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1. ÏNTRODUCTION

I'lre educatiotr for civi l ingen¡ör.sexarìren r.l"lasten Degree in
Ëttgitreeritrg) iE corrrFl.eted with ån indepetrdent workr tþe
f"laster Tlregis (exartrettsa rbete] . It slrou Id s]low t]re student' s
abi 1. ity to attaek and solve a langep probrem, The time
clevoted to the thesig is about tlrree rrronth of ful I time
work. The thesis cårì be rnade individually op by two stude¡rts
toget he r .

ïlris repont is ð eol.leet iotr of the docurrrent pêges of ttre
tlreses conrpleted during the aeadernic year l?Ë1 /IqÐ?. Duning
tltie time 3rl tJreses wel'e finislred by 4t) students. The rnèJor
pa rt of the theses is rnade wittri tr the f r¡nrework of tlre
researelr prograrn at tlre department. Sorne of the theses àlae
r¡rade ê¡Ê feasi bi I ity stud Íes ol. i n eooperat ion wittr tlre
itrdustry or other. departurents at ttre unÍvensity.

F'urtlrer itrfor¡'natiot'r coneerrring tlre lsesuIts ean be obtained
frotn the Departmetrt of Autornatie Ëontpol by contaeting the
adviËor" The tJreses are svai lable at the university Libnary
1n Luncl (:Addr"elss; univer'sity Librer.y lr Box lolor s-t?r üE
Lund r S¡¿eden) .

T. LIST OF THESTS

TFRT-5Ë4Ë! lled Er Tlrorselius K: Adaptivt brånsleflödesr.¡råt-
ningssystern för r'notorfondon tiAdaptive fuel. €1ow
rlrËËrsuring systern for r'noto¡" vehicles). JuIy 1?Ë1.

TFRT-534? E¡erke O¡ Dimerrsionering êv en multivariabel
styrl.egulator fot" en robot samt en undersökning
èv villkor föp stabilitetsr'¡largirraler för
rrultivariabla systern tlDesign of a multivariable
elevator eorrtrol ler for a rnissi Ie and an insigtrt
irrto co¡rditiorrs of r.obustness of multivarieble
systemsit. July 1?Ë1.

T'FRT-5Ê5{} Harrsscln P! Inrplerne¡rtering av
PI-regulstor (Irnpler'nentation
PI-controllen). July 1?:31,

s¡åIvinståI lande
of self-tuning

AtrdelisËcln J ! Irirplernenteri ng av
reg lersystern t. Inrplernentat ion of å DDC-á
syster'rr). Aug 19Ë1.

DDC-6
cont no I

T'FRT-'5351
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TFRT-5Ë5I

TFRT-.5T53

T'FRT-5T54

T'FRT-54-5F

T'FRT'-5l. /:.

TFRT..5?57

TFRT*53AEI

TFRT-5359

TFRT-5f /¡C¡

TFR'T-5!Â1

T'FRT-5:åI

TFRT-5TÉ,3

Gunna rgËoÌ1 l{ !
gene l.å I ¡trode I

Ërr1ãnuelsson Cr Theander G! Optimal instå11ning
êv PID-.¡"egulatorer rrred h¡å1p Ë¡v forlust-
funktimnsoptirnering (Optir'naI turring of
PID-corrtnol lers usirrg Ioss funetion
rninirrri¡ation) . Aug 1?13I.

Ni Isson P-A: LastlranteringsprogFånì för s¡å1v-
lossatrde r'naIi¡tfaFtyg (:EåFgo-Ioading pl.ogFðrìt fon
self-loading ol'e-vessels). Aug 1?Fi1.

Ëlfgren L-G: Ter'rrperaturpeglering rned s¡å1v-
i rrstË¡L Ia¡rde PID- regu lator t Ternperatu re cont rol
with self-tutring PID-eontrollers). Sept 1?Ë1.

Löfst r.and P-Al PID-l"egulatorer i en Fpoeess-
ter¡ni rra L r:PID-Fegu lators i n a Fpoeess tennri na I ) .
June I?t31.

Minör Sr Pernrvall Ot PascaI för
(lPascal for PC-'syste¡'rrEJ . Sept 1?Ê1,

PC-system

tJi hst röm A c Evolut iorrå nt stabi Ia st nateg ier
(ESS) i er1 predator bytesd¡u rs model I
tlËvoLutionary stable strategies (ESS) in å
predatoP pr.ëy nrodel ) . Sept 1?81.

Olrlsson Ëi : Prog ì"aûtvå l.å for tenn¡i na I nred Eoorn
(Software for terrrrinal with Eoorn). July 1?Ë1.

Recurçive identifieation using å
st t"uctu re . Oct 1?E I .

Unerarrr l"lr l,Jegel id L¡ S¡ålvinstål Iande EEFvo
impleúTentetåt nrecl rnikrodator (:A micnopt"ocessor
ir'nplerrentaticln of ã self-tuning servo). Oet
1?É1.

Hagberg U! ModeL ler oclr prediktion åv
e€fekt{:örbrukningerr i f¡årnvårrneverk (Model and
prediction of fie¿t load in a distnict lreatirrg
systerrr). Nov 1.7Êl,

Â r¡Ér'r l{-Ë ; L.OGIiER - An i trte ract i ve
data logging oÌr PDP-I1. Nov 1?Ë1.

Fl'og Fam for

Hillbur Al Mikrodatorbaserad temperatuFFEgulator
för ystka r (l"lieroconrputer based temperatu re
corrtrol.ler). Nov l?811.

Eååtlt Lr lvlalr'rrqvi.st P-O; 5¡åIvinstållande
regulatorer på mihrodator i lrögnivåspråk
(Self-tuning r.Bgulators o11 ê micro-eomputen in
high-leveI letrguage). Nov 1?t=1.

TFRT-5Ë/j4
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TFRT-SIá5

TFRT-FT4./:,

T'FRT-FTå7

TFRT-5.JÉ,ÈI

TFRT-5I/å?

TFRT.EË7C¡

TFRT*FË71

ïF RT...5r7t

TFRT*5Ë73

TFRT"5T74

TFRT_537F

TFRT.-5Ë7Ê,

Btarnoulis Ar MouEtakas T! AIgorÍtmer för
digitala PID-pegulatorer (Algorittrms for digital
PID"eontpollers). Dee 17!:!1.

Mårtenssorr E: Zel*oË of ser'npled syster'rrs.
Ja n 1?E¡? .

ttal l iakrnanis Nr Tsanis E¡ Experirr¡entel l under-
soknitrg åv blarrdnitrgspt"ocesÊi t.Itrvestigation of a
r'nixing proeess). Jên 1'7Ë!,

Axelsson J P: Regler"ing av sackaroshalten vid
ferrnerrtet iotr i etr reakton rned kont i nuerl igt
flöde (EontroI of sucFose eoneerrt¡ation in Ël

ferrrerrtor witlr corrt i nuous f Iow) . Febr 19Ët=.

Heder Nr Speidel T
SLIRSII'l (Prestudy åv
1983.

Fo rstud i e
tlte F rÕg rår'rr

av P l'og ra¡nrttet
SLIRSIM). Mareh

AndeL l L.-ÄE S¡ålvinstål l.ande PID-regulator för
systertt rtred t idsförd rö¡ nÍ ng (A sel f-tuni ng
PID-contt"oL ler for systems with ti¡ne deley) .
I'la reh 1rlElË "

Sandin EI tJul1t T! Expepi¡'nent rned datorstyrd
kännande robot (:Experir'rrerrts with å computer
eontrol Ied touch-Eerrsing robot) " Aug L?8?.

Eriksson Gr Molin B-A! Design of
speed controller. l"lay 1rlË1.

ê¡ digital rnotor

Persgotr I'l; Måtning E¡v banhastiglret
t i.onstekni k (.MeaEu re¡nent of web
co r re I at i on ¡rret hods ) . Ju ne 17Ë'¡ .

r'ned korrela-
speed using

Rurrdqwist L! Matlrenratical
sirrrulation of arr extrude¡-. Jurre

rtrodellittg
t?Ë'¿.

for

Bengtsson T; RealtidEkårna fön Motopolðs l"lC
/:'!:lürlC) rrri k roprocessor ( Rea 1-t irne kernel for
l"lotor.ola lvltr át:lüüC, rnicrc¡ pr.ocessor*). June 1?Ê1.

PerEson T: Högupplösarrde fårggnafik for
operatöt skomrTru¡ri kat ion (Higlr-resolut ion eolou r
g ra ph i cs i. rr eont ro I systerns ) . Ju ne 1-/ËË .

Li 1-¡a M ¡ Gluantum rneehanies and non-1i nean
f i Iterirrg. Jurre 1?EË.

TFRl"-5Ë77
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3. LIST OF SUEJECTS

sgÞ.tegÈ

Adaptive control

Arralysis end syntlresis

Biological syster'rrs
Deta lrand I i ng arrd ident i f icet ion
Digital control

I'lodel l Íng and Íderrtif ication

Prognamrning and computer seienee
Robot ics

4. DOEUI"IENT FAGES

Tlre following påges contain
theses. Most of tlre tlreses are
ã11 åbstnact in EnIislr.

tlre doeu¡'nent pðges of tlre
written i¡t Swedislr with only

lbeele
5?50 r
53&4 r
524'? t
5277
5257
5?5? r
5251 r
5.272
5?4Ë r
ã2h7 t
5256 r
5?7 L

535Ë r
5t70
52,hbt

5354 r

3?h7 t

5ä6t) r

5?åÐ,

5262 r

5153 r
5?73
52551 5165r

5t57 r
.5Ë69 r
5158 r

5Ê61 r
ã274
5275 r

5lê3 r

â27b
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Abstroct

This work is ment to make it probable that, without direct measurement

in the fuel 1ine, it is possible to calculate the fuel flow with other

parameters.

The investigation is made in one specific case, for a four cylinder carburetor

engine. I^lith the model parameters engine speed and intake manifold pressure

it is possible to construct a model which showed a good agreement in a

eompariscn with the car. Furthermore the system can be automatically calibraEed

using the least squares estimation.
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AbsfrocÌ =

This paper considers'impLementation and test of a seLf-tuning PI-controLLer"

based on poLe-pLacement. The aLgolithm has been impLemented in BASIC on an

ABC-80. The sampLing of measure vaLues and settìng of digitaL outputs has

been done with a remote station TAó500.

The controLLer has been tested on two pnocesses. First on a testprocess where

the temperature from a hairdryen has been controLLed. Secondly, the suppLy aìr-
temperature to an office buiLding has been controLLed. The aLgorìthm has

worked weLL at the testprocess and after some modificat'ions even at the

rea L process.

on9u09t Rec p sn0
Swedi sh
ccul ctos on

Distribution¡ The report may be ordered from the Depantment of Automatic Control or borrowed through
the Univerbjty Library 2, ãox 1010, 5-221 03 Lund, Sweden, Te[ex:33248 [urrb'is Lund.

n



Organization
LUND INSTITI.TTE OF TECHNOLOGY

Dept of Automatic ControL
Box 725
5-220 07 LUND 7 SWEDEN

Document name
MASTER THESIS

Date of issue
August 1 981

CODEN:
LUTFD2/ (T FRr-5251 ) /O-O85/ (1 981 )

Jonas Andersson

Sponsoring organization

Title and subtitle

ImpLementering av DDC-ó regLersystem
(ImpLementatìon of a DDC-ó controL system)

A descr.iption of the impLementation of Di rect D'igitaL Control systems at TAIAB

(Tour & Andensson rndustriaL Automation AB), and a study of the probLems'ìn such

work. IncLuding a technicaL intnoductìon to the TA 6500/6501, decentraLized DDC-

system.

Key words A4 A5

Classification syst€m and/or index terms (if any)

S upplementary bibliographical information

ISSN and key title ISBN

Recipient's notes Number of pages

85

Price

S ecurity classification

ôf

sl.

@
'r)
U)

o

,l
Êe

F
Ê
Fz
l¡l
¿
Þ
v

Distribution by (name and address)



Document nome

MASTER THESIS
Oote of issue

Âr roucf 1 981
Docúment number
coDEN: LUTFD2/ (TFRT-525Ð /0-0751 (1 981 )

LUND INSTITUTE OF TETHNOLOGY
DEPARTMENT OF AUTOMATIT CONTROL
Box 725
S ?20 07 Lund 7 Sweden

Supervisor

FliÄrn lJi f tonm¡nk
Sp'oñirjiìdó óis on izotìon

Author(s)

CLas EmanueLsson

Göran Theander

T itle on d

Optimal
(Opt i ma L

subtitle

instäLLnìng av PID-neguLatoner med hjäLp av fönLustfunktìonsoptimering

tunìng of PID-controLLers usìng Lossfunction minimizat'ion)

Key words

ind¿x tcrms lif onylCtossificqtion system ond/or

Supplementory bibtiogrophicot informolion

ISB NISSN ond key tilte

RecipNumbcr of pqgas

75
Longuogc
Swedi sh

@

F-(x

o
J
fD

F

o
F

-u
2
:)
Y
c)
o

Abstroct '
This report treats the adjustment of the parameters of an anaLogous PID-controLLer

usìnd a search method whìch optimizes a Loss-function. A process modeL ìs up-

dated periodicaLLy by means of a suìtabLe identification aLgorithm. The Loss-

functìon'ìs minimized by using a search aLgorithm. This is done by comparìng the

vaLues of the Loss-function fon diffenent setting of the parameters forming a

vertex of a geometric structure in the functìon space and repLac'ing the vertex

wi th the h'ighest vaLue with a net^l caLcuLated vertex. t^lhen acceptabLe controL Ler

parameters ar.e obta'ined these can be automat'icaLLy or manuaLLy transmitted to the

nea L cont roL Ler.

The system has been s'imuLated and has been found to work satisfactoriLy especiaLLy

when usìng reference modeL to caLcuLate the Loss-function.

Ên s s
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Abstrocl

This paper is an outLine of an impLementation of reguLator-aLgonithms in

a microcomputer-based process term'inaL. The programs are inspired by a DDC

system at the Depar.tment of Automatic ControL, Lund Institute of TechnoLogy.

A s'impLe reaL-time scheduLer after an idea of Sven Erìk Mattsson is pnesented

and some usefuL appLicatìon programs are giVen. The programs are not yet

tested so thìs paper must be Looked upon more as a proposaL than a neady-to-

-use product.
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A eode generator for a sora I t PC (Satt-Eleet ronies PBS-mi ni )
is irrrplenrented. A Pasca I cornpi len pnoduei trg P-eode has been
used. Because of the Iimited hardware strueture of the
ob3ect PCr eompared to a geneFèl eornputenr the P-code is
partial ly evaluated. Tlre code produeed by the code gÈheraton
hasr aften optimizationr shown to be ês efficient as
ha¡rd-coded PC-code.
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UgËEtL=
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i: t]!í[ô l!)ß-BYIHEE JU IF

Pl-iË[rirTi]F't FEËY f'l(lDi:l-.. l

åBSIBÊçI

A systern o'F oidinåi"y notrlitrear differ':tl'hi.rl s'guä'Lions i:.
used to exantitre evnlutiotrary r--hattçr::-- iil a p¡eda.tÊ.I-*Ëìlqy
ctli¡'¡q¡i!y. Evulul:j.on i.tltlre 13 paratrreL,el r'F Ifie predal-or ¡trrJ
.tlre I parartie'Ler of tl-r's ptey it't'Fl.uetrncl the ;\. ¡*t",iineter nf tlrt'
rnodel. ThÍs is rJi=cr'ibed try nteternatical iL.r rrc)t: irrrlr.t so-c;l 1l.ed

fiÈngsselfulc!-rpu:¡. It iE exåfr'rined if, ttre l:r:')ìtr'i¡ sf the cul'vË
of ttre f itrressetfr:nrt ion inf luetree thi: pÈüsib:i.I ity of the
predator a¡rd the pl.tryt t"espect:lve1.r*r [:o develop cltl

F=yefq!fet1å.!:y-E!.;j.þLe-Elf:Ê'teqy*-{EEËf. IL is *1.çn Êrxètr¡'rÍtred lrotnr

evolutioti oF ll ¡ntJ l"t respectivel5'¡ t'eflecL orl tlre
eeological g!-eÞrL.l.l,y of t-tre coriilirutrit5" Tire result of
grlalyEis_gnc_Eiüg}a.L.i.(fn :ls f-tra'b tlre preda'l-r:r rät] develr:p ån
ESS irr two of tl.le fc':r-lr cut'ves that wËtË exårtritreclr t^lhi.le tlte

" pl.ey cån develop åt1 855 Ín three ouf- pf 'Ëour exår'riitred
cu l.ves. EvoIut itrn i rr hoth f3 and l' cåtr ,Ja'st-.abi I i ze the
systenr. Ttre urrstable rases slrow ã stable IÍnlif- cycIe.
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Software for an aIphanumeric terminaL with zoom is descnibed. The terminaL contains

a microcomputer and a v'ideo unit capabLe of presenting characters of different size

It'is possibLe to zoom and scroLL the picture by using a joy stick. About one

hundred Lines can be shown on the scr"een. Th'is means that information such as

indentations and new sections can be used for exampLe when Locating a piece of text.

tJhen the text is found it can be zoomed to any size.

The tenminaL aLso aLLows information zooming. It'is based on the fact that the text

tines are often structured as a tree. [,lhen for exampLe editing a PascaL program,

the tree structure is represented as indentations- Information zoom'ing means that

onLy the Lines above a certain LeveL in the tree are shown on the screen.
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A progrerfi paekager based on srMNoN (an interaetive
sirtulation progFårìì) r for necursive identif icEtion has beerr
developed . Tlre pFog rêrr package uses a genera 1 model
st ruetu ne of t lre f o rrn :
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wherê Ar Fr Br D and c êne polynomials in q-1 (the backward
shift openaton) sueh thet A(o)=o etc. and e(t) white noise.
The onder of the polyrromials cèn be varied irrdependently to
anrive at å rrrodel structune that gives the,'best" results,
Fon this genenal strueture nrêny contûìon identification
methods such as the LSr ELSr ML and GLS can be elassified as
specia I eases i n eitlren of two appnoaches (Lrp or cMA) ,
simulation experiments have been made using data generated
by a relatively corììplex "process./syster'n". Tlre neEults
i nd icatè that the uge of this genena I rnodel st ructu re can be
neeommended since it aIlows a greaten flexibility ¿nd the
sèrne or å higher deg ree of åccu nacy can be achieved with
feweF pênameters cortìpðFÞd to the eonìrììon identifieation
nrethods to obta i n ä good åppFox Ír¡ate deseri pt ion.
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The purpose of this work \^7as to build a small microprocessor based self-tuning

servo. A board computer was built with selected cards from SYSTEM S-99 (TLD-85)'

a series of euro-cards based on Texas Inst.ruments 16-bit microprocessor TMS 9900.

The servo contains three modules for estimation, regulation and design. The

estimator estimates the parameÈeïs of the process recursively. The design module

uses the estimated model Èogether with specifications on bandr,ridth and damping to

calculate the parameters of the regulator. These modules were implemented using

concurrent programming in a high 1eve1 language, MicroProcessor Pascal (}{PP) from

Texas Instruments.

The program, which is prepared for multiloop control, consists of 900 Pascal

statements. It takes 25.5 kbytes of memory space. The minimum sampling period

is approxirnately 500 ms.
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Different models of heat load in a district heating system at Karlstad have been

tested. The input of the model contains one climatic dependent part and a profile
which depends on time. The climatic inputs are outdoor temperature, solar intensity
and wind velocity. The profile tries to describe the consumption of hot water.
This model has later been used to predict the heat load for one or a fer¿ hours.
A Pascal program is also presented which converts diskett formats.
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Logger is an interactive command driven program for data logging on PDP-II. It

can also generate different signals, perform PID-control and make signal processing.

During the logging it is possible to plot or print signals on the terminal.

Commands can be entered via the terminal or in a command file. For conversion of

the stored signals to text form the program Convrt can be used.
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The document contains a description of the softrnrare unit of a temperature regulator

and the construction of an interface used by this regulator. A PlD-regulator is

implemented which consists of a microcomputer and a PC-unít called PBS Micro which

t.akes care of the interface functions for external digital signals. The regulator

also contains a separate interface taking care of the analog temperature signals

and in some cases also the digital signals. The document gives a brief information

about the total system and then gives more specific information about the separate

interface and the program unit. It also describes the theory behind the PID-

algorithm and the digital filter.
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This master thesis is concerned with the probLem of impLementat'ion of a seLf-

tuning reguLator on a micro-computer. The computer programs for the seLf-tuner

are organ'ized as a contnoL-package, which may conta'in ten dìfferent controL

Loops. The package further gives the openator the possibiLity to interactiveLy

change the vaLues of desìgn parameters, etc. ALL the programmìng code'ì'.las

written in the high-LeveL Language PascaL-

The seLf-tun'ing neguLator is of a modified minimum-variance type, which proved

to behave satisfactory ìn the practicaL tests uJe penformed. The neguLaton was

aLso appL'ied to an air heat-exchanger in a Lange company in MaLmö- Here the

seLf-t¡ner proved to be superior to the exìst'ing commerciaL reguLator.
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The goal of this leport is to give a short introduction to PID algoríthms and

furthermore to study the behavior of a few specific industrial digital PID

regulators, through simulations.
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The zeros obtained when sampling a time continuous system are expl-ored.

Theorems are given which, if the time continuous transfer function
is known and of finite order, give estimations of sample intervals
for which the tine discrete system wil-l- have a stable inverse. For

the case onJ-y the Nyquist curve is known, some results are given.
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This thesis describes.studies of a process for measurement and regulation of

concentration of a soluble sa1t. The experimental set up includes a delay element

and a tank system, both as direct systems and as systems with recirculation.
The idea of the stúdies is to perform measurements, mathematical models,

simulations, regulation and experiments with the process. The last mentioned

will be the base for a new laboratory experiment in the general courses of

Automatic Control System.
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FermenLat.ion in a 5 1 continuous flow reactor with immobilized yeastcells is
controlled. Substrate concentration (sucrose) is continuously measured ¡^¡ith

an enz)rme thermistor. The control variable is flowrate through the reactor.
The main controlproblem is a !inelag in the meassurementsignal. A bilinear
processmodel is formulated and used for design of different conÈrollers.
Comparison is done bet¡nreen conventional PID-, Otto-Smith-Pl-regulator, state-
feedback from Kalmanfilter and regulator based on polynomsynthesis. Controllers
are tesLed in simulaÈion and on the real process. Irnplementation is done on a
PDP-I 1 cQmpuber. Programs are r,rrit.ten in PASCAL extended with a realtime kernel.
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