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NAE The Engineer 2020

In the past, steady increases in knowledge has spawned
new microdisciplines within engineering. However,
contemporary challenges - from biomedical devices to
complex manufacturing systems to large systems of
networked devices - increasingly require a systems
perspective.

There will be growth in areas of simulation and modeling
around the creation of novel engineering structures.
Computer based design-build engineering...will become
the norm for most product designs, accelerating the
creation of complex structures for which multiple
subsystems combine to form a final product.



Control Education

Y

Basic knowledge for all scientists and engineers
The dilemma of emerging fields

Teach all we know

Add courses as research develops

Research driven specialization

Consequences

Too many courses, too much specialization
Difficult to get an overview

Consolidation

Learn from classic fields

Sort, evaluate, select and organize

Focus on fundamentals, insight and practical relevance
Exploit computing

Don’t forget back-on-the-envelope calculations



The Magic of Feedback - Useful Everywhere

Feedback has some amazingly good properties (know your
friends!)

» Feedback can make good systems from bad components,

» Feedback can make a system insensitive to disturbances
and component variations,

» Feedback can stabilize and shape behavior
Feedback has some drawbacks (know your enemies!)
» Feedback can cause instabilities
Importance of stability theory
» Feedback feeds sensor noise into the system



What i1s Control?
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Requirements
Architecture

System structure, sensors, actuators, computers, communication, HMI
Modeling and Simulation
Physics and data
Control Design
Algorithms and logic
Simple (PID) and advanced
Implementation
Verification and validation
Commissioning and tuning
Operation
Diagnostics, performance assessment, fault detection
Reconfiguration and upgrading



Siva S. Banda

Air Vehicles Directorate
Air Force Research Laboratory

a.banda@wpafb.af.mil

mil/information/bios/bio.asp

?biolD=4596

Dr. Siva S. Banda is the Chief Scientist of Air Vehicles Directorate,
Air Force Research Laboratory (AFRL), Wright-Patterson Air Force
Base, Ohio, USA. Dr. Banda has dedicated his career to ensuring
that the aerospace industry possesses the cutting-edge flight
control solutions essential to fielding revolutionary air and space
platforms for both military and commercial applications. He has
been a part of AFRL’s scientific professional research staff since
1981.
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Cultivate Interest

What we, scientists and educators, should do about
cultivating student interest in science, math and
engineering?

Go to the moon




Modern Universities
Are Working?

Universities are now businesses

Tenure track pushes - high volume, high dollar
Leaves undergraduate students to the side
Graduate students have less 1-on-1 advisor time

Is the curriculum current?




Tamer Basar
Electrical and Computer
Engineering
University of lllinois, Urbana

netfiles

Tamar Basar received a B.S.E.E. degree from Robert College, Istanbul,
1969, and M.S., M.Phil, and Ph.D. degrees in engineering and applied
science from Yale University, in 1970, 1971 and 1972, respectively. He
joined the University of lllinois at Urbana-Champaign in 1981, where
he is with the Department of Electrical and Computer Engineering, and
holds the positions of Swanlund Endowed Chair, Center for Advanced
Study Professor, Research Professor at the Coordinated Science
Laboratory, and Research Professor with the Information Trust
Institute.

Dr. Basar has authored or co-authored over 200 journal articles and
book chapters, and over 300 conference. His forthcoming book
Network Security: A Decision and Game Theoretic Approach,
Cambridge University Press, 2011 is due out soon. His current research




Ruth Bars

Automation & Applied
Informatics
Budapest University of
Technology and Economics

Ruth Bars graduated at the Electrical Engineering Faculty of the Budapest
University of Technology, Hungary. She received the doctor of the
university degree, and gained the Candidate of Sciences degree of the
Hungarian Academy of Sciences, and PhD degree based on research on
predictive control algorithms. Currently she is an associate professor at
the Department of Automation and Applied Informatics at the Budapest
University of Technology and Economics. Her research interests are in
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Youla parametrization is introduced in the Basic Course in Control Theory R_ Bars, Dept. of Automation and Applied Informatics, BME, Hungary

Basic Control Course

It is taught as a basic discipline at the Faculty of Electrical Engineering and
Informatics in the 5™ semester. It offers fundamental knowledge in analysis
and synthesis of continuous and sampled data control systems. The course
material has been updated recently introducing newer ideas of controller
design (e.g. YOULA parametrization).

Control via negative feedback Its equivalent for tracking
Yo Voo
e 1+CCP ) P :
RNE ¢ c=—£ Q: YOULA parameter
r 1+ CP> 1! QP
u=Qr: y=0QPr Ideal tracking if Q realizes the inverse of the process.

18th IFAC World Congress, Milano, Italy 1* of September, 2011, Special Education Session



Youla parametrization is introduced in the Basic Course in Control Theory R_ Bars, Dept. of Automation and Applied Informatics, BME, Hungary

Disturbance rejection is ensured by IMC.

YOULA

oo 1 5 p 0T
EP—H

A

But P consists of invertible and non-invertible
parts: P=P.P, .Then y=Pr+(1! Py,).
2DF extension with R, reference and R,
disturbance filters: y=R.Ar+(1! R,Py,)

A R P O
! +
P4
p!1
0-2n C=L.1A The
P 1! RP P

filters also have a robustifying effect.

18th IFAC World Congress, Milano, Ttaly

1* of September, 2011, Special Education Session



Youla parametrization is introduced in the Basic Course in Control Theory R_ Bars, Dept. of Automation and Applied Informatics, BME, Hungary

PID controller is a special case of YOULA parametrization, where €= 14 CpigP

Controller design example
1 0.1548(z+0.6065) ¢
;!

P _ !303'- R - _
The plant: P00)=55mmon 5 6=5 )" Grosem)(zr o.0069)
21 0.6065 z1 0.3679

PID controller designed for /,, " 60': C(z)=0.3074

z!'1 z
The Youla controller with R. =R, =1:
Separation of the plant to P, and P, :
(1+ 0.60652" 1)z’ 1n,t6 0.1548"1.6065
P! — - RI— = 11 1
1.6065 ; (1! 0.3679z )(1! 0.6065z )

(11 0.3679z" 1)(11 0.6065z" 1)

and €= 0.1548"1.6065
With R, =1/(1+5)! 0.9933/(z" 0.006738) and R,=1/(1+25s)! 0.1813/(z" 0.8187)

o 0.729(11 03679z')(1! 0.60657' )"

1! 0.8187z' !

18th IFAC World Congress, Milano, Ttaly 1* of September, 2011, Special Education Session



Youla parametrization is introduced in the Basic Course in Control Theory R. Bars, Dept. of Automation and Applied Informatics, BME, Hungary

Simulation results (output and control signals: blue: PID, red: Youla)

5 T T T T T T
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uYOULA red
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1** of September, 2011, Special Education Session



Youla parametrization is introduced in the Basic Course in Control Theory R. Bars, Dept. of Automation and Applied Informatics, BME, Hungary
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Antonio Bicchi

System Theory and Robotics
University of Pisa

i@centropiaggio.unipi.it

Antonio Bicchi is Professor of System Theory and Robotics at the
University of Pisa. He graduated at the University of Bolognain
1988 and was a postdoc scholar at M.I.T. A.l. Lab in 1988—1990.

His main research interests are in

* Dynamics, kinematics and control of complex mechanichal
systems, including robots, autonomous vehicles, and automotive
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Integrating Control Teaching at the European Level:
The EECI-ICO Experience

Updated: 15 June 2011,

EECI

European Embedded Contral Institute

European Embedded Control __lnsﬁiute

EECI PhD Award
EECI Graduate School on Control

New projects: vl e

HYCON2 (FP7, European Commission)
EUCLID (FP7, European Commission)
BALCON (FP7, European Commission)

WINFOWER(ANR, France)
EECliz member of ARTEMISIA B Chamber.

European Embedded Control
Institute

&

HYCONZ2

Main Instruments to Reach the
Training Objectives:

2 Organization of scientific events;
> Training;
2 Grant and Awards Initiatives

»|CO-NEH

International Curriculum Option for
Doctoral Studies Studies in Networked,
Embedded, and Hybrid Control Systems
for Complex, Distributed
Heterogeneous Systems;



The International Curriculum Option for
Complex, Distributed and Heterogeneous
Embedded Systems (ICO)

»ICO is an inter-University convention initiative among 17
universities to provide a common cultural and academic substrate
in the field by establishing a network of institutions that impose
common supplementary criteria for the participating PhD students

»|CO has been established in 2006 in the framework of the
Network of Excellence in Hybrid Control (HYCON), sponsored by
the European Commission under grant I[ST-2004-511368. A
permanent result of the project HYCON has been the creation of
the European Embedded Control Institute (EECI). Since 2008 it has
become an integral part of the activities of EECI.



2e)5 ) 1CO partners

Technische Universitat Eindhoven , Institut National Polytechnique
de Lorraine, Kungliga Tekniska Hoegskolan , Ruhr Universitat
Bochum,Universidad de Sevilla, Universita de L'Aquila,Universita di
Siena, Université de Rennes 1, Université Paris-SUD 11, University
of California, Berkeley, Universitat Dortmund, University of Patras,
University of Twente,Universita di Pisa, Universita di Cagliari,
Universidad de Valladolid, Technische Universitat Berlin.



ICO Activities 2006 - 2008

»The first cycle of ICO ended in 2008, with the 1t [ICO student
meeting in Pisa on October 7 — 9. The program included
presentations and a poster session by students, and lectures by
distinguished guests.

»During the three years 2006 — 2008 different activities were
carried on in teaching and research. Every year, the HYCON-EECI
Graduate School in Control was organized for ICO students.

» 30 students from 2006 to 2009. Up to now, 7 students graduated
under the curriculum



The New Convention: International
Curriculum Option for Doctoral Studies in
Networked, Embedded and Hybrid Control
Systems (ICO-NEH)

»In 2009, a new Convention was written and sent to all the partners for approval
»New partners were included in the Convention.

»The groups who confirmed to be ready to sign the ICO-NEH convention:
Universita di Pisa, Universita di Cagliari, University of Patras, Institut National
Polytechnique de Lorraine, Université Paris-SUD 11, Ruhr Universitat Bochum,
Universita de L'Aquila, Universidad de Sevilla, Universidad de Valladolid,
Université de Rennes 1, Universita di Pavia, DISC [including Delft University of
Technology, Eindhoven University of Technology, University of Twente, CWI
Amsterdam, University of Groningen], Universitat Dortmund, University of Lund,
Universita di Milano, Technische Universitat Berlin, Universita di Trento.

» Operational from 2011-2012



Christos Cassandras
Electrical and Computer
Engineering
Boston University

cgc@bu.edu

Christos G. Cassandras is Head of the Division of Systems Engineering and
Professor of Electrical and Computer Engineering at Boston University. He is
also co-founder of Boston University’s Center for Information and Systems
Engineering. He received degrees from Yale University, Stanford University,
and Harvard University. In 1982-84 he was with ITP Boston, Inc. where he
worked on the design of automated manufacturing systems. In 1984-1996 he
was a faculty member at the Department of Electrical and Computer
Engineering, University of Massachusetts/Amherst. He specializes in the
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Broaden our perspective of CONTROL THEORY
to a SYSTEMS AND CONTROL THEORY:
not only control a system, but build systems to be controlled

SYSTEMS AND CONTROL

CONTROL
THEORY

Christos G. Cassandras C/SE -



- Teach and educate a new generation of “system scientists” and “systems
engineers” — not just “control engineers”

- Message to students:
- learn mathematical models for understanding and designing systems

- control physical and man-made systems
- measure performance of system, improve it, seek to make it optimal

- We already do this anyway, using a control theorist’ s unique understanding of
concepts such as “dynamics” and “feedback”

- Look at all aspects of modern technology as opportunities to design and control

Increasingly complex dynamic systems
= design courses and laboratories that reflect this viewpoint

= teach system modeling beyond
X = Ax+ Bu

Christos G. Cassandras C/SE -



Sebastian Dormido

School of Engineering
National University of Distance
Education

yrmido@dia.uned.es

Sebastian Dormido was born in Jerez de la Frontera, Spain in 1946. He
received his BSc and M. S. degree in Physics from the Universidad
Complutense de Madrid in 1968 and 1969 and a PhD in Science from the
Universidad del Pais Vasco in 1971. From 1968 to 1975 he was
successively Assistant and Associate Professor at the Department of
Computer Science and Automatic Control of the Universidad
Complutense and Universidad del Pais Vasco. Since 1975 he has been Full
Professor at the Facultad de Ciencias Fisicas of the Universidad
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 The “tradeoff” between theory, applications and
computation in control engineering education

* “New audience” needs control education
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LEGO Robotics joins University and High Schood,
Research and Control Education

LEGO Mindstorms NXT -new generation cybernetic set including:
-Microcomputer NXT-brick enabling communication via USB,
Bluetooth with PC, video-camera, mobile phone, other bricks;
- Rich set of sensors: Touch, Sound, Light, Sonar, Gyro, Termo, etc
- Servomotors with encoders;
- Controlled either from a personal computer or autonomously;

- Programmed in C, Java, LabView or MATLAB based environments




39
Lego-robotics gains tremendous interest among children
from 10 to 14 years old

It makes possible:
«To motivate students to pursue study of robotics using new knowledge in

mathematics, physics, programming
*To enrich the school introductory course of informatics and cybernetics

«To start a continuous learning process «School - University» to enable the training
of future professionals




Proposed solution: Joint (IPME-SPbSU-FML#239) university-lyceum laboratogy
Cyber-Physical Laboratory: PROJECTS

Adaptive bike (algorithm:
__ i Yakubovich, IFAC WC
Students teach Kapitsa pendulum Furuta pendulum 1972)
children




OUTCOME

e |ncrease of interest of school and university students in mechatronics, robotics

41

e Growth of laboratory base and upgrade
e [ntroduction of theoretical results into teaching
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Paper Invariance and Trajectory Steering Problem
for an Autonomous Wheeled Robot by
Yakubovich, Proskurnikov,

Luchin, Melnikov accepted at CDC 2011

'

—

Demo at IEEE MSC2009 (CSM, Apr. 2010)
(Andrey Pyatygin: lyceum student in 2009, university student in 2011).

IFAC WC 2011: Invited session “Using LEGO Mindstorms NXT in Control Education
(Organizers: Marco Casini, U of Siena, Italy; Alexander Fradkov, RAS, Russia)

CHALLENGE:
How to teach control to high school and 15t year students?



Graham Goodwin
Electrical Engineering and
Computer Science
University of Newcastle

Graham.Goodwin@newcastle.edu.au
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Vladimir Havlena

Honeywell Laboratory Prague
Department of Automatic Control
Czech Technical Universi

limir.havlena@fel.cvut.cz

Professor Vladimir Havlena is a Senior
Fellow in Honeywell Prague Laboratory
(HPL) and full Professor at the Czech
Technical University of Prague.

In HPL, Dr. Havlena is a technical lead of
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Honeywell

ng reaction within seconds
» current projects - control of diesel engines for big trucks & exhaust gas after
treatment
» sampling rate of tens of milliseconds

HONEYWELL - CONFIDENTIAL File Number



Honeywell

s should definitely not omit thorough study
of the subjects covering these basic principles

HONEYWELL - CONFIDENTIAL File Number



Dr. Stephen Kahne is Professor

Stephen Kahne
Emeritus of Embry-Riddle

Embry-Riddle-Aeronautical

University Aeronautical University in
Arizona where he also served as
Chancellor. He was formerly




When | think about control engineering education in
the 215t century | must consider it based on what |
lived through in the last half of the 20t century and
the first decade of the 215t century. My PhD was
awarded in 1963 and my teaching career extended
over the period 1958 to 2009.

In my country, engineers have tended to be viewed
as “workers” who are employed for rather specific
technical tasks and have found that their tenure in
their positions are more determined by the current
project work available in the company than by the
needs of the company going forward.



| attribute much of this to a failure of engineering
students and engineering faculty to appreciate the
Importance of how to communicate in addition to
how to design.

| fear that in the United States we have failed to advance
the notion that in addition to being a competent
technical designer it is necessary to also understand how
to reach audiences of one’s work.



In college, faculty members have accepted laboratory
reports which may have contained adequate technical
analysis but entirely opaque description of the
purpose of the exercise and meaning of the results.

Industry recruiters often comment on this weakness
as they hire team members for team projects. | am
hopeful that more emphasis will be devoted to
communication skill development in the future.



Lennart Ljung
Automatic Control
Linkdpings Universitet

ljung@isy.liu.se
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Issues in Control Education

In Linkdping, lab/project work is a very essential
part of our education

Our "Labotek” has about 16000 student hour
visits per year ("labotek” = laboratory/library with
both scheduled and free work)

The lab work in important to show the value of
Mathematics.

The Project course, as well as the study profiles
have clear links to our major cross-disciplinary
research programs.




Jan Maciejowski
Department of Engineering
University of Cambridge

mm@eng.cam.ac.uk

control.e

Jan Maciejowski is a Professor of Control
Engineering in the Department of Engineering at
the University of Cambridge, England. He is Head of
the Information Engineering Division, and a
member of the Control Group. He is also the
President and a Fellow of Pembroke College,
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Professor lven Mareels obtained the (ir) Masters of Electromechanical
Ive n M aree I S Engineering from Gent University Belgium in 1982 and the PhD in

a 2 2 . Systems Engineering from the Australian National University, Canberra,
Blomed |caI Engl neermg Australia in 1987. Since 1996, he is a Professor of Electrical and

U ] ive rsity Of |V|e| bou rne Electronic Engineering in the Department of Electrical and Electronic
Engineering, the University of Melbourne. In June 2007, he became
Dean of the Melbourne School of Engineering.

se|ls@unimelb.edu.au
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Roberto Tempo
|IEIT-National Research Council
Politecnico de Torino

Roberto Tempo graduated in Electrical Engineering at Politecnico di Torino, Italy, in
1980. After a period spent at the Dipartimento di Automatica e Informatica,
Politecnico di Torino, he joined the National Research Council of Italy (CNR) at the
research institute IEIIT, Torino, where he is a Director of Research of Systems and
Computer Engineering since 1991. He has held visiting and research positions at
Kyoto University, The University of Tokyo, University of Illinois at Urbana-
Champaign, German Aerospace Research Organization in Oberpfaffenhofen and
Columbia University in New York.

http://staff.polito.it/roberto.tempo/pagerank.htm
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Control Design of Unmanned Aerial Vehicles
(UAV5s)

Roberto Tempo

IEIIT-CNR
Politecnico di Torino

tempo(@polito.it

IFAC Education Session, Milano © RT 2011




UAVs for Fire Prevention and Natural

Disaster Recognition
l | | | | | | | | | | L 1L 1 E kI

» Activity supported by the Italian Ministry for Research
within a National Project

» Objective: Research and educational

» Research groups in control, acrospace, communication,
computer engineering and government agency for fire
surveillance and patrol located in Sicily

» Task: Construct aerial platform for remote piloting and
autonomous flight

» Various sensors and two cameras (color and infrared)
*» Speed: 10-17 m/s, flight endurance of 40 min

IFAC Education Session, Milano © RT 2011
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IENT-CNR
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<+ MH1000 < Ground station
<+ Wingspan:1 m; weight: 1.5 Kg < Communication protocols/software

K|

Platform based on the MicroHawk configuration developed at Department of
Aerospace Engineering, Politecnico di Torino

IFAC Education Session, Milano © RT 2011



Prototype Manufacturing Performed
by Students - 1

IEIIT-CNR
I | | | | I C 1 1 10O e E|
raw material
glue
N epoxy resin
= plywood +0 |
i carbon fiber
polistyrene -

& g
\
X

IFAC Education Session, Milano © RT 2011




(= Prototype Manufacturing Performed
| by Students - 2

IEIIT-CNR
| | | | | I I 1] B E

working instruments

IFAC Education Session, Milano ©RT 2011



Prototype Manufacturing Performed
by Students - 3

easy and cheap construction
rapid manufacturing

bad model reproducibility
Inaccurate geometry

IFAC Education Session, Milano © RT 2011




Right Turn and Landing

L. Lorefice, B. Pralio and R. Tempo, “Randomization-Based Control Design for
Mini-UAVs,” Control Engineering Practice, 2009

IFA C Education Session, Milano © RT 2011



MH2000: Monitoring

Archaeological Sites
IEIIT-CNR
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IFAC Education Session, Milano ©RT 2011




MH2000: Monitoring

Archaeological Sites
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Archaelogical Site Monitoring, F. Quagliotti and ITHACA (2008)

IFAC Education Session, Milano ©RT 2011



Ljubo Vlacic

School of Engineering
Griffith University

acic@griffith.edu.au

Professor Ljubo Vlacic is a member of Griffith University’s School of
Engineering and Director of its Intelligent Control Systems Laboratory. His
career has included a number of positions with both industry and
academia. This experience includes the design, development, field-testing
and deployment of a variety of sophisticated electronic devices for
industrial control applications as well as senior management positions such
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Proposition

In an effort to make the discipline of control more attractive to
students we often introduce this subject as an enabling
technology in the context of embedded electronic systems,
Intelligent robots, mechatronic systems, advanced
communication systems, space technology, etfc.

While this approach works well in promoting the field of control
and attracting students to the discipline, it however raises
numerous questions such as:

Wy Griffith TIETET Gaems Laborairy

UNIVERSITY



Proposition

« are we going to fall into the trap of being technology driven
and thus, in the long term, start losing analytical problem
solving skills?

« do we need to worry about these changes or, maybe, even
strongly support them?

« more and more students want to access innovative courses,
on line preferably; do we need an on-line control course too,
iIncluding on-line tutorials and on-line labs? If so, how should
its content be addressed?

LL. ”J Griffith -[Iﬁms-[_]—» Intelligent Control

UNIVERSITY Systems Laboratory
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