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TRIP TO BOSTON FOR PARTICIPATION IN CACSD ’83

Karl Johan Astrém

This report summarizes experiences and
conclusions from participation in the second
IEEE Computer Aided Control Systém Design
Symposium. The travel was supported by STU
under contract No 83-5184.
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1. INTRODUCTION

There is a growing interest in computer alded design tools for control system
englneering. This symposium was the 2nd symposium in this field arranged by
the IEEE. Although we have done extensive research in this area we did not
have possibilities to participate in the first symposium due to luck of funds.
This time STU has generously provided travel support. The motivation for
this is the planned program (ramprogram) in the field. The background for the
symposium is summarized in Appendix A. The program for the symposium is
listed in Appendix B. There were extremely good facilities for demonstration
in the Kresge auditorium at MIT, where General Electric had supplied
equipment for projection of colour video pictures on a big screen. There were
about 300 participants. It was clear that the area now attracts substantial
industrial interests. The participants, which are listed in Appendix C, were
evenly distributed among industry and university. A list of participants is
given in Appendix C. It is interesting to see from the program that there was
an attempt to bringing in people from neighbouring fields, for example
computer science and computer graphics. There were also presentations of the

major projects.

2. PRESENTATIONS

The Department of Automatic Control at Lund Institute of Technology gave

two presentations:

K.J. Astrém:

"Computer aided control systems engineering - a tool for more realistic
teaching"

H. Elmgvist:
"A graphical system for modeling and implementation of control systems"”

The first lecture presented experiences from using Simnon in teaching. Live
Simnon presentation was also given. The demonstrations went very well. The
second demonstration dealt with results from the project LICS, which is
supported by STU under project number 83-3647. This presentation went very
well too in spite of the fact that the software was moved to an Apollo

computer in a very short time and that special hardware was also brought



over for the demonstration. The list of the viewgraphs for my presentation is

given in Appendix D.

3. VISIT TO SSI

There were several companies who expressed an interest in commercial
exploitation of our software. A preliminary screening indicated that
Scientific Systems Inc. in Cambridge Mass was the most suitable partner. We
visited them on two occasions to discuss possibilities for them to market the
software in USA. We agreed that SSI should send us a business plan with a
proposal to be evaluated by STU. This has been followed up and we have
succeeded to team up SSI with Processdata AB in Nyn3Ashamn to secure that
Swedish industry will be involved. Discussion of contract proposals are now

under way.

4. OTHER ACTIVITIES

In connection with the trip I was also invited to present a lecture at MIT on
"Automatic tuning of simple regulators". I also had the possibility to attend a
lecture series by professor Jacob Schwartz at Harvard University. A

presentation of this is included in Appendix F.

5. CONCLUSIONS

The visit was very worthwhile. It was encouraging to see that there is still a
considerable interest in our software developed under STU-contracts 73-3553,
75-2776 and 77-3548. We were delighted to see that these results were still in
the forefront of the field, in spite of the fact that this research results are
now quite old. It was also very encouraging to see the reception of the
graphics facilities developed by Hilding Elmqvist. This is way ahead of any
other graphics in the control systems field. The meeting with SSI may also

open up the possibilities for seriously marketing our software.
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APPENDIX A - BACKGROUND

THE SYMPOSIUM

Computer-Aided Control System Design (CACSD) has
begun to emerge as an indispensable tool for the control
system engineer. A CACSD capability, not only frees the
engineer from routine and mundane tasks but also pro-
vides a vehicle whereby complex algorithms or control
methodologies are made available to and usable by those
unfamiliar with the myriad of details that make the CACSD
software efficient. A good CACSD system draws on exper-,
tise from many disciplines including aspects of computer
science, computer engineering, appiied mathematics (for
example, numerical analysis and optimization), as well as
control system engineering. The need for such breadth is
partially responsible for the paucity of high quality CACSD
software today.

One way of fostering a more mature CACSD discipline is to
hold a number of workshops or symposiums which are
focused on some of the more pertinent topics such as
numerically stable algorithms, programming languages,
graphic displays, new design procedures, man-machine
interfaces, data-base management, control software
engineering, and architectures for CACSD packages.

In May 1981, H.A. Spang Il organized the first CACSD
workshop in Schnectady and Troy, New York under the
sponsorship of General Electric and Rensselaer
Polytechnic Institute. As a result of this highly successful
workshop, the Administration Committee of the IEEE Con-
trol Systems Society approved the formation of a Technical
Committee on CACSD and appointed H.A. Spang Ill as the
Chairman in June 1981. The Technical Committee was par-
titioned into two subcommittees: a subcommittee on "algo-
rithms'" with A.J. Laub as Chairman and a subcommittee
on ‘‘design’’ with C.J. Herget as Chairman.

A Program Committee consisting of C.J. Herget (Chair-
man), A.J. Laub, E. Polak and D.Q. Mayne then organized
the Berkeley Workshop which was held at the University of
California, Berkeley in April 1982, The Berkeley Workshop
was sponsored by the IEEE Control Systems Society which
highlighted various aspects of that meeting in the Decem-
ber 1982 special issue of the Control Systems Magazine.
As part of the Berkeley workshop, a strong computer
science flavor was injected into some of the sessions. This
was enhanced by live presentations of design packages
and computer graphics. Some of the demonstrations were
run on computers at Berkeley, while most were linked to a
computer at the speaker's home institution via telephone
lines and modems. The audience was able to watch the
presentations by using a television projection system to
project the terminal’s video output onto the auditorium
screen.

A motion was subsequently passed at the June 1982
Administration Committee meeting which established a
Steering Committee consisting of C.J. Herget, AJ. Laub,
and H.A. Spang |l to administer and direct further

“*Symposia on CACSD’' on a continuing basis under the
auspices of the IEEE Control Systems Society.

This symposium responds to the rapidly growing interest
within the IEEE Control Systems Society to develop new
control technology through CACSD for the 1980s and
beyond. The symposium will encompass two mutually
complementary themes:

* Live demonstrations of CACSD packages using a large
screen projection television set.

* Papers contributed on recent developments of relevance
to CACSD.

The main objectives of the symposium are:

* To provide a forum for control system engineers to
exchange ideas and discuss recent developments on con-
trol system design packages, algorithms, languages, data-
base management, graphics, and computer system
hardware.

= To explore the application of interactive computation and
graphics.

¢ To identify future needs and trends in CACSD.
ORGANIZING COMMITTEE

Mr. Robert R. Strunce, Jr. (Chairman)
The Charles Stark Draper Laboratory, Inc.

Professor Michael Athans
Massachusetts Institute of Technology

Dr. Charles J. Herget
Lawrence Livermore National Laboratory

Professor Alan J. Laub
University of Southern California

Dr. H. Austin Spang, 11l
General Electric Research & Development Center
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WEDNESDAY, SEPTEMBER 28

8:30

Registration in the Lobby of Kresge Auditorium

9:00

INTRODUCTION
Chair: R. Strunce
The C.S. Draper Laboratory, Inc.

WELCOME
C.S. Draper
The C.S. Draper Laboratary, Inc.

Improving The Quality and Productivity of the Control
System Design Process

M. Athans

Massachusetts Institute of Technology

10:00

Break

10:30

11:30

MODELING, IDENTIFICATION AND CONTROL

Chair: A.J. Laub
University of Southern California

KEDDC—A Computer-Aided Analysis and Design
Package for Control Systems

Chr. Schmid

Ruhr-Universitat Bochum

Federal Republic of Germany

Interactive Design and Evaluation of Advanced Space-
craft (IDEAS) Computer-Aided Design System

L.B. Garrett

NASA Langley Research Center

12:00

Lunch

1:30

2:00

2:30

INTERFACE CONCEPTS

Chair; P. Houpt
Massachusetts Institute of Technology

User Interfaces for CACSD
H.A. Spang |l
General Electric Company

Functional System Architecture for Advanced
Interactive CAD/Control Design and Analysis
L.J. Marggraff

ROLM

Concepts and Requirements for Multivariable Contro!
Design Anatysis Package

S. Pratt

Honeywell, Inc.

3:00

Break

3:30

4:00

4:30-
5:00

ADA LANGUAGE AND MICROPROCESSOR
UTILIZATION

Chair: A, Levis
Massachusetts Institute of Technology

ADA integrated Environment Overview
M. Ryer
Intermetrics

Distributed Software for Embedded Computer Systems
—An Experience with ADA

S. Fujita

Tokyo Institute of Technology, Japan

Concurrent Computing With Microprocessors
E. Ducot and V. Klema
Massachusetts Institute of Technology

5:30-
7:00

Reception

® Demonstration



THURSDAY, SEPTEMBER 29

8:30

9:00

9:30

INTERACTIVE CONTROL DESIGN

Chair: R. Walker
Integrated Systems, Inc.

“LSD" A Conversational Program for Linear System
Design
B. Friedland
The Singer Company, Kearfott Division

® Two Interactive Programming Packages for Control
Systems
M. Jamshidi
University of New Mexico

On the Development of Electrical Engineering Analysis
and Design Software for an Engineering Workstation
G.K.F. Lee

Colorado State University

H. Elliott

University of Massachusetts

10:00

Break

10:30

DELIGHT MIMOQ Project

Chair: D. Frederick
Renssalaer Polytechnic Institute

® An Interactive Multivariable Contro! System Design
Package
E. Polack
and the University of California, Berkeley team
D.Q. Mayne
and the Imperial College London team
C.J. Herget
and the Lawrence Livermore National Laboratory team

12:00

Lunch

1:30

2:15

CACSD WORKSTATION DEMONSTRATION

Chair: C.J. Herget
Lawrence Livermore National Laboratory

@ A Control Design Workstation
S.C. Shah, R.A. Waiker and D.B. Varvell
Integrated Systems, Inc.

® CTRL-C: A Workbench for the Computer-Aided Design of
Multivariable Control Systems
A. Emami-Naeini, J. Little, S. Bangert
Systems Control Technology, Inc.

3.00

Break

3:30

4:00

4:30

ALGORITHMS

Chair: T. Johnson
Bolt Beranek and Newman Inc.

RICPACK: Algorithms and Software for Matrix Riccati
Equation

W.F. Arnold and A.J. Laub

University of Southern California

An Algorithm for Eigenvalue Assignment in Multi-Input
Systems

R.V. Patel '

Concordia University, Canada

Inner-Outer Factorization of Rational Matrices
B-C Chang and J.B. Pearson
Rice University




FRIDAY, SEPTEMBER 30

GRAPHICS

Chair: S. Bly
Lawrence Livermore National Laboratory

8:30 Graphical Interfaces to Data
C. Herot
Computer Corporation of America

9:00 Use of Interactive Graphics for Controlling Complex
Processes .
B. Roberts
Bolt Beranek and Newman Inc.

9:30 Speﬂech, Gesture, and Graphical Context
R. Bolt
Massachusetts Institute of Technology

10:00 Break

COMPUTER-AIDED CONTROL SYSTEM ENGINEERING
DEMONSTRATIONS

Chair: M. Athans
Massachusetts Institute of Technology

10:30  ® Computer-Aided Control Systems Engineering—A Tool
for More Realistic Teaching
K.J. Astrdm and B, Wittenmark
Lund Institute of Technology, Sweden

11:30 e A Graphical System for Modeling and Implementation of
Control Systems
H. Eimqvist
Lund Institute of Technology, Sweden

12:00 Lunch

FUTURE DIRECTIONS IN CASCD

Chair: H.A. Spang lii
General Electric Company

1:30 Second-Generation Software Plan for Computer-Aided
Control System Design
J.H. Taylor
General Electric Company
A.G.J. McFarlane
Cambridge University, England
D.K. Frederick
Renssalaer Polytechnic Institute

2:00 Flight Dynamics Laboratory Perspectives on CACSD
S. Larimar
AFWAL Flight Dynamics Laboratory

2:30 Future Directions and Needs in CACSD:
A View From the Chemical Industry
R. Pearson
E.l. duPont de Nemours & Company

3:00 The DOE/EES/ORNL CACSD Development Effort:
An Overview
J.D. Birdwell
The University of Tennessee
S. Bly
Lawrence Livermore National Laboratory
AJ. Laub
University of Southern California

3:30 Break

4:00- WRAP-UP AND INFORMAL DISCUSSIONS

5:00 Chair: R. Strunce
The C.S. Draper Laboratory




APPENDIX C - LIST OF PARTICIPANTS

10



11

Computer-Aided Control Systems Design Symposium

28 - 30 September 1983

LIST OF PARTICIPANTS

ARNOLD, WILLIAM
Naval Weapons Center
China Lake, CA 93555

ASTROM, K.J.

Lund Institute of Technology
Department of Automatic Control
P. O. Box 725

S-220, 07 Lund 7, Sweden

ATHANS, MICHAEL
- Department of Electrical Engineering
and Computer Science
Massachusetts Institute of Technology
Room 35-406
Cambridge, MA 02139

AUBRUN, JEAN-NOEL

Lockheed Missiles & Space Company
Research & Development

3251 Hanover Street

0/52, B/205

Palo Alto, CA 94304

AZEVEDO, STEVE

Lawrence Llvermore National Lab
P. O. Box 808, L-156

Livermore, CA 94550

BANGERT, S.

Systems Control Technology, Inc.
1801 Page Mill Road

Palo Alto, CA 94304

BATTSTONE, PATRICK
C. S. Draper Laboratory
555 Technology Square
Cambridge, MA 02139

BELANGER, P.R.

McGill University

Department of Electrical Engineering
3480 University Avenue

Montreal, Quebec H3Z 1J4

Canada

BENNETT, JACK
Systolic Systems, Inc.
1550 La Pradera Drive
Campbell, CA 95008

BERNSTEIN, DENNIS S.
Lincoln Laboratory

P. O. Box 73
Lexington, MA 02173

BIRDWELL, J. DOUGLAS
University of Tennessee
Knoxville, TN 37996-2100

BLY, S.

Lawrence Livermore National Laboratory

P. O. Box 5504, L-156
Livermore, CA 94550

BOLT, RICHARD

Department of Architecture
Massachusetts Institute of Technology
Room 9-526

Cambridge, MA 02139

BOUSTANY, NADER

General Motors Research Labs
Technology Center

Warren, Ml 48090-9055

BRENNAN, TERRY J.

The Aerospace Corporation
M4/971 P. O. Box 92957
Los Angeles, CA 90009

BUKOW, GEORGE J.

C. S. Draper Laboratory
555 Technology Square
Cambridge, MA 02139

BUSSEY, HAROLD

C. S. Draper Laboratory

555 Technology Square, M/S 29
Cambridge, MA 02139

CASSIDY, JOHN F., JR.
Control Systems Society
General Electric Company
P. O. Box 43 :
Schenectady, NY 12345

CAUTIS, DAN

Priam Corporation

20 West Montague Expressway
San Jose, CA 95134



CHANG, B-C

Rice University

Department of Electrical Engineering
Houston, TX 77251

COCKETT, ROBIN
University of Tennessee
Knoxville, TN 37996-2100

CORLEY, RALPH

General Electric Aircraft Engine
390 Oliver Road

Cincinnati, OH 45215

DOWLING, EDWARD F,
Babcock & Wilcox Company
P. O. Box 1260
Lynchburg, VA 24505

DUCOT, E.

Laboratory for Information and Decision
Systems

Massachusetts Institute of Technology

Room 35-410A

Cambridge, MA 02139

DRAPER, CHARLES S.
C. S. Draper Laboratory
555 Technology Square
Cambridge, MA 02139

EDMUNDS, J. M.

U.M.L.S.T.

Control Systems Centre
Sackville Street .
Manchester M60 1QD, England

ELLIOT, H.

University of Massachusetts

Department of Electrical and Computer
Engineering ,

Amherst, MA 01003

ELMQVIST, HILDING

Lund Institute of Technology
Department of Automatic Control
P. O. Box 725

S-220 07 Lund 7, Sweden

EMAMI-NAEINI, ABBAS

Systems Control Technology, Inc.
1801 Page Mill Road

Box 10180

Palo Alto, CA 94303
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FOLKERTS, CHARLES H.
General Motors Research Labs
Warren, Ml 48090-9055

FREDERICK, DEAN K.

Department of Electrical, Computer,
and Systems Engineering

Rensselaer Polytechnic Institute

Troy, NY 12181

FRIEDLAND, B.

The Singer Company

Kearfott Division

1150 McBride Avenue
Little Falls, NJ 07424

FUJITA, SHOHEI

Department of Computer Science
Tokyo Institute of Technology
Meguro-ku, Tokyo 152, Japan

GARRETT, L.B.

NASA Langley Research Center
M/S 364

Hampton, VA 23665

DE GASTON, RAYMOND R.E.
University of Southern California
Aerospace Corporation

Torrance, CA 90505

GAVEL, DON

Lawrence Livermore National Laboratory
University of California

Box 808

Livermore, CA 94550

GINTER, STEVEN D.

C. S. Draper Laboratory
555 Technology Square
Cambridge, MA 02139

GRANT, REGINALD T.
Grumman Aerospace Corporation
M/S B21-35

Bethpage, NY 11714

HAWK, JOHN F.

Hughes Aircraft Company

Space and Communications Group
Building S12/V362

P. O. Box 92919 - Airport Station
Los Angeles, CA 90009

HAWLEY, PATRICIA A.
JHU Applied Physics Laboratory

Johns Hopkins Road
Laurel, MD 20707



HEATH, MICHAEL T.
Oak Ridge National Laboratory
Oak Ridge, TN 37830

HELLER, ROBERT
University of Tennessee
Knoxville, TN 37996-2100

HERCET, CHARLES

Lawrence Livermore National Lab
Box 808, L-156

Livermore, CA 94550

HEROT, CHRISTOPHER
Computer Corporation of America
Four Cambridge Center
Cambridge, MA 02142

HEWER, GARY A.
Naval Weapons Center
China Lake, CA 93555

HOUPT, PAUL K.

Department of Mechanical Engineering
Massachusetts Institute of Technology
Room 35-318

Cambridge, MA 02139

HOWERTER, EDWARD D.
Emhart Corporation, CTI
181 Elliott Street
Beveriy, MA 01915

HYLAND, WAYNE W.
Control Systems Society
2691 Elane Drive

Lower Burrell, PA 15068

JAMSHIDI, M.

University of New Mexico

Department of Electrical and Computer
Engineering '

Albuquerque, NM 87131

JOHNSON, T.

Bolt Beranek and Newman Inc.
10 Moulton Street

Cambridge, MA 02238

KASTEN, ROBERT E.
Deere and Company
Technical Center
Moline, IL 61265

KLABUNDE, RICHARD
Naval Weapons Center
China Lake, CA 93555
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Applied Physics Laboratory
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LATIMER, DAVID
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555 Technology Square
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LAUB, A.J.

University of Southern California

Department of Electrical Engineering
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Room 422 - Powell Hall
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LAW, STEPHEN

Garett Manufacturing Ltd.

255 Attwell Drive

Rexdale, Ontario M9W 5B8, Canada

LEE, GORDON, K.F.

Department of Electrical Engineering
Colorado State University

Fort Collins, CO 80523

LESIEUTRE, GEORGE
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2485 McCabe Way
lrvine, CA 92714
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United Technologies

109 Paradise Harbor Boulevard
North Palm Beach, FL 33408
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Systems
Massachusetts Institute of Technology
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. INTRODUCTION

REVIEW OF TOOLS
STHNON

EXAHPLES

FUTURE DIRECTIORNS

CONCLUSTIONS
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4} MORE REALIST\C EYAMPLES
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Hiql \'vv*ueu.aj lymaunice

fb Loow. AT PROBLEMS Mot
EASILY AMENABLE To
AN ALYSLS

Etfecs ok campling vales
Tw levcample bewquiour

<> MobeL Lisearies
Hiq W \-ide\}lw\ models
Desiqu on &1 wple wodefs
validehow o veulishe wedels

Re producabi ¢
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EXPERIENCES

AT OUR OWN DEPARTMENT
ELEMENTARY COURSES
ADVANCES COURSES
PROJECTS
RESEARCH
Book WRITING
MoDEL LIBRARY

AT OTHER DEPARTMENTS
CONTROL DEPARTMENTS
MATHEMATICS DEPARTMENTS
STATISTICS DEPARTMENTS

IN INDUSTRY

PORTABILITY

HARDWARE REQUIREMENTS
EDUCATIONAL REQUIREMENTS
SPECIAL FEATURES

9 p.&jysw\ - W\.HU\WQV"L
C_ow\pu,(or-CoufW((d %Sk““s

Tweowy & Desigu.
Reubce Hat |9 E&Y
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INTRAC

ONE MODULE FOR INTERACTION COMMON
TO ALL PACKAGES

COMMAND ORIENTED

INITIATIVE STAYS WITI-‘i‘ USER BUT MAY BE TRANSFERED
TO COMPUTER WHEN NEEDED

FEATURES
ARGUMENTS
LOCAL AND GLOBAL VARIABLES
INPUT-OUTPUT, NUMBERS AND GRAPHS
CONTROL OF PROGRAM FLOW
SIMPLIFIED DIALOG
Macro FACILITY

STRUCTURE

(’?::"C\\l
k/\o D e ——— man
VA
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EXAMPLES OF PACKAGES

SIMNON

INTERACTIVE SIMULATION LANGUAGE FOR NONLINEAR CONTINUOUS
AND DISCRETE TIME SYSTEMS WITH FACILITIES FOR OPTIMIZATION
AND USE OF EXPERIMENTAL DATA

IDPAC

INTERACTIVE LANGUAGE FOR IDENTIFICATIbN OF LINEAR SYSTEMS

USING PARAMETRIC AND NON PARAMETRIC (COVARIANCES SPECTRA)
METHODS

SYNPAC

STATE SPACE ORIENTED DESIGN PACKAGE FOR LINEAR SYSTEMS
WHICH INCLUDES LQG, POLEPLACEMENT AND ROBUST DESIGNS
FOR DISCRETE AND CONTINUOUS SYSTEMS

MODPAC

ANALYSIS AND TRANSFORMATIONS OF MODELS

POLPAC

POLYNOMIAL ORIENTED ANALYSIS AND DESIGN PACKAGE

LISPID

DYMOLA
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HIGH LEVEL PROBLEM SOLVING
LANGUAGES

< VOCARULARY
WORDS, DATA OB TECTS

P COMPOSITION RULES
OPERATORS, GRAMMAR, SYNTAX

MEAMING
SEMANTICS

THE LAVGUAGE SHOULD RE*
Gh RICH TO SOLJVE MAVY PROBLEMS

G SIMPLE  EASY TO LEARN
g%‘i_) EXTENDABLE

A CAD SYSTEM S SIMPLY
A LANGUAGE [INTERPRETER.



SIMNON

SIMULATION OB MIXED
COMTINUVOUS & DlsceeTe

TIME SYSsTEM S
of CONTINUOUS SYSTEM

lﬁ = %(X)u) '&)
5 DISCRETE SYsSTEM

X&) = 2, U )
Ylt) = 4 (xlé..),uu..),{.,‘)
& CONMBCTING S STEM




DATA STRUCTURES
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® CONTINUOUS SYSTEM

© DISCRETE SYSTEM

© CONNECTING SYSTEM



CONTINUOUS SYSTEM < 1)
LINPUT < Simple vaviabte3 ] -
XOUTPUT L Simple wtablogj
[51—‘&\\-5 <Simple Vo riable §]
&DE?\ <simple vaviahleST
[TIME  <Simple vaviable)”)

[IN\TIAL ]

S[Comp‘«h%w 6t imtial valwg ol sh&]
ﬁ(cwpu\-e output vamables}

t Cvapmbe devivab v

{?avavmewf Otssiqnvwemfg

1Twifal ualw WsSTgnuuntm b &

END
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DISCRETE SYSTEM < mawmed
LINPUT <Ksimple vaviabley* |

[OUTPUT < Simple vaviapleH* ]
[STATE <siwple vaviahle >* ]

LNEW <simple vaviabled* ]

[TIME  <simple waviahled )

TSAMP < wple vaviakle)

{U\“pu[{ ivitia l values {-rr shake output -\Ccu.p;
i Com pute antealiavy varviakles

5 G pule au{'pw}}

§ Campuk new values of slabe vaweplesy
Update TSAMP |

‘{ Modai{-lg Stakes th it nuwous S'Jskwsl
i Assc.qv; par 8 wae ters & imi B Ualwug

END



CONNECTING SYSTEM < M)
\-_TlHE & Siwmple waviobled]
L(.awpk{-c oams ar vaviabhles )

[C"“M Vwput voviables |

| Pavamebor ass; ghm e»ds‘]

ENSD



SIMNON commands

3

1. UTILITIES
¥ EDIT
GET
LIST
PRINT
SAVE
STOP

2. GRAPHIC OUTPUT
V AREA
ASHOM
o AXES
Y HCOPY
V/ SHO
VSPLIT
TEXT

3. SIMULATION COMMANDS

ALGOR

V DISP
ERROR

YINTT

¥ PAR

¥ PLOT

v SIMU

V STORE

of SYST
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EXAMPLE 1
PI CONTROL WITH ANTIWINDUP

R
£& PRoOC

‘Cr?.: 11 ECTING SYSTEM CoW
yr LREG] =4

| | RE Gq&: ';[PEOC:)

w [PRoCT =u [ REG)

END
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COMTINVOOVS SYsTEM PROC
Tuput W |

Ou.-l'pwl- 9

Sta le

Do

END

DISCRETE svwsTe M PIREG
Ingut v v

0wt pud "

Stale 2 .

New Mma

Tiwme ¢

TSl.wp +s

END

COMNECTING S'CSTEM
yr [MREG) =\

W LhRE@] = YiPROC]

W LPRocT = ULPIREG]
EnD



DISCRETE PL REGULATOR.

DISCRETE SYSTEM REG

Input yr o

Output u

Slle |

Now e [ PECLARATIoNS
Time, ¢

Tsamp 43 y

€ = Y- 4

Va2 kxe+a

w = '\{- Ve ulow +uauw @lou~
eleif v e uhigh them Vv
tle whigu
Ma = 2 + kxexhfti +hftox (u-o)
+s = 4 +h

l\‘. 0.7. ‘h'
bl PARAMETE
to: | ASS 16O MENTS
ulow: <\ /

k'ﬁ'c,'q -\



. — 1. . ®. 0

? . \v . T_I Jﬁuﬁh

40.

0. . 10, y - 20. 340.
Tiee & ’

MACRD Fl&T
"Generates Fig 9
Syst \nteqr pireg W
Store Y \giproc‘] wpt
Simu O 40/wup

por ulow: -0.!

poor Uhigh: ©.l
Simet [ howup

splt 2\

ashow y/wup

Show 9 [nowup
Gehow wpr /wup

S\o vy uPr/noqu

40.



INFLUEVCE OF SAMPLIVG RATE
IN PoLE PLACEMENT CONTROL

CONVECTING SYSTEM CON
Time ¢

uclvreql =4

wWilproel sulry]

Yy Lveql = k\;?mc,j

EnD

IT |S verY HARD To
FIMD OUT How e RESPONSE
& \WELUENCED RBY W RY
ALVALY SIS Y



- DISCrRETE SYWSTE™ PolLp T
?V\pu\' 4 Y '

'\.‘Sﬂmp +5
“Compuk desived disevete Cwsw pal

Pl = - 2% 08 (Wxhg sqre(1-242))
Pr= exp(-2xzxwwh)

b SGHP("“" m“:n‘&ﬂis Witl ‘/’(S“")

wi = epl-h/er)

Q\ = - ({*Gl\

bt = h-tt%((-a2)
bz = & ~azw (El+h)

Uesluttom ot Dioplambus oo AR +BSaPT
p “t

L Ok"-‘ml-
W=1dokuc - S6%Y ~Sliyeld- 1 ¥ uold

W DU[VU’W‘ (€&

" Povvantlor a s quwas Fs

END



TOOLS FOR MORE REALISTIC
TEACHING

1, INTRODUCTION
2, REVIEW OF TOOLS
3, SIMNON
4 EXAMPLES

P 5 FUTURE DIRECTIONS
6. CONCLUSIONS

329



THE FUTURE

NUMERICS

HARDWARE

INTERACTION
MODELS

SOFTWARE

EXPERIENCES

SCENE OF 1970

WiLkinson & Reinscu (1971)

64 KBYTE FAST MEMORY
1 MBYTE DISC MEMORY
TELETYPE

STORAGE 0SCILLOSCOPE

ANALOG COMPUTER
AprL & Basic
Lisp

FORTRAN
Basic

None

SCENE OF 1980
Erspac, Linpac

1 MBYTE FAST MEMORY
300 MBYTE DISC MEMORY
HiGH RESOLUTION

COLOR GRAPHICS

Loco
SMALLTALK
ViSIcALC

PascaL
Apa

DozEeNs

Z



WORK N PROGRESS -

S SIMPLIFIED DIALOG
GENTLE EXPERT GULIDANCE
DOCUMENTATION

€> DESIGN OF WL PRWBLEM SOLUING

LANGU A GES
Vo CA RV LARY

SYN TAX
SEMANTICS

&b GRAPHICS

SYSTEM VESCRIPTIOMS
Cotop

AN (MAT 10N
¢ TMPLEMENTATION LANGUAGES

&P SMALL EXPERIMENTAL
SYXSTEMS



INTERACTION PRINCIPLES

CoMmMMANDS SHouLD BE
NASVRAL
SELF-C¥PLANATORY

SHORT
FLEXIRLE

SHoRT FORMS
DEFAULT PARAMETERS

wev :
--
Slowdt— Sl ) H File nowe
i CLT3 I ]




THREE PHASES OF CAXE

MENU DRIVEN  COMMAND DIALKa  EXPERT AULDED
DIALOG DIALOG

% % % gl n e

Comee )

P BETORS + OPEBATOR.S OPERATORS +
FLYED LOGIL HeLp FLEXIBLE DATA
CoMMAND PRIC.  DRIvEN LOGIC
S0 TOVSE ¥R PLEy|BLE BT CLEVIBLE AN
THE PROBLEMS IT Moee BLPPl LULT BASMK TO WES

73

WAS DESIGMED FR e LEARN ING
STRAIGHT TACKET

Sy PACILITY



S T e TR T TR I T it S —— N — m— p— p—

Normal

Mocro

Keyboard

Data base

Command SYST Command STOP

eeo
|

“qY

TYPICAL COMMAND LANGUAGE
\N TERPRETER

NOTLLE
MACROS

HIGH LEVEL .PRORLEM SOLUIAG

LAN GUAGE

CONTROL STRUCTURES

AL INC2ZEMENMTAL COMLPILER

CAN BE BUILT IN A S(HUILAR

WAY.
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CONCLUSIONS

COME CLOSER TO
REALITY WITH MODEST
EFEOLT

&> MODEL LIBRARY

$> REPRODUCABLE: RESULTS
EASY TO DocCuMEMNT

EAS\Y TOo REPEAT
BASHK TO NMODIEY

GP WE HAVE BARELY
CCRATCHED THE SURRACE
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UNIVERSITY

Vinton Hayes Lectures
1983—-84

Professor JACOB T. SCHWARTZ

New York University

Theoretical Issues in Robotics

I. The Motion Planning Problem
Monday, October 3 at 4 P.M.

II. Some Mathematics of Motion Planning
III. Computational Complexity of Motion Planning
Tuesday, October 4 at 3:00 and 4:30 P.M.

IV. Frictional Effects in Close-Tolerance Robot Assembly
V. Geometry, Control, and Software Approaches for Dextrous Manipulation

Thursday, October 6 at 3:00 and 4:30 P.M.

Lectures will be in
Pierce Hall 209
Division of Applied Sciences






