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MASTER THESES IN AUTOMATIC CONTROI 84-85

B. Wittenmark

1. INTRODUCTION

The education for civilingenjörsexanoen (Master Degree in Engineering) is

completed with an independent work, the Master Thesis (examensarbete). It should

show the student's ability to attack and solve a larger problem. The time devoted

to the thesis is about three month of full time work. The thesis can be made

individually or by two students together.

This report is a collection of the document pages of the theses completed during

the academic year 1984/1985. During this time 16 theses were finished by 18

students. The major part of the theses is made within the framework of the

research program at the department. Some of the theses are made as feasibility

studies or in cooperation with the industry or other departments at the

university.

Further information concerning the results can be obtained from the Department

of Automatic Control by contacting the advisor. The theses may be borrowed

through your library service or from the following libraries in Sweden:

Linköpings Universitetsbibliotek

Svensktrycket, 5-581 83 Linköping, Sweden

VB 2, Svenska Tryckavdeln.

Box 1010, 5-221 O3 Lund, Sweden

Stockholms Universitetsbibliotek

Svenska Tryckavdeln., 5-106 91 Stockholm, Sweden

Kungliga Biblioteket

Box 5039, S-102 41 Stockholm, Sweden
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Umeå Universitetsbibliotek

Box 718, 5-901 10 Umeå, Sweden

Uppsala Universitetsbibliotek

Box 510, 5-751 20 Uppsala, Sweden

2. LIST OF THESES

TFRT-5308 Björn Malmström: Dynamisk modellering och simulering av

värmecentral med fjärrvärmenät-tillãmpning Skurup (Dynamical

modelling and simulation of a district heating plant and network in

Skurup). July 1984.

TFRT-5309 Ulf Steen: Simulering och reglering av ett system

tre-fluids-värmeväxlare (Simulation and regulation of

including a three-fluid heatexchanger). June 1984.

med en

a system

TFRT-5310 Jan Eric Larsson: An expert system interface for ldpac. July 1984.

TFRT-S311 Carl Almquist: Automatisk utvärdering av mätvärden från en

hammarkvarnsprocess (Automatic evaluation of measurement values

from a hammer mill process). Aug 1984.

TFRT-5312 Peter Lerup: Ett grafiskt hjälpmedel för programutveckling i Ada (A
graphical tool for program development in Ada). Sept 1984.

TFRT-5313 Anders Jansson: Beräkning av regulatorparametrar med hjälp av i
regulatorn inbyggd process modell (Computation of regulator

parameters using gain scheduling). Sept 1984.

TFRT-S314 Kenneth Nilsson: Strukturidentifering av aktivslamprocessen

(Structural identification of the Activated sludge process). Nov 1984.

TFRT-S315 Ulf Persson: Reglering av system med variabel tidsfördröjning

(Control of systems with timevarying timedelay). Nov 1984.
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TFRT-5316 Bernt Nilsson: Enzymatisk hydrolys av cellulosa i tvåfas-system

(Enzymatic hydrotis of cellulose in two-phasc system). Dec 1984.

TFRT-5317 Magnus Taube: Grafisk presentation och editering av matemat¡ska

uttryck och reläschema (Graphic Presentation and editing of

mathematical expressions and ladder diagrams). Dec 1984.

TFRT-5318 Ulf Holmberg: Simulering av aktivslamprocessers dynamik (Simulation

of the dynamics of activated sludge systems). Febr 1984.

TFRT-5319 Magnus Lundblad, Richard Svensson: Simulering av frekvenssyntes

(Design and simulation of frequency synthesis). Dec 1984.

TFRT-5320 Mårten Lindberg: Reglering av aktivslamprocessen vid AKO,

Karlshamn. En förstudie (Control of an activated sludge process at

AKO, Karlshamn. A feasibility studie). Jan 1985.

TFRT-5321 Jonas Brånhult: Optimal "fed-batch"-odling av jäst (Optimal fed-batch

growth of bakers yeast). May 1985.

TFRT-5322 Ulf Adamsson: Infrysning av livsmedel - simulering av en industriell

process (Freezing of foods - simulation of an industrial process).

May 1985.

TFRT-5323 Stefan Nilsson, Tor Sjödin: Autonom reglercentral (Stand alone

controller). June 1985.
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3. L¡ST OF SUBJECTS

Subiect

Adaptive control

Analysis and synthesis

Biological processes

Digital control

Expert systems

Modelling and identification

Power systems

Programming tools

Waste water treatment

4. DOCUMENT PAGES

Thesis

5315

5311,5323

5316, 5321

5317

5310

5308, 5309, 5319, 5322

5308, 5313

5312

5314, 5318, 5320

The following pages contain the document pages of the theses. Most of the theses

are written in Swedish with only an abstract in Enlish.
J



MASTER THESIS
oocumenf nomê

Ju'ly ì 984
Oolc of issuc

LUND INSTITUTE OF TECHNOLOGY
DEPARTI{ENT OF AUTOI'IATIC CONTROL
Box 725
S 2?0 07 Lund 7 Sreden

c0DEN . LU-TFD2/ (TFRT-5308 )/ ( r -63) / (l eB4 )

Oocumcnl numbc c

Supervisor
Björn W'ittenmark

Author lsl

Björn Malmström Sponsoring orgonirotion

Tiltc ond sublitlc
Dynamisk modellering och simulering av värmecentral med fjärrvärmenät - til'lämpning
Skurup. (Dynamìcal modelìing and simulation of a district heating plant and network
in Skurup. )

Key wo¡ds

Clossificotion systcm qnd/or inder tcrms (if onyl
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A st roc t
The thes'is analyzes a heating system compris'ing a heat pump, auxil'iary bo'ilers, i

pìpìng system, and bu'iìd'ings, including the internal rad'iator systems. The work con-
cerns a given plant in the town Skurup ('in the southern part of Sweden), where the
task was to examine the cooperation between the various generat'ing plants to provjde
a basìs for improved control system operation.

A general d'iscription is first given of the various part systems, inc'lud'ing:
selvage water system (the heat source), heat pump, radiator systems, oil boilers,
and the control system.

From plant measurements the followìng main conclusions can be drawn:

- The radiator supply temperature shows a sìgnificant devìatìon from st'ipulated value
- A propensity to unstable controì system operatìon is observed

For system parts dynamìca1 models were developed and the performance of the system
as a whole was simulated by means of the computer program called SIMNON. As an
important result the auxiliary boìlers were seen to partly replace the heat pump
durìng start-up periods.

0istrlbution: The report may be o¡dered from the Departnent of Autonatic Controt or borrored through
the Unive¡slty Library 2, Box 1010, S-221 03 Lund, Sueden, Tetex: 33248 tubbis Lund.
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CODEN :LUrFDz / ( TFRT- 5309) / 0-064 / ( I 984 )
Supcr vi s or

f
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0olc of issuc

o(umenl num

I 984

LUND INSTITUTE OF TECHNOLOGY
DEPARTI{ENT OF AUTOI.IATIC CONTROL
Box 725
S 2?0 07 Lund 7 Sweden

Ul f Stíen Sponsoring orgonizotion

Simulering och reglerjng av ett system med en Tre-fluids-värmeväxlare.
(Sìmulation and regulation of a system including a Three fluid heatexchanger.)

litlc ond sublitlc

Kcy wonds

Ctossificslion systÊm qnd/or indcx lcrms (if onyl

Supplcmcntory bibtiognophicol ínfo¡mqfion

f55N ono kct llflc ts8il
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Scc uri ty clos¡ificolion
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In this report the equations that describes the dynam'ics of a three-fluid heat-

exchanger and also in a counterflow radjator are derived. To be able to s'imulate

the dynamic wring the simulationlanguage SIMNON, the equat'ions has been dis-
cret'isized. The discret'ized models presented has shown a non-min'imum-phase effect.
To control and regulate a system cons'isting of a three-fluid heatexchanger

followed by a radiator, the out-temperature of the radiator's airflow was feedback

with the mass-velocity of the radiator's waterflow with a PI-regulator. It was shown

that disturbances on the system was qu'ickly eliminated with th'is feedback.

In this report examples are gìven how to further develop and'improve the

mathemat'ical models and the regulation of the system.

Distribution: The report may be ordered from the Department of Automatic Controt or borrorcd through
the Universlty Llbrar), 2, Box 1010, 5-221 03 Lund, Sueden, Tetcx: 33248 tubbis Lund.
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K¡rl Joh¡n Â¡trön
Jr¡ Erlc L¡r¡soa .¡l¡.

An Expert System Interface for ldpac

I

Alst¡rt

This masters thesis deals with the design of an expert system forperforming systems identification. The system is to be used es anexpert interface for ldpac, a command driven, interactiveprogram. There is a brief overview of systems identification andpossible user types are discussed. The túesis treats the different
P".t: of an expert system: the data base, the production ruleshandling system and the user interface. Some aspects onimplementation and the feasibility of using an existing frameworkare glven. Flnalty, a small rule base for systems identrfrcatlon isdeveloped.

Erport Syrtour, Elport lntorfrcol,
Intor¡ctlon, Syrtonr ldonüflc¡üon.

ttl¡t¡trrt lrrn

Engltrh tq.t
84

-ì
¡
t¡

3

=¡

-

=C'
t¡

Dl¡t¡lhrtto: lho rlpor! ¡¡y ¡l ordrrcd-flu tño D.D.rt..rt of Ar¡ta¡tlc Gcrtrot or öcal.-d tir..lttL lhlvomltv LlÞr¡rv 2, lcr to¡lo, s-22t I trnd;-õ;¡;, Trl¡l¡ lll¿¡l trâùt¡ trrú.



LUND INSTITUTE OF TETHNOLO6Y
DEPARTMENT OF AUTOMATIC CONTROL
Box f18
S 221 00 Lund Sweden

Oocument nqme

Master Thesis
Dote of issue

August I 984

(TFRT - 53il )/r-058/(1e84)
0ocument number

Aufho¡(sl

Carl Almqu'ist
uPervts0r

örn l¡J'ittenmark
Sponsor rng orq qn zo 0n

Tilte ond subtitte

Automatisk utvärdering av mätvärden från en hammarkvarnsprocess

(Automatic evaluation of measurment values from a hammer mill process)

Abstroct

The process'in a mjll ìs frequentìy monitored with the assìstance of list of

measurment values and alarms from the process. Much time and concentration is

sometimes needed to interpret these lìsts.

If the process is described us'ing a model the ìnterpretation can be made automatica

by a computer. This would unload the operator and permit the concentrat'ion of the

operator to be focused on running the process in an economic and energy sav'ing mannr

ThÈì possibilities of creating such a model, describing a hammer mill process, are

stud'ied. D'ifferent parameters and methods of measurìng these are discussed. The

results of the discussions lead to a serìes of measurements related to the process.

An attempt'is made to set up a model to desribe how efficently the energy'is used

and the quality of the product. The results is expnesses as the coefficient of proc

effìcency and is g'iven in percent.

The measurement results show very complicated'interrelations. They are too few to

allow an acceptable model to be set up.

In spite of this some conclusions have been made. It seems as if the hammer mill

used for the investjgations is run unefficent'ly and w'ith great stress. The probabl

reasons are brought up and suggestions are made to el'im'inate the causes.

Key words

Ctossificotion system ond/or index terms {if ony}

Supplementory bibliogrophicot informotion
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Distrìbution: The neport may be ordered from the Department of Automatic ControI or borrowed through
the University Library 2, Box 1010, 5-221 03 Lund, Sweden, TeIex:33248 Lubbis Lund.



Master Thesis
O¡tc pf i¡suc
5epremDer

0o(umenl nomê

LUND INSTITUTE OF TECHNOLOGY
DEPARTHENT OF AUTOMATIC CONTROL
Box 725
S 2?0 07 Lund 7 Sweden

CODEN :LUTFDZ/ (TFRT-531 2\ /1-144/ (1984\
0o<umcnl numbcr

Supcry as or

Hildinq Elmqvist
Aut hor ls)

Peter Lerup
Sponsoring orgonizotioo

l(ey words

Clossifisotion systcm ond/or indrx lçrms lil onyl

SupplÊmcntort b-bliogrophicol informofion

lSSft ond krt titlÊ tsËi

L qnguogc

Swedish 144
ilumùcî 0f pogrs

5!curaty clossificqlion

Rccrp¡rnt's oot¿s

Titlc ond subl C

Ett grafiskt hjä'lpmedel för programutveckling ì Ada.
(A graphical tool for program development in Ada.)

Abstroct

Nowadays abstraction, 'information hiding and modularizatjon are well known
concepts which can be used as tools when creat'ing ìarge, complex softv,rare
systems. Ada is a programming language wh'ich makes good use of these concepts.

A system has been developed whìch, by using computer animat'ion, creates a

"programming space" for an Ada program. A user of the system is able to move
around within this space consisting of his own Ada program, and place himself
at its different nodules. llJithin each module one of the different levels of
abstractjon can be selected and this level can be studjed or changetl. Further-
more the user is able, when in a modu'le, to zoom down to submodules on a lower
hìerarchical I evel.

All this makes it eas'ier to obtain an overview of a complex system and facil-i-
tates the use of modularization, information hidìng and abstraction.

The system can be regarded as a prototype of a software developing system for
Ada 'intended to be used on scientific personal computers.
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rt môy be ordered from the Department of AutooatÍc Controt or borrorcd through
2, Box 1010, 5-221 03 Lund, Sweden, letex: 33248 Lubbig Lund.



Master thesis
Documcnt nome

Dolc of issuc
September

LUND INSTITUTE OF TECHNOLOG Y
DEPARTI{ENT OF AUTOÈIATIC CONTROL
Box 725
S 220 07 Lund 7 Syeden

CODEN:LUIFDZ/ (TFRT-531 3) /1-047 / ( I 984)
Documcnl numbcc

Supe rvisor
Björn l^Ii ttenmark

Autho¡ lsl
Anders Jansson

SÞonso¡ing orgonirqt¡on

Key words

Clossificotion system ond/or inder lcrms lif onyl

ct lsEi

L on9uogc

Swedish
l{umbcr of gogcs

47
Sccurity clossificolion

Rrcrp¡!nt's notcs

Tilte ond subì llc
Beräkning av regulatorparametrar med hjälp av i regulatorn inbyggd process modell.
(Computation of regulator parameters using gain scñedul'ing.)

A b stroc t
This master thes'is describes a way to construct a controller with a built-in
model of the controlìed process, naking it possible to increase the perform-
ance over the whole working-area. This resulted in a gain-scheduled controler.

The approach has been applied to the control of a hydro-power station, whichis a nonl'inear and non-minìmum phase process.

The a'im was to improve the performance of frequency control, on disturbances
from the connected grid.

Th'is resulted in a built-in linear model whose process variables change wìth
the working point of the hydro power process.

Controller parameters are computed from this linear model and used for the
control of the non-linear process.

Simulatìons for the comparison between the hydro power system with a con-
ventional controller e.g. PID with fixed parameters, and the descrjbed con-troller have been made.

This master thesis has been done at the Department of Automatic Control,
Lund Institute of Technoìogy.
Inititator was ASEA Otkus, Lund.
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Distribution: The report may be ordcred from the Department ef Autooatlc Controt or bor¡o¡red through
the University Library 2, 8ox 1010, s-221 03 Lund, Sreden, Tetex: 33248 tubbis tund.
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Master thesis

0olc of issu¡
November

LUND INSTITUTE OF TECHNOLOGY
DEPARTHENT OF AUTOMATIC CONTROL
Box 725
S 2?0 07 Lund 7 Sweden 0ocumenl numbcc

CODEN :LUIFDZ/ (TFRT-53.l a) /1r'052/ (l 984 )
Supervis or
Gustaf 0lsson

Aut hor ls)

Kenneth Ni I sson
Sponsoring orgonizolion
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trukturidentifiering av aktivsl amprocessen.
Structural Identification of the Activated Sìudge Process.)

In tfis report, the poss'ibilities to identify unknown model parameters are
studied,.using redl measurements. The actual model describes'the b'iologica'l
reacton'in a wastewater treatrnent plant. The model contains many unknown
parameters, which makes it awkward to simulate and adapt all of them at the
same t'ime. For that reason the model is divided into smaller parts.

First the differential equation of dissolved oxygen has been studied. The
dissolved oxygen model is simulated using two'input signals, the air flow and
the influent water flow rates. The output signal (dissólved oxygen) fnom the
model is compared with the real output. This gives an est'imatioñ of the ,

oxygen uptake rate OUR of the rnicroorganisms, and of the oxygen transfer
rate 

"

Further the suspended sol'ids concentration is studied, using the calculated
0UR. From the OUR the specific growth rate for zooglea'l orgán-iSms is cal-
cu I ated.

It'is difficult to veÉify the mass balance of the substrate due to'insufficient
measurements.

At last some s'imulations are made with an expanded model.

w

S upplemcntory

Dfstribution: The report may be ordered fron the Department qf Automatic Gontrot or borroyed through
the University Library 2, Box 1010, 5-221 03 Lund, Sweden, Telcx: 33248 Lubbls tund.
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LUND INSTITUTE OF TECHNOLOGY
DEPARTT{ENT OF AUTOMATIC CONTROL
Box 725
S ?20 07 Lund 7 Sweden

CODEN :LUTFD?/ TTFRT-531 5) /t -058/ I I 984)
Document numbcr

Supct'v isor
Björn I^J'ittenmark

Aut hor lsl
Ulf Persson

Sponsoring orgonizotion

Regìering av system rned variabel t'idsfördröjning"
(Control of systems with tìmevary'ing timedelay. )

Titte ond subtitlc

Supptcmentory bibtiogrophicol info¡mofion

ISSN ond kct tittc tsEil

L onguoge

Swedish
p09csNumbcr of

58
Sec uri ty clossíficoÌion

RcUpr!nt's notcs

A l\.- roc

A method for control Of, systems with tìmevarying time delay is jnvest'igated.

The control algoritm can be viewed as m'inimizing the expected variance of an

auxillary signal which is a funct'ion of the system output, input and reference
signaì.
The auxi'llary signaì is defined in such a way that the auxillary-system time

delay are less or equal to the,system time delay.
The parameters in the control il,aw are estimated by the method recurs'ive least-
squares from the auxillary signaì.
The only needed knowledge of the process js the order of the process polynomìaìs

and the max'imum time delay.
The method is ìnvestjgated using simulat'ion with the interactive simulation
program package SIMN0N.

It jS shown that the controller can adapt to changes in the t'ime delay.

Key wor

ttossificotion sys lc¡ms I if onyl

Distrlbution: The report may be ordered from the Department of Autonatlc Gontrot or borrored through
the Universlty Librany 2, Box 1010, s-221 03 Lund, Sreden, Tetcx:33248 Lubbìs Lund.
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Document nomc

Master thesi.s
Dotc of issuc

December

LUND INSTITUTE OF TECHNOLOGY
DEPARTMENT OF AUTOMATIC CONTROL
Box 118
S 221 00 Lund Sweden 0ocumcnt number

CODEN :LUTFDZ / (TPRT- 5316) /:l -063 i ( I 984 )
Authorlsl
Bernt Nilsson Per Ha and

SPo 0nns0rrn9 019 on tzo

Superv i sor

(Enzymatic hydro'lysis of celluJose 'in two-phase systems. )
Enz.ymatisk hydrolys av cellulosa i tvåfas-svstem-

T¡lte ond subtitte

A bstroc t

A comparison of experiment and pub'liced models of enzymatic hydroìysìs of cellulose
gi ves:

The three models, that have been studied, predict batchwìse experiments with
satisfact'ion.

The models do not give satisfactory predicts for a continuoLtsprocess. -

The models were not good enough for wider studies of a continuous process, like
for process engineerìng purpose or automatic control design.

A Flow Injection Anaìysìs-system with a dia'lysis probe is a good alternativ f,or
on-line analysìs of enzymatic hydroìysis, also for the purpose of automatic con-
trol .

In a continuous two-phase process for production of glucose a SlS0-regulator can

be used for control of glucoseconcentration.

Reconstruction shoul'd be used i n control 'l 'ing enzym acti vi ties i n the process.

Continuous time control des'igh is enough, because the hydrolysis dynamics is slow.

Key words

Ctossificolion system snd/o¡ inder terms lif qny)

Supplemenlory bibliogrophicol informotion
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Distribution: The report may be ordened from the Department of Automatic Contro[ or borrowed through
the University Library 2, Box 1O1O, s-221 03 Lund, Sweden, TeLex: 33248 tubbis [und.



LUND INSTITUTE OF TEIHNOLO6Y
DEPARTMENT OF AUTOMATIC CONTROL
Box 118

S 221 00 Lund Sweden

um?n nomt

Master thesis
Dqte of issue

December
0ocument number

C0DEN:LUIFDz/ TFRT-53I 7 /1-12 I 984
Aut hor lsl

Magnus Taube
Supe r v

Hildin EI vi st
Sponsor ng 0rg on 2

Tiìle ond subtitle

Grafisk presentation och editering av matematiska uttryck och reläschema.

A bstroc t

Input- and output to computers are generally stìì1 line oriented. l^lith personal

computers in combination with bitmapped displays it is possible to use a more

soph'istacated form and leave the lìne orientation.

A system for presentation and editing of mathematical expressions in conventional

mathematical notation is implemented. Boolean expressíons can also be presented

as ladder dìagrams.

As a separate part a compileris implemented. The compiler takes a ladder re-
presented by vector3 and texts as ìnput and buiìds up the corresponding boolean

expression.
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Thls master thesls descrlbes en ald to construct a Phase Locked Loop, ( PLL ).
The aim was to simulate and dimension a PLL with it's specÍfications given.

The simulation language Slmnon Is used to slmulate the non-linear PLL
system. The PLL have both continuous and discrete component's. This make it
difficulte to analyze an PLL wÍth other methods than simulation.

The main problem to solve was to decrease the adjustment time and keep the
dampingfactor on adjacent channel's at a specified level.

It's possíble with the written proslrams to see what influence disturbances
and component variations have on the system.

Two interactive programs have been written. These programs make it
possible to dimension and sÍmulate a PLL in an easy way, without knowing
any Slmnon commands.

This master thesÍs has been done for Ericsson Radio System AB, Lund.
Supervision has been given from the Company and from the Department of
Automatic Control, Lund Instltute of Technology.
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method for the heat conductlon equatlon with temperature-dependent
coefficients. A mathematical model of the freezing process is descrlbed, and a
Pascal program for simulation of the Frigoscandia Gyrofreeze (spiral freezer)
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