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I. RESEARCH PROJECTS

Given below are some short descniptions of the reseanch proj ects
at the Division.

1.1 Linear System Theony

A theoretical f:ramewonk has been developed fon linear nultivari-
able systems based upon geomet::ic state space concepts. The com-

bined senvo and regulator probelm is solved, using pr.operties of
minimal systems inverses. In this context special ana.Lysis has
been performed on systems which are nonminimum phase i:r a multi-
variable sense. The notation of poles and zeroes has been exten-
ded to multivaniable systems. Expticit cniter.ia can be given on

suitable choices of measured variables and cont:rol vaniables in
a given system. The output on incomplete state feedba,:k pnoblem
has been attacked by an approximation method. A state feedback
is approximated by an output feedback using successive weightings
on a dominant eigen-space.

The fi-ltering and prediction pnoblems fon linear time-v¡rrying
systems have been attaeked using ope::ator factonizatio:r. The
estimation pnobtem fo:: linear gaussian systems with unknown
initial state has also been treated.

I.2 System ldentification

The project has mainly been concentrated on the development of
argorithms and program packages, comparisons of different me-
thods, studies of theo:retical pnobJ-ems in connection w:i-th iden-
tification and panameter estimation, and applications to a great
variety of industriar, biological, and economical systems.

An extensive prognam librany of identification is now ¿rvailabl_e.
rn panticurar: vtrê have an intei:active identif ication p::ogram
package for the process computer PDP-15. The use of i¡rte::active
pnograms incneases the efficiency considerably.
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rdentification of single-input singre-output systems can now be
penformed stnaightforwandly. I'fultivariable and nonlínean iden-
tification is unden cunr"ent resear:ch.

I.3 Adaptive Control

The nesearch on adaptive control systems has been conc(3ntnated
on a special cl-ass of r.egulators called self-tuning ne¡gulatons.
These ane denived to tune regulators fon processes with con-
stant but unknovrn panameters. The self -tuning :regulators have
been inrplemented on seve:rar industriar processes. The experi-
ences ane good concerning the perfonmance of the regulator.

The research
development

l_s

of
now concentrated on convergence pnopen-ties and

self-tuning r:egulators fon multivariable systems.

1" 5 Computational- Methods

The resea::ch proj ects in computational control can
sepanated into fou:: diffenent groups.

roughly be

o Optimal control of nonlinear systems
o Optimizing methods fon constnained finite-dimensional problems
o The program libnany
o Applications

The ¡.eseanch on optimal control will be
ing efficient methods for the numenical
optimal control problèns.

concentrated on develop-
solution of diilfenent

extnemeLy great
It will- thus be

The research on optimization methods for finite-dimens:Lonal prob-
lems has a two-fold goal. Firstly, to implement differ:ent algo-
i:ithms pneviously developed at the Division and secondly, to act
as a sounce of ideas for optirnat cont:rol problems .

A powe:rful prognam library has proven to be of
value fon all the different reseanch projects.
continuously developed and updated.



1.6 Comput er-Aided Design of Contnol- Systems

Modern contnol theory often gives nise to numerical ca.Icul-ations
that even fon small problems can be pnohibitive if the'y must be

done by hand. Thenef ore, computers have become an imp,cr-tant tool
for the control engineers. Howeve::, human intuition and judge-
ment can never be :replaced by computers: so the advantages of the
t\,ro must be merged somehow. This is achieved through the use of
interactive computen plrognams. At the Division two interactive
plrogl?ams have been developed. One, SYNPAC, is intendeC for simu-
Iation of Iinear dynamic systems with a feedback designed by using
linear quadratic theory. The other, IDPAC, is intendeC fo:r data
analysis and identification. Both contain commands fo:n manipu-
lation of input-output data, as well as plotting.

I.7 Power Systems

A computen program which generates time independent
space models of a multiple machine po\^rer system has

This is a necessary base for furthen development of
rithms for this system.

These programs that have been used, both
tion, are also available fo:: outside uses

by available computen time.

Othen investigated problems
lem and state estimation in

fon nesearch and educa-
to an extent determined

linear state
been written.
control algo-

Linear quadratic control theony has been applied to the probl-êrn of
incneasing the damping of a multi machine power system. To avoid
complete infonmation exchange between all- povrer stations, a ne\^I

technique of appnoximation contnol laws is applied to a power
system with three genenatons.

are the economic load dispatch prob-
power systems.
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1. B Ship Dynamics and Ship Contr^ol

Thene alre two curuent projects in this field. The finst one
intends to apply process identification techniques to the deten-
mination of ship dynamics. The identification is performed on
data obtained fnom full-scale expeniments whene the nucldei: is
penturbated and the course, ya\¡/ rate, and the sway velocity
alre measured. The second pnoject is to design an adaptive auto-
pilot f on course keeping and manoeuvering. The autopi-Lot will-
be implemented as a computer program, and it witl be tested on
350 000 tdw tankers.

I.9 Biologicat Contnol

fdentification of impulse nesponses from t::acen data h¿rve been
penfonmed. Although the data ioes not contain enough informa-
tion fon a connect system, description wanted panameter:s can
be obtained with good accuracy. simitan considerations lie
behind the work on nenal clearance neasurements togetl:er with
the Depantment of clinical Physiology, Lund, univensit5r Hospi-
tal. The feasibility of a new method using a few blooci samples
and extennal ::adioactive measurements is unden investig5ation.
The indicator" infusion is controlled in order to get steady
state conditions as soon as possibte.

hloz-ks in this area have
model and on the dosage

also been done on a

on digitalis.
genetic population

1.10 Control Systems in Climatized Buildines

Experiments concenning the control of the air tempenatuLne of a
full-scale test noom have been performed. The room is
heaf ed , by electrical- nadiators. several types of cont.nol laws
to keep constant noom air temperatur:e under varying conditions
have been tested. The control laws vüene implemented orr a pno-
cess compute:r, which was connected to the control equipment at
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the test room via telef on wire. The experiments clear.Ly show
that contror laws based on dynamic models of the system have
better penformance than the conventional ones. A mode-L fon the
hotwaten supply of a block of buildings has been used .For fone-
casting. The model contains a peniodic deterrninistic pant and
a term pnopontional to the outdoor tempenature.
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2. EDUCATÏON ÏN AUTOMATIC CONTROL

2,L Undergraduate courses

The Division has coulîses fon students from the physical, elec-
triòa1, mechanical, and chemical engineering departments. We

have the following courses:

I:rtroductony course 200 students

(Linear continuous time systems. Time and frequency domain
aralysis ) .

Advanced course 50 students

(Non-linear systems, sampled data systems, and stochastic systems).

Lectunes
Exe::cises
Labonatory wonk

Lectures
Exencises
Labonatory wo::k

Lectures
Exercises

28 houns
l-4 hour:s
14 houns

42

2B

14

houns
hours
hours

21 houns
14 houns

Smal-l course for ehemical engineens 50 students

(Fnequency domain analysis) .
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Systems techniques

(Fon mechanical engineers).

50 students

Lectunes
Exencises
Pnoj ect

42

2t
14

hours
houns
hou::s

Compute::s in contnol systems 7 5 students

(Hardwa::e and softwane fon process computers in contnol systems).

Lectures
Exercises
Labonatory wonk

28

14

l_4

houns
houns
hour.s

2.2 Gnaduate courses

Duning each year 3 - 6 counses are given. Duning the academic
year 72/7 3 the fol-l-owing courses \^rene lectur"ed:

Linear Quadratic Contnol Theory
Control- Theory and Economic Policy
Filtening Probl-ems in Linear Tnfinite Dimensional systems
Modelling of Dynamic Industrial- Processes
Linean System Theony

o

o

o

o
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Ulf Bonisson
ïvar Gustavsson
La::s Jensen
Claes Källströrn
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4. PUBLICATTONS

Lists of technical neponts, published
can be found in the annual neponts of
instance

papens, and master
the Division. See

theses
fon

(1)

(2)

(3)

(4)

Âstnöm,
, -Division

K. J.: Pnocess Contnol 1971 - L972, Report 722I,
September I972.of Automatic Control,

Aström, K. J. and Olsson, G.: Process Contnol LgTZ
Repont 7329, Division of Autonatic Control, Septemben

t-973,
I O??

Wittenmark, B.: Master Theses in Automatic
Repont 7230, Division of Automatic Contnol,

Control 7I/7 2,
Decemben L972.

lr/ittenmark, B.: Masten Theses in Automati.c
Repont 7340, Dívision of Automatic Control,

Contnol 72/73,
Novemben 1973.

Given below is the number of
Division duning the academic

different publications fnom the
year 72/73

o

o

o

o

Technical neports
Públished papers
Contnibutions to .onf.r.n.."
Master theses
Intennal technical neponts

44

R

t_1

1B

30


