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MASTER THESES IN AUTOMATIC CONTROL 71/72
(EXAMENSARBETEN 71/72) .

B. Wittenmark

ABSTRACT

Abstracts of master theses (examensarbeten) made at the
Division of Automatic Control in Lund during the acade-
mic year 1971/1972 are collected in this report. In con-
tains abstracts of 18 theses madeby 24 students. The re-
port reflects some of the research done at the Division
of Automatic Control and can be seen as a complement to
Process Control 1871-1872, (Report 7221) concerning the

activities at the Division.
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1. INTRODUCTION

The education for civilingenij8rsexamen (master degree)

is completed with an independent work. This master thesis
(examensarbete) shall prove that the student has learned
how to attack and solve larger problems. The work is as-
sumed to take three months of full time work and the work

is done by one or two students.

This report is a collection of abstracts of masterp theses
made at the Division of Automatic Control in Lund during
the academic year 1971/1972. During this time 18 theses

were finished by 24 students. Abstracts of earlier theses

are found in:

Olescn, G.: Master theses in Automatic Control 1965-
0. Report 7011, November 1970, Lund Institute of
Technology.

Wittenmark, B.: Mdster theses in Automatic Control
70/71. Report 7120, November 1971, Lund Institute
of Technology.

The major part of the theses is made within the framwork
of the graduate research program at the Division. But
some of the theses are made for instance as feasibility

studies or made in cooperation with the 1nduotry or other
divisions. The report can thus be seen ag'a supplemant to
‘the survey of the research activities at the Division of |
Automatic Control reported in:
- |
Astrém, K.J.: Process Control 1971-1972. Final Report |
Project 71-50/U33, Swedish Board for Technical Develep- i
ment. Report 7221, September 1972. Lund Inst of Technology. |
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All master theses are written in Swedish with abstracts
in English. Every thesis is presented in this report
with the name, of the author  and with one abstract in
Swedish and one in English. Alsoc at each abstract the
name of the responsible advisor is given within brackets.
In several cases two or more advisors have been engaged

with different kinds of work or ideas.

Further information concerning the results can be obtained
from the Division of Automatic Control by contacting the
responsible advisor. The theses are available at the Di-

vigsion library and may be bought at reproduction cost.

Every year a list of suitable subjects for master theses
is published in Swedish. The list for 71/72 is given in
appendix.
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2. LIST OF THESES.

RE-96 - Nilsson, A., Nilsson, R.: Digital reglering med
5 ¥ = { =
pro:a%sdltcr (Digital Control Using Process Com-

puter), August, 19717,

RE-97 Bosrup, L., Gustavi, J~0.: S3idlvifrande klassi
ficering (Self-Learning Clas&ificati&n}, Septem*

ber, 1971.

RE~98 Anderini, K.: Studier av digitaliserande ytter-
loopsfunktioner vid automatstyrning av flygplan
(Studies of Digitized Outerloops of an Airplane

‘Autopilot), October, 1971.

RE-993 sundstrdm, K. » Stabilitetsundersdkning av tryck-~
simulator (Investigation of the Stability of a
Pilot Plant Pfessurlzer), October, 1971.

RE~1C0 Karlsson, B., wkoglund, G.: Jidmférelse mellan
Kalman och komplementidr filtrering (Compariscn
between Kalmern and Complementary Filters), Novem~
ber, 1971. ;

RE-101 Lindell, J.0.: Plotterrutiner fdr PDP-15 (Plott-
ing Routines for PDP-15), October, 1971.

RE~102 Andersson, P.O., Olofsson, T.: Undergdkning av
Marsiks adaptiva regulator {(Investigation of
i G N 1
Marsik's Adaptive Controller), Decembeyr, 1971.

RE-103 Almgvist, R.: Program £8pr Maximum Likelih
Identifiering pd i
Likelihood Identification on PDP-15), February,

1872

a0y

!

DP~15 (Programs for Maximum

~
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RE=~105

RE-108

RE-109

RE-110

RE-111

Novén, T.: SYNPAC - Ett interaktivt program Ffép

syntes av reglersysten (SYNPAC ~ An Interactive

Program for Synthesis of. Control Systems), Feb-
¥ .

ruary, 1872.

Wallin, U., Widstrdm, A.: Ji8mf8relse mellan st8pr-
ningskdnslighet vid direkt mitning och rekonst-
ruktion (Comparison of Direct Measurement and

Statevariable Reconstruction), February, 1972.

Nilsson, R.: Modell av malkvarn (Modelling of a
Grinding Mill), March, 1972,

Ericsson, S., Lindquist, H.: Statistisk signal-

klassificering utan ldrare (Statistical Classi-

fication without a Teacher), April, 1972,

Nilsson, L.O.: Optimal styrning av sulfitkokare
(Optimal Control of a Sulphite Digester), April,
1972.

Janiec, M.: Stvrning av ljusbdge med tvristorer
(Control of a Welding Arc using Tyristors), June,
1972. '

Pernebo, L.: Adaptiv styrning av linjdra system
med hijélp av urvidgat Kalman-filter (Adaptive
Control using Extended Kalman Filter), August,
1972.

Carlsson, 8.: Maximum Likelihood identifiering
av reaktordynamik fran flervariabla experiment
(ML Identification of Reactor Dynamics.from Mul-

tivariable Experiments), June, 1972,

s e




RE-112

: RE-113

Johansson, L.: Inkompatibilitgtslocus. Berdkning
av allelfrekvenser i en r&dkl8verpopulation (In-
compatibilities in Allelé Fluctuations in a Red

Clover Population), July, 1972.

Elmgvist, Hi: SIMNON - Ett interaktivt simulerings-
program f£&r olinjdra system (SIMNON - An Ihterac—
tive Program for Simulating Non-Linear Systems),
June, 1972.




3. SUBJECT INDEX.

Adaptive systems

Analysis and synthesis:
Continuous time

Discrete time
Biological systems
Digital control

Ldentification methods:
Maximum Likelihcod method

Kalman filtering
Learning systems

Model building:
Grinding mill
Nuclear reactor

Optimal control:
Linear~quadratic theory
Non-linear optimal control

Program packages:
Basic routines
Identification
Synthesis

102, 110

99, 104, 105, 113
86, 98, 104, 109

112

896, 98

104
108

101
103
104, 113
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4, ABSTRACTS

RE-96 August, 1971
Nilsson, Anders {(B. Wittenmark)

Nilgson, Rune

DIGITAL REGLERI 3 MFD FROCESSDATOR.

Arbetet behandlar digital reglering av ett positionsser-
vo., Samplingstidens inverkan pd olika regulatorer stude-
ras. Fdrst behandlas en proportionell regulator, De pe-

sultat, som da erhdlls, skall sedan férbdttras i olika

[ai]

vseenden. Med en samplad motsvarighet till ett fasavan-—

cevands ko ompenseringsnidt minskas stigtiden till h&lften

utan att Sversldngen 8kas. Genom att dterkoppla fran

tilletdnd fis en regulator, som kan uppfylla hiiga krav

Da gnabbhet och ddmpning. Slutligen studeras dead-beat-

regulatorn. Med denna fis =zamma resultat som med den pro-
io

port

nella regulatorn, trots att samplingstiden dr be-
1

DIGITAL CONTROL USING "“ROCESS COMPUTER.

The report treats digital contrel of a position serwo.
n

The effect of the sampling rate for diffevent v regulators

.

investigated. First a propovrtional
cussed. The results are then improved
In order to vreduce the rise time without
overshoot a sampled lead COMPRLIE
a

feed~back from the state vap

3

tained which has a very good damping. With this regula-

[

tor it is possible to get a system that is as fast as

the lead compensated system but +the cvers

derably reducad. Finally a dead-beat regalator is usged

and it gave the same results as For the proportional re-
+

gulator although the sampling time is much longer,
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RE-97 September, 1971
Bosrup, Lennart

~~
T

Liyung)
Gustavi, Jan=0lof

SJALVLARANDE KLASSIFICERING.

Ett system, som erhdller signaler frén en yttre kdlla

Studeras. Dessa signaler beskriver olika situatiocner,

Avsikten dr att systemet skall kunna klassificera den

aktuella situationen. Detta kan gdras med hjdlp av re-
kursiva algoritmer.

Problemet att finna sddana algoritmer kan angripas pa
minga sdtt. I arbetet antas att ett minimum av a priori
kunskaper dr givna om signalerna occh de klasser, till
vilka de 1illh&r. Detta angreppssdtt bendmns inldrning
utan ldrare eller sidlvldrande.

Olika sj&lvl&r~nde algoritmer diskuteras och Hr simule-
rade pd dator. Villkor fér konvergens hos algoritmerna
behandlas och en teori f&r konvergens hos olika algorit-
her presenteras. Teorin bekrdftas av datorsimuleringar-
na. Slutligen behandlss fallet d& processerna ej 4r sta-
tiondra. Algoritmern: iungerar tillfredsstidllande Hven
for detta fall.

SELF~LEARNING CLASSIFICATION.

Consider a system receiving signals from a signal source.
The signals describe different input situationsg. The pur-
pPose of the system is to classify the current situation.

This can be obtained by means of recursive algorithms.

The problem of finding such algorithms can be approached
in many different ways. In this report we will assume a
minimum of a priori informaticn about the signals and the




classes they belong to. This approach is often called
learning without a teacher or self-learning.

Different self-learning algorithﬁé are discussed and si-
mulated on a computer. The conditions making an algorithm
converge or not are treated. A theory for the convergence
of an algorithm is ﬁregented. This theory is shown to he
consistant with the simulations. Finally another aspect
is regarded implying no demand fop stationarity of the

classes. The algorithms are adapted to this case and found
to work satisfactony.




10.

RE-98 October, 1871 (B. &jdberg, SAAB,

Anderini, Kenneth B, Wittenmark)

STUDIER AV DIGITALISERADE YTTERLOOPSFUNKTTONER VID
AUTOMATSTYRNING AV FLYGPLAN.

Rapporten behandlar hur ett flygplans egenskaper paver-
kas av olika konfigurationer i styrautomatsystemet d
ytterlooparna kopplas via dator. Undersékningen #r giord
med hjdlp av dator och resultaten ansluter gig vdl till
analoga simulatorstudier, som har gjorts tidigare pa
SAAB i Linkdping.

Resultatet av undersSkningen dr att systemets egenskaper
endast mdttligt pdverkas av de férdrdiningar, som kan
uppkomma i den digitala delen av systemet.

STUDIES OF DIGITIZED OUTERLOCPS OF AN ATRPLANE AUTOPILOT.

The report shows how the dynamic properties of an air-
plane are influenced by different set ups of the auto-
pilot when the outerlicops are implemented using a com=-
puter. The investigation is made using a computer and
Tthe results are compatible with analog simulations done
earlier at SAAB in Link&ping.

The result of the investigation is that the dynamic pro-
perties of the airplane are only slightly influenced by
the time delays that can be introduced by the computer
in the systemn. "




RE~99 Octobev,‘1971 (J. H&lldin, ALFA-LAVAL,

Sundstrdm, Kristian B. Wittenmark)

[
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STABILITETSUNDERSUKNING AV TRYCKSIMULATO

Rapporten behandlar stabi litetsun
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simulator inom Multitherm-p projektet pd ALFA-LAVAL. Ay-
sikten med unders8kningen &r att genom experiment med

och uppstdllande av en matematisk modell f&pr tryveksimu-

latorn f& en uppfattning om fullska @ﬁﬂldpgn‘n% upp-~
forande f6r olika st8rningar. xperiment har visat att

temperaturhdjande stérningar &r en stor stabilitetsrisk,
vilken i viss mén kan minskas gencm infSpande av Stryp-

anordningar. St@rningskdnsligheten har underedkts med

stegstdrningar 1 matningstrycket dels experimenteilt dels
teoretiskt i den matematiska modell, som uppstdllts och

verifierats (i approximerad form). Savil experiment som
simuleringar har givit till res at att systemet fér
undersdkta stegstérningar 4r stabilt. Den matematiska

modellen ger &ven m&jligheter att genom simuleringar
ara

kartlégga inverkan av andra tinkba tryckstdrningar.

INVESTIGATION OF THE STABILITY OF A FILOT PLANT PR SURIZER,

The report presents the results of an investigation con=-
cerning stability of a pressure simulator as a part of
the project called MULTITHERM within ALFA-LAVAL Company.

The aim of this investigation is the prediction of the

behaviour of a pilot plant under varicus
11

<periments have

from experiments and a mathematical model for the sma

scale model called pressure simulator.
ehown that disturbances causing temderature rising are
great risks for the stability. which can be partly ore-
hibited by special arrangements. The séngitivity has

been investigated applying step inputs Iin the pressure




supply both experimentally and theoretically with the
mathematical model. The validity of the model has been
verified for its approximation. Experiments and simula-~
tion have shown that the system is stable under applied
inputs. The mathematical model enables the constructor
of the pilot plant to get information of the effect of

presumptive disturbances through analog or digital simu-
lation.

N
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RE-100 November., 1371
Karlsson, Bo (B. Wittenmark}

Skoglund, Gunnar

JAMFORELSE MELLAN KALMAN OCH KOMPLEMENTAR FILTRERING.

Tva metoder vid filtrering av stokastiska processer jam-
férs. En optimal mefodg Kalman~filtrering, och en merp
heuristisk metod, komplementdr filtrering med filter av
f8rsta ordningen. Undersdkningen jidmf8r estimationsfelens
varianser och filtrens k#nslighet f8r olika parameterva-
riationer. Det undersdkta exemplet &r valt s& att det lim-
par sig fér den heuristiska metoden, Endast tidskonstanta

fl

filter dr anvdnda vid undersékningen.

Resultatet dr att Kalman-filtret i stort sett ger cirka

tio procent bdttre virde pd estimationsfelets varians,

-

undantag finns dock d& de bAda metoderna ger likartade

N

resultat. Ett hypotetiskt fall d& signal-brusf&rhdllan~

AN

=]

¥

dr stort och signalen dr en icke-stationdr process

§

kan man estimera betydligt bittre med ett fixt komplemen-
tdrt filter &n med ett fixt Kalman-filter. Parameterkins-

ligheten f®r de hdda filtren tycks vara likartad.

COMPARISONIBETWEEN KALMAN AND COMPLEMENTARY FILTERS.

o+

A comparison between two filtering techniqueslare made .
One optimal method, Kalman filtering technigue, and an-
other, more heuristic ‘method, complementary filtering
rechnique, using filters of first order. In the investi-

gation the variances of the .estimaticn errors and the

jan
EE
=y
H
t’D
b
o
o
i

sensibility of the filters Ffor ¢ kinds of pava-
meter variations have been compared. The examined example
is suitable for the heuristic method. Only time constant

filters have been used,



14,

The main result is that the Kalman filtering technique
attains a ten per cent better value concerning the vari-
ance of the estimation error. There ave exceptions when
the results are the same with the two types of filters.
A hypothetical case when the signal/noise ratio is large
and the signal is a nonstationary process, a constant
complementary filter can give better estimates than with
a constant Kalman filter. The parameter sensitivity is
usually the same for both types of filters. The Kalman

filter is, however, better in some case.
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RE-101  October, 1971
Lindell, Jan-0lof (J. Wieslander)

PLOTTERRUTINER FUR PDP-15.

Vid institutionen f&r reglerteknik i Lund finns en da-
tor, PDP=15, till vilken e+t minnesoscilloskop, Textro-
nix, 4r anslutet. T examensarbetet beskrivs uppbyggna-
den och funktionen av «tt antal plotterrutiner., Rutiner-
na dr skrivna i assemblersprdk, MACRO-15, och &p frimst

2
avsedda att anvindas i program, skprivna i Fortran.

PLOTTING ROUTINES FOR PDP-15.

A computer, PDP~15, and a storac

G 2,

e oscilloscope, Textro-
nix, are in use at the Division of Automatic Control in
Lund. The report describes the structure and function

of a number of plotting voutines. These are written i

=

ed

[a ¥

assembler language, MACRO~15, and are primarily intend

for use with programs written in Fortran.
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RE-102 December, 1971
Andevsson, Per Olof (B. Wittenmark)
Oleofsson, Tommy '

UNDERSOKNING AV MARSIKS ADAPTIVA REGULATOR.

En adaptiv regulator, som har féreslagits av-'J. Marsik,
har undersdkts. Regulatorn har f&rdelen att ha en speci-
ellt enkel anvindningsprincip. Den kriver i motsats till
mdnga andra adaptiva regulatorver ej ndgon modell av den

reglerade processen. Regulatorn bestar i princip av tvé

ta
multiplikatorer och en integrator. Den anvdnds £8v att
automatiskt justera processens kretsfdrstidrkning +till

ett av processen bestédmt jdmviktslidge. D& insignalen till

systemet dr en fyrka

tvdg kan man teoretiskt beprfkna jam-

1 dftades genom gimule=-
ignalen dr en fyvkantvag
ens amplitud men e
minskas ocksd kraf-
inskas. For att kunna pé&-
mot ligre vdrden gior-
torm. Dédrvid kunde pre-
nskat sdtt, dock

r.’
VAT j&mviktsléget fortfarande berocende av insignalen. D&

=1
insignalen var en triancel

o]

el eller sinusvdg erh$lls inget
jdmviktslége f8r fépstirkningen.

INVESTIGATION OF MA?%IF’S ADAPTIVE CONTROLLER.

controller proposed by J. Marsik has been in-
vestigated. The -controller Has a very simple structure
and in contrast to may other adaptive controllers it does
not include dny model of the process. In principle the

tontroiler consists of two multipliers and one integrator.
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The controller can be used to adjust the loop gain of
the process to a steady state value that is determined
by the process. When the input signal consists of rec~
tangular pulses it is possible to compute the steady
state value of the controller gain. These computations
were verified by analog simulatiohs. The amplitude, but
not the level of the pulses, influences the steady state
value. The convergence rate 1is substantially decreased
when the amplitude is decreased.

To be able to change the steady state value different
modifications were done which made it possible to alter
the steady state value as degired. The steady state
value was, however, still dependent of the input pulses,
For triangular and sinusocidal inputs the controller did
not converge to any steady state value.
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RE~103 February, 1972
Almgvist, Rutger (I. Bustavsson)

PROGRAM PUR MAXIMUM LIKELTHOOD IDENTIFIERING PA PDP-15

b

denna rapport presenteras ett program f&r Maximum Like-
lihood identifiering. Programmet &r skrivet i FORTRAN Fér
PDP-15. Det fdrutsidtts a+t+ gystemet dr linefrt, tidsinva-

riant med en utsignal och normalférdelade stdrningar.

En kort introduktion till teorin bakom Maximum Likelihood
metoden ges. QOlika strategier i mJnlmeangcalgorltmen dis
kuteras. Sedan f&ljer en genomgdng av programmets delar.

Denna genomgéng fuﬁge“ar ocksd som en pdﬂdLedning £6r an-

vdndaren. Till sist ges resultat frén nédgra testexempel.
+KOGRAMS FOR MAXIMUM LIKELIHOOD IDENTIFICATION ON PDF-15,

In this report a pro gram for identification by the Maxi-

mum Likelihcod method is presented. The ogram is writ-
ten in FORTRAN for g process computer, b 15. The app-
lication is limited +o linear, single output, time-inva-

[}
riant dynamic systems with normal digs

W.‘«

turbances having ra-

tional spectra

First a resumé of the Maximum Likelihood method is given.
The different strategies which are used in th? hill-climb-
ing algorithm are discussed. Then there is an account of
the structure of the program. In connection 'with this,
there is a description of how to use the program, the
possibilities and the limitations. Finally results from

some test examples ape given.




RE~104 February, 1972

Novén, Tord , (J. Wieslander)
SYNPAC -~ BETT INTERAKTIVT PROGRAM FUOR SYNTES AV REGLER=-

SYNPAC &r ett interaktivt program f8r bearbetning av reg-

lersystem. Det kan utf3ra 34 olika operatiocner. Varje o-

peration har sitt ko

sndo och argument. Det &r inte néd-
vdndigt att utfra operationerna i en viss ordning. Prog-
rammet dr pd detta sdtt mycket flexibelt och anvindbart

péd ett flertal problemtyper. Det 4r litt att lira sig an-

vénda programmet, d& det blan

attande och
exakta felmeddelanden. Avsevirda tids ssparingar kan gé-
ras vid t.ex, optimering av dis
avkodningsdelen f8r kommandona 4
dan berdkningsrutinerna v
dr skrivet sd att framtida

att utféra,

SYNPAC ~ AN INTERACTIVE PROGRAM FOR SYNTH ESIS OF CONTROL
SYSTEMS.

N

YNPAC iz an interactive program package for working on
coentrol systems., It can perform 34 different operations.
Each operation has its command and arguments. It is not
necessary to perform the operations in a ceptain order.
The program is in this way very flexible and useful on
& number of problem types. It is easy to learn to use
the program because it has amcng other things extensive
and precise error messages. Considerable time ean be
saved at for instance optimization of discrete control
systems. The decoding part for the commands is written
in assembler while the calculation routines are written
in Fortran. The program is written so that future exparn~

sion shall be easy to do.
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RE~108 February, 1972
Wallin, ULF (B. Wittenmark)

Widstrdm, Arne
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JAMFURELSE MELLAN STUORNINGSKANSLIGHE
OCH REKONSTRUKTION.

Stbrningskdnslighetén hos ett andra ordningens system
(moment st&rning p& en motor) undersdks, di tre olika

regulatorer anvdnds:

1. direkt mitning av til standsvariablerna,

[
.

modellrekonstruktion och dterkoppling frin de re-

konstruerade tillstdnden,

Loy

»  modellrekonstruktion men &terkoppling frén ett re-
konstruerat och ett métt tillstdnd.

Stérningarna Zr inte mitbara, och modellen uppfattar en-
dast deras inverkan pd utsignalen. Detta ger upphov till
ett bestdende rekonstruktionsfel. Formellt kan rekonst-
ruktiongfelet betraktas som en ytterligare st8rning, och
dess inverkan pd slutra systemets egenskaper analyseras.
GCenerellt ger direktmitning bista resultatet, och stér-
ningskdnsligheten 8kar med antalet rekonstruerade variab-
ler i styrlagen. Slutligen g&rs en experimentell under-
s8kning av de tre regulatorerna p& en elektrisk motor da

styrlagarna realiseras med hjdlp av en dator.
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COMPARISON OF DIRECT MEASUREMENT AND STATE~VARTABLE
RECONSTRUCTION.

The sensitivity to disturbances of a gystem with two

states is investigated for three different regulators:

1. direct measuring of the states,

2. model reconstruction and feedback from the reconsgt-

ructed states,

3. model reconstruction and feedback from one reconsgt-

ructed and one measured state (the output signal),

The disturbances on the system are not measurable, and
the model does only apprehend their effect on the out=
put signal. This causes a remaining reconstruction er-
ror. Formally the reconstruction error c¢an be regarded

as another disturbance, and its effect on the closed

loop system is analysed. Generally direct measuring gives
the best result, and the sensitivity to disturbances is
increasing with the number of used reconstructed states.
Fiﬁally an experimental investigation is made when the
system is an electric motor and when the regulators are

implemented using a coputer.
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RE~106 March, 1972
Nilsson, Richard _ (B. Wittenmark)

MODELL AV MALKVARN.

Slutsteget vid cementtillverk ning dr malning av klinker
till cement. Temperaturen hos utkommande produkten kan

variera kraftigt. Fér att klargdra dessa variationer

har en matematisk modell giorts f&r malkvarnen. Modellen
baseras pd fysikaliska samband f8r temperaturidmvikt. De
olika parametrarna i modellen erh®lls genom uppskattning-
ar. Fbr att f8rbitrra noggrannheten pd koefficienterna
utférdes tvd enklave identifieringsexperiment. Med data
frén experimenten bestimdes parametrarna i den matematis-
ka modellen. F¥r att f& en uppfattning av modellens till-
forlitlighet giordes simuleringar p& analogimaskin, och
resultatet jdmfirdes med experiment, giorda pd processen.
Modellen tycks kunna beskriva hur temperaturen i kvarnen

péverkas av olika infl&den.

MODELLING OF A GRINDING MILL,

The final process whern producing cement is grinding. The
temperature of the oute coming product can be varying in
an undesgirable way. To explain these variations a mathe-
matical moédel of the grinding mi 111 has been set up. The
model is based on the relations for temperature equilib-~
rium. The parameters in the model are rvoughly estimated.
tion experimente were done. Qsizg the data from the expe-
riments the parameters in the mo del were determined using
an identification program. The reliability of the model
was investigated by analog simulations and the results
were compared with experiments done on the process, The
model seems to describe how the temperature can be in-
fluenced by the different inputs to the process,
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STATISTISK SIGNALKLASSIFICERING UTAN LARARE,

Detta arbete behandlar problemet med sjdlvldrande klassi-
ficering av utfall Frén en sammansdttning av stokastiska
variabler. De stokastiska variablerna tillhdr en klass
av f8rdelningar vars form 4r kind men dip férdelningar-

nas parametrar dr olkinda.

Klassificeringsproblemet 4r ekvivalent med problemet att

oy

estdmma skiljande hyperytor i virderummet +ill de sto~
st

kastiska variablerna., Eftersom varje klassificeringsre-

gel dr en funktion av stokastiska variablerp blir regeln
sjdlv en stokastisk variabel. Genom att anvdnda statis-
tiska skattningar Zr det m3jligt att bestdmma ett besluts-
kriterium som med sannolikheten ett konvergerar mot en op-
timal klassificeringsregel.

Av frimst berdkningstekniska orsaker har endast det enk-
last m&jliga klassificeringsproblemet behandlats ingden-
de, né&mligen klassificering av utfall frdn en sammansitt-
ning av tv& endimensionella férdelningar. En algoritm som
bestdmmer en klassificeringsregel konstrueras och testas
genom simuleringar p& olika sammansdttningar av tvad-para-

metriga fdrdelningar.

Vidare konstrueras en algoritm som berdknar den teoretis-

ka undre grédnsen fér klassificeringsregelns varians. Nu-

meriska virden berdknas f&r en del olika falil.
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STATISTICAL CLASSIFICATION WITHOUT A TEACHER.

This report deals with the problem of learning to classi-
fy observations from a mixture of random variables. The
distributions of the random variables are of known func-

tional forms but with unknown parameters.

This problem is equivalent to that of determining sepa-
rating hypersurfaces in the range of the random variables.
Any rule of classification will be a function of vandom
variables and therefore itself a random variable. Using
a statistiecal approach it is possible to construct a clas-
sification rule that will converge to an optimal one with

probability one.

For computational reasons only the simplest possible case
is treated in detail, namely mi xt

sional distributions. The algorithm is tested by simula-
tions on different mixtures of two-parametric distribu-

tions.

An algorithm is constructed that computes the theoretica

lower bound of the variance of
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Nilsson, Lars 0lof

OPTIMAL STYRNING AV SULFITKOKARE.

Optimering &r ett hjdlpmedel f&r att utrdna vad som 4r

%)

méiligt att uppnd i ett visst dynamiskt systemn.

Systemets syfte beskrive med en skaldr funktion, fdrlus
funktionen, och den sTyrstrategi, som minimerar férlust-
funktionen, begtidms. Styrstrategien bestdr av ett styr-

program fér den tidsrymd processen omfattar,

Differentiell dynamisk programmnering d4r en metod att be-
stdmma optimal styrstrategi fér dynamiska system, beskriv-

na med system av olinj4ra ordinira differ rentialekvationer.

I denna unders8kning har en algoritm, baserad pd differen-
tiell dynamisk programmering, anvints f&r att bestimma op=-

timal styrning av en sulfitkokare.

Problemet innehdller bide randvillkor pa tillsténdsvariab-
lerna och begrinsningar pd bide tillstdnds- och styprvari-
ablerna f8r hela tidsférloppet. Problemet iz dessutom sin-

guldrt

Den anvénda algoritmen tillsammans med speciella metoder
for s;npulara problem ger en mycket allmin metod, som har

visat sig fungera bra i denna undersbknlng.

Optimal styrning av tryck och temperatur f8r att Sstadkom~
ma maximalt utbyte av cellulosa i den sura sulfitprocessen
har bestimts. Denna styrning Sverensstdmmer i sina huvud=~

drag med konventionell styrning, men ger ca. 2% stérre ut-

byte av cellulosa



OPTIMAL CONTROL OF A SULPHITE DIGESTER.

The purpose with optimal control theory iz to determine
what is possible to achieve with a certain dynamic sys-

tem.

The performance of the system is measured by a scalar
cost functional, and control over a period of time is
then chosen to minimize this functicnal,

Differential dynamic programming is a new method for de-
termining optimal control of dynamic systems described

Yy sets of nonlinear ordinary differential equations.

t_-r'

3

his technique vastly reduces storage requirements com-

ared to dynamic programming,

vl

In this work an algorithm has been used, based on diffe-
rential dynamic programming to determine optimal contral

of the acid sulphite cooking process.

The problem contains both state variable endpoint equali-
ty constraints, state variable inequality constraints and
control variable inequality constraints and in addition

is singular.

The algorithm used with methods to determine gingulap

contrels has worked out successfully on this problemn.

Optimal control of Presgsure and temperature to achieve
maximal ocutcome of cellulose for the acid sulphite
cooking process has been determined. This control is gi-
milar to the conventional one, but yields approximately

2% higher outcome of celluloce.
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Janiec, Marek (B. Wittenmari)

STYRNING AV LJUSBAGE MED TYRISTORER.

Problemet har varit att etyra strdémmen genom en ljusbége
genom att reglera ft3ndvinkeln hos tyristorerna i den
brygga, som driver iiuvbégen. ForsSken har simulerats p4
dator. F¥rst behandlades fallet med vitt brus som zt8p-
ning pd ljusbdgens motemk. Direfter filtrerades bruset
innan det pdverkade ljusbdgens motemk, detta f&r att £3
en mera realistisk modell. Fér att eventuellt kunna mins-
ka strdmmens varians genom att justera systemets paramet-
rar, bestdmdes sambandet mellan variansen och parametrar-
na R (totalresistansen) och L (totalinduktansen). Detta

visade ett kraftigt L-berocende och ett gvagt R-bercende.

Vid studier av kortslutningsfériopp visade det sig, att
vid bibehdllen negativ resistans 1jusbdgen blev kret-

sen instabil och strdmmen Skade exponentiellt. Antog man
ddremot, att resistansen efter kortslutningen blev posi-
tiv, antog str&mmen snabbt e+t grdnsvidrde, som 1lig ndgon

eller ndgra tiopotenser hégre 4n referensvirdet.

I den studerade modellen 4v regulatorns utstyrningsomrd-
de sa begrdnsat, att man endast kan rdkna med atf kunna .
styra ut mycket svaga brus. Dirfsry hap dven en modifie-

rad modell av regulatorn, d4r man kan erhdlla ett avse-

vdrt stdrre utstyrningsomride, presenterats,
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CONTROL OF A WELDING ARC USING TYRISTORS.

> problem Has been to control the current in an elect-

The
ric arc by regulating the tyristors’ igniting angle in

the bridge, which drives the electric arc. The experi-
ments have been simulated in a computer. Firstly the
noise. disturbing the counter electromotive force of the
electric arc was assumed to be white. Secondly the model
was improved by filtering the noise. In order to be able
to reduce the variance of the current by adjusting the
parameters of the system, the relation between the va-
riance and the parameters R (the total resistance) and
L (the total inductance) was determined. This showed a

strong L dependence and a weak R dependernce.

By studies of short eircuit lapses it showed that by re-
maining negative resistance the circuit became instabile
and the current increased exporentially. But if one sup~
posed that the resistance after the short cireuit moment
became positive, the current quickly assumed a limit va-
lue that was one or a few ten powers higher than the re-

ference value.
In t model which was studied, the control area of +the

regulator was limited, that it is impossible to contro

o
®

L

1 1
anything unless the noise level is very low. Because of
that a modified model has also been presented, where a

very much greater contrel area can be received.
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"IV STYRNING AV LINJARA SYSTEM MED HJALP AV UTVIDGAT

Avsikten med detta examensarbete var att undersdka hup

bra det

okdnda parametrar.

gér att styra

2tt linjdrt, samplat system med

Hidrvid utvidgades tillsténdsvektorn

med de ok&nda parametrarna och den sdlunda utvidgade till~

stdndsvektorn estimerades med

man-filter. Systemet styrdes

styrstrafegi.

Metoden testades
andra ordningens
h811ls

Ter,

fér fBrsta
men f8r det
tes, gav metoden

Anledningen till

ADAPTIVE CONTROL

The purpo
of controlling a

kniown parameters.

ded with the
was egtimated by

wWas

The method was

cond order sy

the first order

se of this work

unknown

controlled by a

syst

hjdlp av ett utvidgat Kal-

enligt en linjdrkvadratisk

pa ett fbérsta ordni ngensg system och ett
system. Tillfredsstdllande resultat ep-
ordningens system med en okdnd parame-

unders k-
t .

)

andra ordningens system, som

£

ett icke tillfredsstidlliande resulta

detta r okxind.

EXTENDED KALMAN FILTER.

=
=
=
&

was to examine the possibility
linear, sampled systen containing un-

the

state vector was exten-
and this
an extended Kalman filter. :The system

To do this

parameters extended vector

linear-quadratic control strategy.

tested on a first order system and a se-

stem. Acceptable results were obtained for

em containing one unknown parameter,

but for the examined system of second order the method

gave

known.

an unsatisfying result.

The reason for this is un-
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Carlsson, Stellan (G. Olsson)

MAXIMUM LIKELIHOOD IDENTIFTERING AV REAKTORDYNAMIK FRAN
FLERVARIABLA EXPERIMENT.

P& Halden-reaktorn har utférts ett antal dynamiska expe-
riment. I detta exanensarbeLe anvidndes data frin experi-
ment med flera insignaler f&r att bes+timma parametriska

modeller av reaktordynamiken. Modeller anges fdr styp-
stavar (kontrollerar reaktiviteten) och dngventil (be-
lastningen) som insignaler och nukleip effekt och olika
angtryck som utsignalen. Koefficienterna skattas med
hjélp av Maximum Likelihood=metoden. Olika statistiska
tester anvdnds f¥r att underséka modellernas egenskaper.
Resultatet visar att ordn iingstalet hos modellerna ej

Sverstiger fyra,

MAXIMUM LIKELIHOOD IDENTIFICATION OF REACTOR DYNAMICS
FROM MULTIVARIABLE EXPERIMENTS,

Several dynamic experiments have been performed at the
Halden B01L1ng Water reactor. In this work data from ex-
periments with multiple inputs are used to determine pa-
rametric models. Models are given for the reactivity

rods and the consumers steam valve (the load) as inputs °
and the nuclear power and different steam pressures as
outputs. The coefficients are estimated by.use of the
Maximum Likelihood method. Furthermore the properties of
the models are investigated by different statistical
tests, The results show, that the model order is general-

1y

o

ot exceeding four.
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Johansson, Lars (P. Hagander)

3

TBILITETSLOCUS. BERAKNING AV ALLELFREKVENSER T
EN RODKLOVERPGPULATION.

—

Arbetet avser att visa hur frekvenserna av olika, 1 en
rédkléverpopulation Inrfende, inkompatibilitetsalleler
varierar fran en gener-.tion till ndsta.

Som férutsdttning gdller att det inte finns ndgra skill-
nader mellan de olika allelerna, utom inkompatibilitets-
egenskapen.

Ur en modell berdknas vilka avkommor de olika plantgeno-

typerna ger upphov till. Den Z2:a generationzn berdknas
4 ) 1)

ur den 1:a, den 3:e ur den 2:a o.5.v. Med 3 alleler fés
en dampad svadngning runt medelvirdet. Med 4 eller fler

alleler erhdlls i regel inga Overslidngar utan frekvensep-
na ndrmar sig sakta medelvidrdet, saktare ju fler alleler
som ingdr i populationen. Frekvenserna av olika plantge-

notyper fluktuevar pd i princip samma sdtt som allelfrek-

5
[#8]
Ay

=¥

venserna. rop leler kan man visa att plantfrekvenser-—

lobalit stabilt j4m-

4
e
{2
0
&
&
T
3
o
_f
T
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na alltid ndrmar sig

n]

viktgldge., Fér fler alleler blir

1 1

1’1{4\ ‘"'/2 )

antalet plantgenctyper
2

ddr n 8r antalet alleler, ett stabilt jdmviktsldge, tro-

&

ligen det enda. P& samma sdtt blir 1/n ett stabilt jdm-

En uppskattning av standardavvikelsen i 2:a generatio-

s

nens plantfrekvenser, visar att variationen dr sd liten
att man bdr kunna kontrollera den uppstdllda modellen

med ett praktiskt fSrsék pa ett t-allelsystem.



INCOMPATIBILITIES IN ALLELE FLUCTUATIONS IN A RED CLOVER
POPULATION.

The purpose of this report is +to visvalize how the fre=-

quencies of different incompatibility alleles fluctuate

from one genervation to another, for a red clover popula-

It is assumed that there are no differences between the

The progeny of the different plant genotvrpes are calou-
>l Ia .

lated with a computer. The second generation is calcoula-
ted from the first, the third from the second and 50 On.
With three alleles, the allel fr@qucn 'ies oscillate a-

round the mean value, With four alleles or more, most of
the frequencies slowly approaches the mean value without
overshots, more slowly with more alleles in the popula=-
A

tion. The frequencies of diffepent plant genotypes Ffluc=-

i
tuate essentially in the same way as the allel frequen-

ciesg.
With three alleles it is shown that the plant frequencies
always approaches 1/3%, which is an equilibrium with glo-

bal stability. With more alleles

g 1
n{n-1J
2

the number of plant genotypes

where n is the number of alleles, 1z a stable equilibrium,
probably the only one, In the same way 1/n is a stable

equilibrium of the allel frequencissg.

ation of the standard deviation of the plant fre-
quencies in the second genevation, shows that the varia-
tion is so small “hat it ought to be possible to check
the model used, with a practical experiment with a four

allel system.

oy
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SIMNON - ETT INTERAKTIVT SIMULERINGSPROGRAM FOR OLINJARA
SYSTEM.

SIMNON 8r ett programpaket fér simulering av olinijdra
kontinuerliga system. Examensarbetet bestdr av defini-
tion av ett sprdk, som dr limpat f8y att beskriva olin-
jéra system. Programpaketet innehdller en kompilator,
som &r skriven i Fortran, och som &dvepsdtter sprikele-
menten till en exekverbar pseudokod. Vidare finns en
rutin f&r interpretering av denna kod. Resultatet pre-
senteras pé en bildskfrm. Kompilatorn, exekveringsruti-
nen och plottningsrutinerna dr sammanfogade till ett

flexibelt interaktivt simuleringspaket.

SIMNON ~ AN INTERACTIVE PROGRAM FOR SIMULATION OF NON-
LINEAR SYSTEMS.

SIMNON is.a program package for simulation -of nonlinear
continuous time systems. The thesis includes definition
of & programming language which is convenient for descri-
bing nonlinear systems. The program package contains a
compiler, written in Fortran, which compiles the elements
of the language into a pseudo code which can be interpre-
ted. Th

is is done by a speecial routine. The:results are
presented on a display. The compiler, the sxecution rou-

tine and the plotting routines are connected to form a

flexible interactive simulation package.



EXAMENSARBETEN T REGLERINGSTEKNIK HT-71.

I denna skrift ges ndgra férslag pd examensarbeten 1
reglerteknik. Arbetena presenteras i ett antal avsnitt,
vars rubriker definierar examensarbetenas allmdnna in-
nehdll. T varje avsnitt ges ndgra konkreta Térslag till
examensarbete. Listan Sver examensarbeten fdrdndras
stdndigt, s& om listan nu ej innehadller ndgot arbete,
som intresserar, kan det dyka upp nya fdrslag langre
fram. Den, som &r intresserad, dr védlkommen till insti-
tutlonen f&r nirmare diskussion. FBrsta kontakt bdr tas

med univ.lektor Bjorn Wittenmark.

Minga av de angivna examensarbetena krdver kunskap i
FORTRAN-PROGRAMMERING .,

Férutom de arbeten, som presenteras hdr, brukar dven
visza stbrre f8retag, t.ex. ASEA och SAAB, varje ar ge
ut listor med examensarbeten. I dessa finnes ofta mdpga

arbeten inom dmnet regleringsteknik.

Det dr Onskvirt, att teknolog, som utfdr examensarbeten

i regleringsteknik, deltager i undervisningen i négon

av fortsdttningsku»serna. D& dessa kurser ligger pd& var-
terminen i fyran, kan det ur studietidssynpunkt vara fopr-
delaktigt att pabdria examensarbetet innan forts&ttnings-

kursen &r avslutad.

Novenber 1971

K.J. Astrdm




For varje examensarbete finnes en ansvarig handledare.

Prelimindr handledare finnes angiven vid varje fdrslag.

KJA Xarl Johan Astrdm
GO0 Gustaf Olsson

BW Bjérn Wittenmark
IG Ivar Gustavsson

KM Krigter Martensson
PH Per Hagander

JW Johan Wieslander
LL Lennart Ljung

3L Sture Lindahl

TS Torsten S&derstrdm
GB  CGunnar Bengtsson
CK Claes K&llstrdm



1. ANALYS OCH SYNTES

All vésentlig teori, som presenteras i allminna kursen

1 reglerteknik, dr s& utformad, att den 1&tt kan auto-
matiseras. Allt arbete, som fordras for analys och syn-
Tes, kan utflras med hjdlp av en datamaskin. Vi har se-
dan lang tid tillbaka pd institutionen delvis med hijdlp

av examensarbeten arbetat med att skriva ldmpliga sub-
rutiner. Typexempel &r transformation av koordinatsystem

i tillstdndsrum, berdkning av stegsvar, impulssvar, si-
mulering, syntes av system med given Bverfdringsfunktion,
rekonstruktion av tillstdndsvariabler m.m. Milet med denna
verkgamhet dr att f4 ett komplett programpaket med wvars

h
p
ar nu firdiga. Ndgra examensarbeten dir dessa analys~- och

dlp man kan gdra samtliga f&rekommande rutinrdkningar

Qs Lo

ett mycket enkelt sdtt. Visentliga delar av pregrammén

syntesprogram tilldmpas pd konkreta exempel har utférts.
Vi &r emellertid mycket intresserade av att dessa program
anvdnds fOr dimensionering av reglersystem For ytterligare

ndgra specifika exempel.

T.ex.

1.1 Flervariabel analys av caykel {LL)

1.2 Bil - Modell och reglering . (BW)

1.3 B4t - Modell och reglering | (BW)

1.4 Stabilisering av dubbelpendel (BW)

1.5 Reglering av nivdn i en kraftverksdamm (BW)

1.6 Observerare (PH)

1.7 Dimensionering av reglersystem f&r (KJA)

inloppsldda pd en pappersmaskin .




2. PROCESSIDENTIFIERING.

Vid till&mpning av regleiteknik pd styrning av indust-

riella processer dr det mycket vdsentligt att ha till-
a

gdng till effektiva metoder fépr

ot
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ka modeller. Ofta dr det oprak
att erhdlla sddana modeller divekt ur de grundliggande
fysikaliska lagarna. Man dr d& hénvisad till att best

a
ma de matematiska modellerna genom mdtning pa processen.

Processidentifiering &r en systematisk metod att utifrdn
mdtningar bestimma de differentialekvationer eller den
Gverfdrings funktion, som beskriver processen. Detta Ar
ett av institutionens aktuella forskningsomrdden. Ett

flertal ewxamensarbeten finnes inom detta omride.

2.1 Val av insignal vid identifiering (IG)

2.2 Identifiering av system av hdg ordning (163

2.3 Test av gemensamma faktorer 1 Sverférings- (TS)
funktionerna

2.4 Programpaket fdr behandling av tidserier (IG)

2.5 Val av samplingsintervall vid identifiering (IG)

2.6 Identifiering av system med Adterstrdmning (16)
2.7 Frekvensanalys ‘ (BW)

2.8 Reduktion av modeller for dynamiska system (SL)

2.9 Identifiering av system med d8dtid, som ej {BW)

dr j&mn multipel av samplingsintervallet
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3. OPTIMAL REGLERING

Genom att formulera syntesproblem som optimeringsprob-
lem kan ménga av variationskalkylens kraftfulla resul-
tat tillédmpas fdr.att dimensionera reglersystem. De
vdsentliga teoretiska problemen &r i princip 1l¥sta,

men mycket arbete dterstdr vad betridffar utvecklingen
av numeriska algoritmer. Detta dr ocksd ett av insti-
tutionens aktuella forskningsomrdden. Ett programpaket
f8r dimensionering av regulatorer och styrlagar for
linjdra system med kvadratiskt kriterium, bade f&pr
diskreta och kontinuerliga system, har utvecklats. Des-
sa programpaket har tilldmpats pd ndgra konkreta exem-
pel. Erfavrenhet fr%n ytterligare till&mpningar Er emel-

lertid mycket visentligt. Fdljande arbeten finnes.

3.1 En ja&mfdrelse mellan olika metoder for att infdra (GB)
integratorer i linjirkvadratisk teori

3.2 Minimaltidsproblemet f8r en pendel (PH)
3.8. Linjdrkvadratisk styrning dv bit (BW)

3.4 Algoritmer £f¥r statisk optimering (XM)



. ESTIMERING. REELLTIDSIDENTIFIERING

Da alla tillsténdavariablér'ej'ar mdtbara midste dessa
rekonstrueras om man vill gdra en regulator som bygger
pd dterkoppling frén samtliga tillstdnd. Fép 1injdra
system vet man hur den optimala regulatorn ser ut men
déremot finnes det minga sdtt pd& vilka man kan program-
mera algoritmerna. Man har Hven fors8kt att Sverfdra
tankarna som ligger bakom Kalmanfiltreringen till olin-
jdra system s.k. utvidgad Kalman. Vidare férekommer of-
ta system dir parametrarna dr tidsvariabla och okdnda.
Med de ndmnda filtren kan dven de okdnda parametrarna
estimeras och filtret kan p& det sdttet utgdra en 1l&nk
i ett adaptivt system (Se avd 6)., Inom dessa omrdden

finnes fdljande f&rsiag.

.1 Statisk tillsténdsestimering i elkraftsystem (SL)
4.2 Uppskattning av parametrar hos mitgivare (G

4.3 Anvindning av utvidgat Kalman filter f&r ara- (GO)
b3 24 P

meteraestimering
bt Anvdndning av utvidget Kalman filter pd system (GO
3

t
som dr starkt oscillativa



5. REELLTIDSBERAKNING. PROCESSDATORN PDP-15,

Som ett led i institutionens verksamhet, som &r kon-

i

centrerad pd processreglering, har vi inkdpt en pro-

5

cessdator, som leverervats i juli 1970. Aveilten &r

g

bl.a. att p4d denna implementera och testa utveclklade
numeriska algoritmer p& verkliga processer. Att gbra
berdkningar i reell tid och med ett mycket begrinsat
minnesutrymme till sitt férfogande stdller helt andra
krav &n dd samma sak gdrs pad en stor dator. Bland exa-

mensarbeten i direkt samband med precessdatorn finnes.

5.1 Samband mellan samplingsintervall och regler- (BW)
algoritm

5.2 Riknetider f8r olika sitt att implementera (GO
Kalman filter

5.3 Reglering av bommen ' (JW)

5.4 Minimalvariansregulator med férléngd tids- (BW}
horisont

5.5 Syntesprogram f8r multivariabla system (GB}

5.6 Program f8r syntes med rotort (JW)

5.7 Program fér syntes med Bodediagram \ (W)

5.8 Simulering av enkelt dterkopplat system med (W)

olinjiritet
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6. ADAPTIVA REGLERSYSTEM,

Adaptiva reglersystem kan automatiskt anpassa sig till .
varierande systemdynamik. Bland de mest villinda exemnp-
len mirks automatisk volymkontroll i en radio, autopi-
lot f&r flygplan m.m. Adaptiva reglersystem ligger Hven
inom institutionens forskningsfilt. En rad tidigare exa~

mensarbeten har genomfdrts men flera Aterstir, t.ex.

6.1 Identifiering f81jd av reglering eller samtidig: (BW)

identifiering och reglering?

<2 Adaptiv styrning av linj4ra system med tids- (BW) -

(&3]
nNY

variabla parametrar

6.

[ev)

Bérvirdesoptimerande regulator (KJA)




7. MEDICINSKA, BIOLOGISKA, SOCIALA, EKONOMISKA SYSTEM.

Reglerteknikens metoder b&rjar i allt stérre uts tréck-
ning att tilldmpas dven pa icke tekniska system. Inom
féretagsekonomin har man sdledes infért reglerteknis-

ka begrepp under rubriker sdsom management information
system, management control system. Tilldmpningar finnes
dven inom medicinska, sociala och biologiska system.
Inom dessa fdl1t har vi ndgra examensarbeten, som bestdr
i att studera sddana system med reglertekniska metoder.
Syftet dr att underséka hur icke endast kvalitativa utan
dven kvantitativa aspekter av reglertekniken kan 8ver-

fras till dessa typer av system.

7.1 Modeller f&r "drug administration” (PH)
7.2 Makroekonomiska mcdeller (BW)

7.3 Simulering av ett produktions och forsdlininge~ (BW)

fébretag



1a.

8. NUMERISKA BERAKNINGAR, PROGRAM

Fér att f& verktyg att arbeta med V1ll vi ocksé genomféra
ndgra examensarbeten som r av mer numerisk karaktsr.

8.1 Minimeringsalgoritmer £8r PDP. (CK)

Inom identifiering och optimeringsteori vill man minimera
férlustfunktioner med avseende pd vissa parametrar. Dessa
mlnlmarlngsalgorltmer finnes nu tillgéngliga p& UNIVAC 1108
och behdver nu dven Sverfsras till processdatorn PDP-15.

8.2 Programpaket £8pr glesa matriserp. (SL)

Nir man stédller upp ekvationerna f8r t.ex. ett kraftsystem
fds midnga ekvationer vilket =tdller krav pd minnesutrymme.
Men i mdnga fall innehdller ekvationerna minga- nollor och
detta vill man utnyttja for att spara pPd minnesutrymme och
fér att minska rdknetiderna.
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9.

9.1

g a2

9.4

11.

DIVERSE

Ldtta och svdra reglerproblém. Anvéndning

av tumregler.
Analys av system med avsiktlig olinjéritet
Understkning av simuleringssprak

Konﬁtruktionsprinciper f6r industriella re-

gulatorer

(BW)

(BW)
(BW)
(BW)




