare with open-loop control?

Answer: Open loop control system can not adjust
the DC motor automatically, but closed loop control
system can do.

1.4 The Main Content of This Book

There are “three domain™ will be introduced to
reader in this book: time domain, s-domain and
J-domain. In time domain, how to set up a mathematic
model according to differential equations will be
introduced, and find the solution of the system’s output
through to find the solution of differential equation.
Even more, students will get the knowledge about
system performance index such as steady state error,
the overshot, the settle time, and rise time etc.

In s-domain, the Laplace method will be
introduced. Student will study how to analysis a
system according to root locus, draw a draft of roots
locus. And get the steady state information through the
roots locus, even design a new, advanced control
system according to the roots locus methods.

In f~domain, Forier method will be used to
analysis and design the control system. By means of
Bode diagram, Nyquist diagram, a control system will
be designed and analysis. It will be clear that if the
system is stable or unstable after you drawn a Bode
diagram or Nyquist plot. Even the stable margin will
be shown in the diagrams clearly.

There are “one space” method will be introduced
in this book — state space method. In state space, one
can analysis and design the control system by means of
another mathematical tool — linear algebra. The state
space method is used widely now, because it will deal
with some difficult problem that the classical methods
can’t to do, such as multi-input multi-output (MIMO)
system, Nonlinear system, time vary system etc.

Homework

1. Review:

(1) The solution of differential equations

(2) Laplace Transform

(3) Matrix Linear Algebra

2. A precise optical signal source can control the
output power level to within 1%. A laser is controlled

Chapter | Introduction to Control Systems ?"‘?
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by an input current to yield the power output. A
microprocessor controls the input current to the laser.
The microprocessor compares the desired power level
with a measured signal proportional to the laser power
output obtained from a sensor. Complete the block
diagram representing this closed-loop control system
shown in Figure H1.1, identifying the output, input,
and measured variables and the control device.

Input Error

( )
GRA) o~ (W Devics CRE) CHL) (ﬁtﬂ_)-

Measured variable

(R 2 ik

P T
| Sensor ( {& kg8 ) [

1%LA . BOLES B B G = Th R, AEH
FEROEAS LR RS — b B g, Tt
BLGPRN I DY R o AR AR DU 13 M B0t 25 (0
H TR A A PR o XA PR 42 1] 2R 4 A A 1
HL1 BiR. $adthtiaet ., MAZE. glldes
F b ER.

Hr)Current Output

Figure HI.1 Partial block diagram of an optical source.
EHL1 SXRAEE

3. An autofocus camera will adjust the distance of
the lens from the film by using a beam of infrared or
ultrasound to determine the distance to the subject.
Sketch a block diagram of this open-loop control
system, and briefly explain its operation.

4. Because a sailboat can’t sail directly into the
wind , and traveling straight downwind is usually slow,
the shortest sailing distance is rarely a straight line.
Thus sailboats tack upwind — the familiar zigzag
course — and jibe downwind. A tactician’s decision of
when to tack and where to go, can determine the
outcome of a race. Describe the process of tacking a
sailboat as the wind shifts direction. Sketch a block
diagram depicting this process. *

5. Automated highways may be prevalent in the
next decade. Consider two automated highway lanes
merging into a single lane, and describe a control
system that ensures the vehicles merge with a

prescribed gap between two vehicles.
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