ECE 1673: Linear Control Systems (4 Credits, Spring 2009)

Lecture 1: Course Organization and
Introduction to Feedback Control

January 5, 2009

Instructor: Zhi-Hong Mao
Assistant Professor of ECE and Bioengineering
University of Pittsburgh, Pittsburgh, PA

Course description

« This course is concerned with both analysis and
design of feedback linear control systems
— Analysis: system modeling, sensitivity, and stability
— Design: time domain techniques (root locus analysis)
and frequency domain techniques (Bode plots and
Nyquist theory)

Introduction to other topics in modern control design
Four Matlab/Simulink labs

Time

¢ Lecture hours

— Monday 9:00 am-10:15 am and Wednesday 9:00 am-
10:15 am

e Lab hours

— Monday 10:15 am-10:50 am and Wednesday 10:15
am-11:50 am

— You may use other times for the labs

Personnel

¢ Instructor: Dr. Zhi-Hong Mao
— (Office) 434 Benedum Hall,
— (Email) maozh@engr.pitt.edu
— (Phone) 412-624-9674

— (Office hours) Monday 11:00 am-12:00 pm and
Tuesday 4:00 pm-6:00 pm; visits at other times are
also welcome

Reading material

¢ Text book
— Charles L. Phillips and Royce D. Harbor, Feedback Control
Systems, 4th Edition, Prentice Hall, Upper Saddle River, NJ,
2000
* Lecture notes
— To be posted on http://www.engr.pitt.edu/electrical/faculty-
staff/mao/1673/
e Email list
— Important or emergent notice will be sent to you via emails

— Please provide me an email address that is most convenient with
you

Course evaluation

¢ Homework: 15% (late homework will not be
accepted)

¢ Lab report: 20%
e Quiz I: 15%
e Quiz Il: 15%
¢ Final exam: 25%

¢ Class participation: 10% (we will randomly have
in-class quizzes)




What is control system?

* Generally speaking, a control system is a system that is
used to realize a desired output or objective

What is control system?

« Generally speaking, a control system is a system that is
used to realize a desired output or objective
Open-loop control systems
System Manipulated System
input variable output
Controller Plant

— Closed-loop control systems (this is what we are most
interested in for this course)
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What is control system?

* Generally speaking, a control system is a system that is
used to realize a desired output or objective

— Open-loop control systems

System Actuating System
|}r,15put ‘ | signal ‘ | o}tﬁput
| Controller| | Plant|

What is control system?

Generally speaking, a control system is a system that is used to realize a desired
output or objective

System Manipulated
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« Definition of a closed-loop, or feedback, control system
— Plant: part of the system to be controlled
— Sensor: used for the measurement of a variable

— Controller (or compensator): used to obtain satisfactory
characteristics for the total system
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What is control system?

Generally speaking, a control system is a system that is used to realize a desired
output or objective

Definition of a closed-loop, or feedback, control system

« Examples of feedback control systems
— Temperature-control systems
— Human-machine systems
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What is control system?

Generally speaking, a control system is a system that is used to realize a desired
output or objective

Definition of a closed-loop, or feedback, control system
Examples of feedback control systems

« Advantages of feedback

— Feedback allows high performance in the presence of
uncertainty

— Feedback allows the dynamics of a system to be modified
« One major disadvantage of feedback
— It may create instability
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Features of control and applications

¢ Control systems are everywhere

— They appear in our homes, in cars, in industry, in
scientific labs, and in hospital

— Principles of control have an impact on diverse fields
as economics, biology, and medicine

— Wide applicability of control has many advantages
(e.g., it is a good vehicle for technology transfer)
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Features of control and applications

Control systems are everywhere

¢ Control is inherently multidisciplinary
— A typical control system has several components

— Analysis and design of control systems require domain
knowledge about the particular process to be controlled

— Multidisciplinary nature of control has created some
difficulties for educators
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Features of control and applications

Control systems are everywhere
Control is inherently multidisciplinary

« Team work is essential in control
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Why an engineer should know control

« Practically all engineers will use control
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Why an engineer should know control

Practically all engineers will use control
« Control is an essential element of almost all
engineering systems
— It happens very often that systems perform poorly
because they are designed from purely static

analysis, with no consideration of dynamics and
control
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Why an engineer should know control

Practically all engineers will use control
Control is an essential element of almost all engineering systems

« Control can give designers extra degrees of
freedom
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Why an engineer should know control

Practically all engineers will use control
Control is an essential element of almost all engineering systems
Control can give designers extra degrees of freedom

« Control has beautiful theoretical results and
really neat devices
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An example of
control
application in
aeronautics

» Wright brothers
realized that control
was a key issue to
enable flight Control
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An example of control’s application in
aeronautics

« Wright brothers realized that control was a key issue to
enable flight Control

“Men already know how to construct wings or airplanes,
which when driven through the air at sufficient speed, will not
only sustain the weight of the wings themselves, but also that
of the engine, and of the engineer as well. Men also know
how to build engines and screws of sufficient lightness and
power to drive these planes at sustaining speed ... Inability to
balance and steer still confronts students of the flying
problem. ... When this one feature has been worked out, the
age of flying will have arrived, for all other difficulties are of
minor importance.”

¥ Quote from a lecture by Wilbur Wright to the n

Western Society of Engineers in 1901

An example of control’s application in
aeronautics

Wright brothers realized that control was a key issue to enable flight Control
« Compromise between stability and maneuverability
(controlling unstable aircraft)

22

An example of control’s application in
aeronautics

*  Wright brothers realized that control was a key issue to enable flight Control
Compromise between stability and maneuverability

« Controlling unstable aircraft

(b) Statically stable; neutral dynamic stability.

s o

(¢) Statically stable; dynamically unstable.

(€) Neutral static stability.
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An example of control’s application in
aeronautics

Wright brothers realized that control was a key issue to enable flight Control
Compromise between stability and maneuverability
Controlling unstable aircraft

¢ Autopilot
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In this photo, Lawrence Sperry, Elmer's son, and brave French mechanic
Emile Cachin demonstrate their stabilized flight near Paris in 1914 as Sperry
raises his hands with Cachin walking on the wing. 26

An example of control’s application in
aeronautics

Wright brothers realized that control was a key issue to enable flight Control
Compromise between stability and maneuverability

Controlling unstable aircraft
Autopilot

¢ Autonomous systems
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Quoted from article in New York Times on September 23, 1947,
describing the first fully automatic transatlantic flight:

“Robot-Piloted Plane Makes Safe Crossing of
Atlantic
—No Hand on Controls From Newfoundland to
Oxfordshire—Take-off, Flight and Landing Are Fully
Automatic
By Anthony Leviero

Wabhsington, Sept. 22

A Douglas C-54 Skymaster with a mechanical brain landed withogit

human aid near London today after a robot directed hop from
Newfoundland...”
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Control is not confined to engineering

« The concepts of feedback and control are
essential in understanding biological systems
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Control is not confined to engineering

« The concepts of feedback and control are
essential in understanding biological systems

“Feedback is a central feature of life: All organisms share the ability
to sense how they are doing and to make changes in ‘mid-flight’ if
necessary. The process of feedback governs how we grow, respond
to stress and challenge, and regulate factors such as body
temperature, blood pressure and cholesterol level. This apparent
purposefulness, largely unconscious, operates at every level--from
the interaction of proteins in cells to the interaction of organisms in
complex ecologies.”

¥ A quote from the book Way Life Works: The Science Lover's
lllustrated Guide to How Life Grows, Develops, Reproduces, and
Gets Along, by Mahlon Hoagland and Bert Dodson 3o




Control is not confined to engineering
« The concepts of feedback and control are

essential in understanding biological systems
— A simple experiment
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Control is not confined to engineering

« The concepts of feedback and control are
essential in understanding biological systems

— A simple experiment
— Biological controllers outperform modern robots in
many aspects
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Control is not confined to engineering

« The concepts of feedback and control are
essential in understanding biological systems

A simple experiment
Biological controllers outperform modern robots in many aspects

— However, after we grasp the principles ...
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Control is not confined to engineering

The concepts of feedback and control are essential in understanding biological
systems

¢ Control is also useful in medical systems
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Short history of control

« Keeping accurate track of time
— Water clock (Ktesibios, 270 BC)
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Short history of control

Keeping accurate track of time
* Industrial revolution

— Temperature regulator for furnace (Drebbel, 1624)
— Float regulator for steam boiler (Brindley, 1758)
— Pressure regulator for steam engine (Papin, 1707)
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Short history of control

Keeping accurate track of time
Industrial revolution

Birth of mathematical control theory

— Differential equations for telescope pointing (Airy,
1840)

— Stability theory for Watt's flyball governor (Maxwell,
1868)

— System theory of organic mechanism (Whitehead,
1925)
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Short history of control

Keeping accurate track of time
Industrial revolution
Birth of mathematical control theory

¢ Mass communication

— Frequency domain analysis for communication
systems (1920’s, Bell Telephone Laboratory)

a1

Short history of control

Keeping accurate track of time
Industrial revolution

Birth of mathematical control theory
Mass communication

World Wars and classical control
— Ship control (Minorsky, 1922)

— Weapons development and gun pointing (Hazen,
1934)

— MIT radiation laboratory (1940’s)
— Stochastic analysis (Wiener, 1942)
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Short history of control

Keeping accurate track of time
Industrial revolution

Birth of mathematical control theory
Mass communication

World wars and classical control

¢ Space/computer age and modern control
— Time-domain design for nonlinear systems
— Optimal control and estimation theory
— Nonlinear control theory
— Computers in controls design and implementation
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Short history of control

Keeping accurate track of time

Industrial revolution

Birth of mathematical control theory
Mass communication

World wars and classical control
Space/computer age and modern control

« Union of modern and classical control
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Some suggestions on the course study

« Pay enough attention (control theory is very
interesting, very useful, but sometimes, very
difficult)

« Practice, practice, and practice
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