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Chapter 1 Introduction

“ Automatic Control Theory”, “Modern

i)

Control Theory” and “Intelligent Contro” are
very important, but hard to understand cour-
ses for automation major’ s students. There
are many abstract concepts in these courses,
such as the system’ s stability, controllabili-
ty, convergence speed and anti — interference
performance, etc. Currently, many universi-
ties have carried out some education innova-
tion, trying to improve the students’ interest
through varieties of teaching methods. The
goal is raising the quality of theory teaching.
The main steps of education innovation in-
clude the following aspects:

(1) The Demo experiments are added
in class teaching via multimedia equipment

Teachers modify the PPT courseware,
insert video, photos, animations etc., by
means of multimedia technology, to stimulate
students’ interest by visual, auditory, tact-
ile, etc. The vivid teaching in classroom will
attract students to attend the teaching activi-
ty, and improve the quality of classroom
teaching effectively.

(2) Add computer — assisted instruction

By means of simulation software and
other compute tools, a lot of deduction,
graphics rendering, etc. , will be replaced by
only one or two “instractions” in program. It
will save teaching period effectively. Through

observation and analysis of simulation output
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data and graphics, it will enhance the
students’ understanding to basic theory.

(3) Offer experimental curriculum to
aid theory teaching

The using of multimedia and computer
aided instruction often cannot satisfy the
requirements of engineering courses, because
these experiments do not combine the physi-
cal plants. In recent years, due to the de-
mand of “Engineer Accreditation”, “Major
Degree Certification” in universities to, a
large number of experiments course are car-
ried out in undergraduate and postgraduate
education for assisting the theory teaching,
so that the major knowledge will link the
practical application closely. These curricu-
lums which combined with the practice
should not only make students verify the the-
oretical knowledge, but also improve the a-
bility of engineering application.

According to all above mentioned, mul-
timedia based experiment, networked experi-
ments and so on are the hotspots currently.
Developing a suitable experimental course is
an important task in universities’ in and af-
ter class experiment teaching innovation.
With years of teaching practice, if there is a
new set of device combining multimedia
teaching, online teaching, and physical ex-
periment to aim at we find that the control
curriculum, will greatly improve the teaching
and studying quality. The device will be
taken by teacher to classroom, will be exer-
cised by students after class, will be used by
researchers to test their own controller algo-

rithm repeatedly.
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Based on the idea, we designed an ex-
perimental system, which is the set of motion
control system with a simple model, and is
not only suitable for beginners, but also
allows users to develop their own experimen-
tal program. In order to achieve such teach-
ing ideas, we prepared the experiments
handout which covers all the experiments of
classical control theory. We would like to
test firstly, and believe there will be more u-
niversities to develop more suitable experi-
mental teaching tutorial for the cultivation of
engineering talents.

In order to complete the goal of “experi-
ments in teaching class, networked experi-
ment after class, creative experiments by us-
er”, we designed and implemented a set of
experimental system named “ Portable One
Freedom Robot Arm” (POFR - Arm) , which
constitutes the hardware of automatic control
experiment. In POF - Robot system, we use
DC motor as actuator, the position of the mo-
tor moved as a controlled object. In order to
observe the experimental results more conven-
iently, an “arm” is connected to the DC mo-
tor as position indicator. Single Chip Micro
computer (SCM) is used as the logical con-
trol unit to control the POFR — Arm position.

System hardware structure of POFR -
Arm is shown in Figure 1. 1.

Taking the POFR — Arm system as con-
trolled object, we designed corresponding ex-
periments course for “Automatic Control The-
ory”: Mathematical modeling experiments,
the root locus method correction experiments,

frequency method correction experiments, pole

-
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configuration experiments, PID controller de-
sign experiments, linear quadratic optimal
controller design experiments, etc. After the
training of above experiments, students have
a clear acknowledge and understanding for
classical control theory, both the principles

and the applications.
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Figure 1. 1

System Hardware Structure of POFR — Arm

1.1 ESXBEmENHEEGREENE

Note that the experimental device in
Figure 1.1, The POFR — Arm can be re-
placed completely by other experimental de-
vice, and the experimental method designed
can also be used for other controlled objects.
Here we just take the POFR — Arm shown in
Figure 1. 1 as an example to illustrate the use
of the experimental teaching tutorials.

Similarly, the designed system in Figure
1.1 just only solved the experiment problem
of being in the laboratory, limited by the time
and space; it cannot meet the user’s require-
ments of “anytime, anywhere” . So, we de-
sign a set of networked device shown in Fig-
ure 1. 2. With the appearance of this device,
the experimental object in Figure 1.1 was
posted online, which allows students to use
all types of internet tools in hands ( computer,
mobile phone, iPad, etc. ) to do the experi-

mental learning “anytime and anywhere” .
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Figure 1.2 Hardware Structure of Network Experimental System
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By the POFR — Arm, students can not on-
ly verify the theoretical knowledge taught by
teachers in class, but also design their own ex-
perimental steps to verify control algorithms.
The final results will be transmitted to PC or
mobile terminals via the Internet, so that both
the efficiency of the laboratory equipment and
students study will be improved.

The laboratory equipment’ s connecting
with “the Internet” is supported with more
mature technology, which has a familiar
With the

prosperity of intelligent mobile terminal mar-

name called “Internet of things” .

ket, we began to enter the mobile Internet era.

As an extension of the mobile Internet,
Internet of things has begun to walk into and
change our life step by step. People began to
connect traditional devices to the Internet to
achieve the “objects” of the network, through
the ubiquitous mobile network, then to achieve
the remote monitoring and operation on a

variety of devices anywhere and anytime. Remote
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(Internet Based) Control System Laboratory
(School of Automation, Beijing Institute of
Technology) , on the basis of wired network
laboratories, designed and implemented a
Embedded Web Control Terminal (EWC -T)
based on wireless network for small equip-
ment, and achieved a experimental network
platform of “Wireless + Wired” .

Based on Figure 1.1 and Figure 1.2,
we designed new experimental teaching
modes: 1) classroom experimental teaching
mode; 2) homework experimental teaching
mode; 3) multi — people interactive and dis-
cuss experimental teaching mode.

These new modes are profoundly chan-
ging the way of talents training in engineering
disciplines, and with the further application
of Internet technology, there will be more ex-
perimental mode appear in college educa-
tion.

The purpose of this book is to provide
students a new experimental platform, in
which students can complete the task of
teaching experiment originally done only in
the laboratory. Now the experimental courses
can be done by students and teachers any-
where anytime, which like your “carried —
on” textbook in your learning career.

The main contents of this book are: The
second chapter is the experimental modeling
of second — order system; The third chapter
is the root locus lead — lag compensation ex-
periment; The fourth chapter introduces the
frequency method lead — lag compensation
experiment; The fifth chapter introduces the

state space Pole assignment test; Chapter six
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introduces PID control experiments; Chapter
seven introduces linear quadratic optimal
control algorithm (LQR) control experiment ;
The eighth Chapter is the design of fuzzy
control system experiment. The ninth chapter
is the design of PID controller based on BP
neuralnetwork method. The tenrh chapter is
the experiment of controller design based on
genetic algorithm. After learning the course of
these experiments; students will have a deep
understanding of control theory in engineer-
ing applications.

The born of this book benefits from the
years of work by many post graduate
students, and thanks to the support of 985
project funds. During the 985 construction e-
quipment at the support of equipment depart-
ment of Beijing Institute of Technology, we
re — develop our purchased equipments, so
that these experimental equipments could
better serve teachers and students.

Moreover, through the development of
these experimental equipments, students’
practical and research abilities are improved

effectively.

Chapter 1  Introduction E'EE.:-EE

g

Jrikig PID #8850t 5 10 R
Tt Bk B P i 4R BT L. @ X
SEIG IRFR I 2T, 2 AR AT DU R 45
BRI 7 TR I FH A B A

AR A REW L RS 48 T 2 )@ ot
FUER TAEGR, JHHAS4E T 985 T#
LM SR R R H T R34 4b 52
FeFRTEATY 985 TR # &, AT
B SLKASMBET T It R, i
X LE S 4% B RE SIS S A R BE R 55

I R X SR A, ERSR T
FHR ST SRTRE S o



