
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

An Industrial Application of a Self-Tuning Regulator

Borisson, Ulf; Wittenmark, Björn

1973

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for published version (APA):
Borisson, U., & Wittenmark, B. (1973). An Industrial Application of a Self-Tuning Regulator. (Technical Reports
TFRT-7028). Department of Automatic Control, Lund Institute of Technology (LTH).

Total number of authors:
2

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/e1b68eff-4e3d-473b-aa54-60bbcd10fa56


Download date: 04. May. 2026





AN ÏNÛUS'TRI.AL APPUTCATTCIN CIT À SELT.TUNTNG REGULATOR.

U. Borisson B. ûrlittenmar:k

ABSTRACT"

An implementation of a self-tuning negulator is descnibed,
The negulator algor"íthm consists of two oteps. Finstly
the panameters of a model of the prÕcess år1e estimated in
neal time using the method of least square$. Secondly a
minimum var.iance negulator based on -the estimated paname-

tens is computed at each samplíng i.ntenval. 3-mplementation
<lf the algonithm Õn a pr^ôcess ccmputen is discucsed. Ques-
tions concerning program structure and str:rage r.equírements
ane considered. Results from the moistune content contr.ol
on a på.per: machine &rê presented. The exper,íences åT,e very
good concenning the start-Llp behavi,our as liell as the stð-
tionany behavíour of the self*tuning negulator-
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1 " ÏNTRTDUCTTON"

More arid rnone ínciustr.j.al proce#ses arie controlled by pr'o-
cess computers. The compurers make it possíble to use more

complex r"egulators than the conventional PÏÐ*regulators,
lhe aclminístnation of the data handling and the computa*
tion of control sígnals åne generally done by a special
pracgl:am package (tDC package.)" The pnogram packåges cÕn*

sist of a collection of $tåndardized r:eguJ-ators and data
handling routines that can be used for: different conttrol
loops. Often ít is also possíble fon the user¿ to include
his own subroutines. The regulato¡"s &re mostly díscrete
time versions of PÏD-reguì-ator.s, scmetimes with addition
r:f dead*tj.me comÞensd.tion based on the idea clriginally
proposed by 0"J.1"Ì" Salith. These standardå:red regirlatons
have simple structures which arae char'acteriized by few Þa-
rametens. In niany appl"ícaticns i'b is, howeve::, desirabl"e
to have niore cclinplex regu).atons, br":t these sel.dom ane

implemented since tliey are difficult to tune, A badly
tuned complex negu,l-ator. can rnal<e a l)oo:rrer cÕntröl 'Ll-ian

a well-tuned simple r.egulaton. It ís thus desirable tc
have É;Õme kínd of automatic tuní.ng of the regulator para-
meterË.

CIne wa.y ís tÕ usfs an aclaptive contr.rl.Ier that automatícal-
ly can arljust its par'¿rmeters depenriíng ön the changing en-
vir.,:nment ín whích the negr-ilaton wo::ks. One special type
of aCaptive controllens atre the self -tuning r:eEuLators )

which årae discussed in [?1, t3] and [6]. The negulaton
tunes j"ts pa:-arnetens CIn-line. Tt is assumed that the pno-.
cesses -Lo be contnollerl have constant but unknown pêramê-

ter-s, Funther:, it is assumed that the pnocesses have one

sirrgle i.rrput ¿:-nd one single output and that they are míni*
mum phase. 'Ihe algorithm of the self-tuning negulaton can

be divåded into two etepr, Ídentífication and contnol, lhe
algonithm penfonms a r"eal time identífication of the para-
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me'cers in a noclel. ctf the l>y'{:cess i-r*il;g th*: methoci of
least squar'es. The {ìoirtr*r:l- l-.:i+ -L* å i¡iiní¡nun v¿:riance r"e-
gulator^ base{i Õn th^* eslimü^tÊ,ú1 ï-'å¡:aiï.:-[r-:r'*. 'j]ii+ r'e.;;Jula'ron

can be used to tu.ne Dð-::É.lï€tË..r's j,:: te.eð-*ack as c"t*J-J- a.*

feedfcrrçard lccps. 0ther typras r:f çei^f-'funÍng r'*gulators
are discussed e,g. i.n i4l a.r¡& t5j-

lhe theor.etica.l aspec'f:s of the seif-tuníng regula'io:is,
cörtsåder'ed in this nepcr-,f; ! ã,ye thonougirly dí$cussecl j-n

t2l anfi tC$. The :naj"n ::,es,¡it is th*"i. if: the pa-r"a,n*ter eË-
t:imates {:f;r"rverg* , cer"tain c¿.vaz,iã.nceß of the r:utput ;.¡nd

crlogs*covar'íå"rrces betrveE:n t?re tu"cpu't and the input 6t!:tj

equal to ?,ëya. funther o if the nuaber of pa::ame'ters cf
the regula-tor" ís Large errar:gh an¿i the pnÕcess tö be con.t-
ro1"i-ed ca.n -r:* cfeser"ibeð by ;; linea:: finite dímensie¡na.1

mod*":l- the negu)"ato¡r v¡i-1"1 cÕrtverl,e to the minimum va'r'ia,nce

regulator: that car:lcl be obtaj-necl íf the panameter:s of the
prcicess rte'r{t lcn*vrn, In prca*ti.ce, the algoríthrn has s}:oNn

good cÕnx'e::gence p::opertíes. Ëxper"i.mente on laborafor\y' &g

ç¡ai.i. â.Ê indrjstr,ía.l pr"ocesses ha.ve shov,rn thæ.t self-tuníng
r'*gulaterr'$ aT"e r¿e11 sr"råteci i:Õr. índustrial- applic¿tions,

In this report it ís discuçse,1 haE^¡ the sel,f*tuni"ng negrr*
latc:rs can ire impler*ented on pr4ofl*rìs *Õmpu"Lens and re-
ru-Lts ey,(. giverr from cönt;.çl experi.ments ön å paTier m'*-

ehÍ.ne. Ths algo::åthm ,¿hich is quåte genenal c;rn Ì¡e åpp*
li"ed to many tvpes of pr:ocesseçi 

"

Tn Section ? ít ís díscu.#s#d h<':r^¡ ';ire s*-l-f-'cuni.ng regu3.a.*

tors can be used e,ncl hnrç IJr,ÕË:råm stnç.eture ,:nd data b¿sqesì

can be. *'rflafi.ine*, þlr;i;¡t*r:e ccrntrnt colrtt-i;l rl* ä påpÈr iiië.*

chine ås descni.bed ín fìectíon 3. Result'$ fr'Õril e xpenirnen"i:s

on a paper,machine at ths: r*;:i:vÕn i'4i11 of Síl"Lt;rrid Cornpar:y
j.n Sweden are giv+n i¡r fìectí.an 4. Hxpc+r-ier;cer nf {;}:e qr}l-

pe::iment$ are sunuri¡i.rireci i-n $**t j-*n 5 
"



3

The author-s want to express thein gratítude to Pnofe$son

K.J. ,{stnðm fo¡. hís suppo}^t and encounagemerit in the wonl<

wíth the self-tuníng r.egul¿ifors.

The expeniments Ïrave been possible to make thanks to fi*
nancial suppont fnom STU (The Swedish Boand for Techníeal
Ðevelopment) and to thö iXîildñeãf of Bill"erud Company" A

specíal thank to 0. Alsholn, L. End::esen and 0. $tavnes
at the Gnuvðn Mill at Gnumç for tird*r help and *uppot't du-
ring the expeniments.



4

¿ TMPLËMËNTATTTN OT SELF*TU}{TNÊ RNGULAÎORS ON PROCESS

COMP"Jff,RS "

2.1" lhe Use of Seff-Tunírra'F.e Eul.ators .

Sornetines it Ís neces6å1ây to rrse å regulilto:: ç¡ith mðny

parameter's. llhis is fo:r instance the ca.$e when:

ø 'Lhe pr'CIcess ha.s s'Êverål tirne*delåY$ r

a fee<lforward compensätíon j.s used.

ln these ca$e.e ít can b* favour.able to use a. self-"tuning
regulaton, T:ecause i't j-s c1i.f fi.cult to clo the tuning ma-

nually.

Tl'ie theor'etical rest:l-"i:r cÕn*ðrnÍ-ng the sel-f-tunång regu-
lator"s alìe r:btained uncJer the es*umptíon that the paname-

ters of the pïaoceSs cont;.ol-l-eC are constant b,ut. unkncwn.

In t6l ít is dísclt.çsed hor¡ the al6or.ithm c¿rn be nodified
to fotlow slowly tåme*var"ying panameters by åntroducång
ä. weÍghtíng factor, l, less than one.

The se*f-tuning negul;rtor.s can be use¡J in different hrays:

ø A self-tuníng regulË.tor ean be used at the installa-
tion or retuning of a negulatan loop. It can be rre-'

nrovetJ when a proper T)aramÊten set ís obtained -

G 'l'he seå"f*tuning neguJ-aton can be installed among the
atiie:: system p3lgpa*ii, Ín.; the computen and peniodically
s€r:ve díffer.ent cont::'ol loops.

6 lf ihe proces* has time-vanying panameters, it may be

desinable to have the se.lf-tunång regulator connected
'tô the r"egulator' loop all the tíme.
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2.2 . Pno am Stv'uctu::e "

lrthen implementing the al¡:;or':ii:hm on ð Ëï1oc6)iis cÕTnprttél:' it
is sometímes acJ.v.rntå.geous to dir¡icle tire a3"g*:nir:hn j-ntc:

twc: parts, cne for" ihe eståmatinrl a::1d one for ihe cr¡nt*
rsl. Tf the aì..gori'chm jç i.mpiemented t;n a ccmtrru'c*r havi.ng

a ÐDC package the c*n"t::cT ¡:ar'"i :i,n:irrany ccl*eg cen lne irnpl.e*

mentecl using the $t¿sndard $r:t cf regu.Ì,ator"ç dsrf:inelci in
the ÐilC packågê. 'T?:* estír,ratiÐ11 o:r -tunång pâr'r then de-
live:rs the :regulator par:ametens ta thc: data base used i:y
the ÞDC packãge. ïf a regula,tor stt'ucture is used that is
not avaiLa.bl-e ainong the stændard llöutines it is neceri ítaYy

to t¿::ite å *pecial rou'rine f rsr the contr"ol pav.-t,

The tunir:g pav't must be speciel..iv r.rv'itten a.nd íncluried in
the system pr'ç/rx'e.lfts. Thís r'*utine can be used f*r nrany

diff,erent loops íf *peciai {:&Te is tåken coneenning the
ütóïaage of cÌata.

Tf the r"outineç are wråtien stnaígtrtfor"wardly rrsíng stan*
dard f"0RTR,qNr the prog:-re$l length r,¿íl.i lre abcut 31 ståte*
menrs far the turiing p;t"'*"i and abcu"t 2B statements for: the
contr"ol part. lrlhen campiled nn a.n .lBM 180t t'¡åth floa."ting
poinr hard-wane the storage r'eq.uirement wíl-I be about 44Ê

meffiÕry cell¡s for the tunirrg par"t and about 31Û m€mör'y cells
for. the control pa.rt. The storage ¡equÍT"ements can be ôan-

sideraþly reduced íf the st::uctüre of the estimat.or equâ.*

tions i"s utilízeú,

The data neede<l f¿:r the s*lf-turríng algoni"th¡n c*n he Ci*
*,¡:l.ded. ínÌ:o thr'Êe'[1/ï:+r,: sta'fr¡ va:"iables, ú.r:rnr*yr varí¿'Þl-es

and const¿nts. The $tat* varial;l.e$ are :'"n¡:u'L*ar.:tput síg*
rtaÏs , pa::ameter: esti'niateg ;-iïü tÏ:ei:: cÇ1Ì¡lY'i-arLc#,*. ilire durt-'

rny var"iablea ¿ire t*rnpo'nnr'y va-riæ"'tsles ti*,:C a"t *n3-y clne i-n-
'tenval- of tir¿e " Yh* c:or¡Ë"cåî'r"cs ú.t:f Lrt* 'ilie r"'+:gt:.14t*r' stl'ì-lc*
tu::e.
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Let the number of parameter'.ç of the r^egu"latcr. be t! and
ð.s,äume that there å.re k steps of tine*CeJ"ay in t'l"re prr-
Õess. The clata storäge of i-]ie, t,;,¡o rüutines tog*tirer,. wåll
be

State vaníables
Ðr:mmy r¡ar.íables
Constants

2l'l (r

a
'3

+ 7-,5r" + 3k + 6

Ït ha* then beerr u'ti.liy,e{i thð.t the covar"iance matrix is
symm*'t:ric. The cCIntïol r:out-irr* ncterls 4 constants anó. 2r,

statÊ variaÎ:les, Tf tile tuni.ng algorith¡n serves oniy one
lccp at a tine it câir rJÉê the same data anea for: al,1 ì.oops.

2"*, Selection *f Fa::¿ma ters and $tart-Up Fr"ocedr:r e.

s.i:¡rul¿li-*ns a,ncl exi:e:rirnents have shown that the choice of
Þar'a.met*rs ir¡ th¿: a7s-gori.t]r¡¡n is not cr.ucial. Tl're only pe.r.a*
¡n¿*"le:: th,:t nu*t be r:hngen r"¡itTr söme cã.re is the number of
''time-rieÏay$¡ k. A,n unde¡'*e*tírn¿tian of k can be ser:,åous,
:''¡hi.ie Ëàrr clv€r'*estir¡a-iåc¡n af l-< v.rith one Õr t$ro sampling Ín*
t*r-valç ís not Eiey'iöus, 'ihe choi.ce of panameter's åe dis*
cr:s*ed tho:roughly ín tû j "

Ithe sta::t-up precerlure cari l*r: m,*.de j.i: r.?ifferÊ:ftt wa.y#. Tt
i..s a3r+ays suitable to limåt the cc¡nr:::oi. si.gnal.. Íuch å 1i-
mít test ís included in r¡rost TIDC pacT<ar¡e*" ?htr j-nitåai
veiues of thE: pårí'a.tfreter'fr cen be &"rlÐ:,",,:!,arv" î't i_* suåtabie,
hcwe''¿en, to limi.t the cont::r:,-L t;i".Utitt.L cÕrrrpå.Íl¿.1":i ve3.y much

in the beginning" Àfter a shor.t î:c:r'iorl of ti¡r:e tY,*, pårå.-
rneten estinates eï1e go;r<Ì. e;rr:up.ï: "Lr.r gív* ÉLlccâ$sfr-rl con't-
ro1., and the limit of the con'tr'*l sígnal c;1n b+ easecl"

Å.nother wav ta çtart up j.s to us* g*ocl irrití*1, value* Ðf
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the pär'amete::s. lor instance, these values can be obtained
by letting the contr:ol r:outíne wonk as a aimple P1-negula*
ton fon a shont peníod of tåne t¡ith fixed parametera n while
the tuning noutine is r"unning. The estimates of the negu*
l"aton panametens and the value of th.e covar.iance matr.íx
obtained ån this way genenall-y wonk very well as ínítía1
values when the r'eal tuning gta::ts.
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3. MOTSTURT CON'TROL ON PÅPNR MF"í.:HTI,.îEIî I

One of the cöntrol pneibrlefüs when T:::orlucj.ng p¿rperl j.s to
keep the moisture content af the paper on ä. desír:erJ -l,e*
ve1. The noistur:e content j-* infl"uenced by n.any var:íal:les
€"s. the basis weight, the efegree of nefining and 'LTre quä-
lity of the putp.

The nroísture content c*ntnol loap at 'the trut¡ör: Miiä wåll
now be descri.Tled" The *xperirnerrts iri the next çeetíon ltrexle
maclg ûTl å,,ma*håne prödu*ing flutíng. Tlre productåon is app-
roxåmately 'r3ü tü0',ton,/year," The baeås weåght rense of the
fl-uting i* 11? "TEû g/n2 " The î)a.ÞÈr machåne.å8, åreJ.L &# the
r"efånenc and the di-geçters ane eontrolle.d fnom an. rBM 1Bût
computer'. A ÐÐc package, ppüF (Fr.oceçs, and pr:aduction contnol
Pack*ge ), is available an the computen [ 1 I .

The moistur.e content of the pd.per ís coni-rorled. pnimarilv
t^rith a f e*dback laop fnom a capacitíve moåstur-e gåuge r tç
the steån preÉsures of the d::ying cylinders of the Last
'tt¡¡o dnyÍ.ng çectj"ons. se€ Figure 3: 1 " The meii,çture gåuge
j..s kept ån a fíxed position, l{o averaging of the raoisture
cÕntent over the mac?iine v¿idth is done.

The moÍsture content ís inflr-lenced by reverar p:rô*eËs vð.-
riables ¿lnd it ie advantageru* to use feedfar-ward compen-
sation" The thick stock f1aw, whåch ånfJ-uences the basis
waåght r or th¡e neference value of the refÍnârs are síg-
nal.s that can be used fon f*edfcr"warri cantnol of the mois*
tune. 0n tl:e pape:: machåne used in the exper':í.ments å f eed*
forward signal fnom the coueh ,,rå.cuurn ?dãs used, This has
the arlvantage thå.t distr:rbance$ frorn 'lhe r-efine::s as well
a.s Lrasås rrreåght fl-i:ctr¡atj"cns or,ígin;rtin¿1 fr,cm the he¿rd
box and the wine ¿it:e taken into åccorrrrt,
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ris,3.1 - Schema.tic f:i.gure of the drying sectíons and
'the moin-i:ur"e content reguLafi-cn at the Gnuvön

l"fili wheri the self*tuning :regirlatc¡:: was useel.

Tt is d*siv'abte to h¿.r¡e e cer.tain drying p::'ofí]-e, i,e.
to have a" ce:'tailn reJ-ationship between the pressures of
1;he diffenent dr.yi.ng sectíon:i, Theref ey,t:." a epecial î¡rCIg*
rarn which is able .i* xdjr:st i:ile <1ryí.n,¿ py'ofiie i"n j"nclu-
ded ín the *ys'tem" The presÊLn:'e af the fourth sectíon is
allowed to vå.ï1y in the i.nte:.,val, û * 1 kp/cm2 l:elow the
pressì-¿rte of the tnir.d drying section, The eirying profåle
prlogr¡*m changes the pre$sure of the thind section if a
pressuïe outside the Limits of the for"rrth dnying section
j"s neq.uÍ-ned.

The refer:ence value of the founth dnying section thus can
be inflr.:.encç;4L þt¡ t]:¡e moåsture and couch vacuum signals and
'tt;e *'ryzng pnofile prögrarr.

hl'hen the self*tuning negulator rnlae used to contnol the,
:naíst';re cr:n'l*rrt the sampling intenval was 16 seconds. fhe
nroj.stune and couch vacuum sígnals r^iere measui.ed and fåi-
tered ev*.y'y 8th second. The filter. used fon tire moj-stune
sígnal was par:t of the ÐÐC package and had å shor.t tirne
eonstant
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4. EXPERTMNNTS AT GRIJVðN.

$evenal experiments wíth the sel"f*t-r-i¡ring al-gar'i"rhm
I^Iere made usi.ng diff enent reguiatorr s'cructut'eü. The num-
ber. of negulatôr" param*tens and the ¡:unbe:: of tin**de-
la.ys r^¡ere var.íed. The negulator w¿r,ç tested unde:: 'lif fe*
::ent openating conclitions includíng gr"eåt prxlc€Ê,e dÍfi,*
-turbances. Basís r^reight changes anci machine speed ad ju*'t*
ments were a.Iso investigated.

Tv¡o examples r*ill be díscussed, whene the self*tuning
negulato:: contnol-led the mois;ture c*ntent of the pü.peîr
machine, lhe stnuctune of the regulatorwas díffenent
i-r¡ the tr^r{) cases.

Hxample 1 . The number" of r-egulator par:ametens wås 6 . Four.

n theparametens were used in the feedback loop and two í
feedforwand loop. The negulaton had the structure

Vu{t} r oly(t) + u2y(t-1 ) ß1,Vu(t-1) vu(t-?) +þ
2

* vl vv(t) + v2vv(r-1 )

wher:e

Su - íncnemental contnol sígnal
y - moístur.e content deviatj.on

gv increment in coach vacuum signatr.

The time-delay in the pr^ocess , k, wa$ a.ssumeci to be fou::
sampling intenvals.

The followíng pnace$s varåables v¡ene negistened clunÍ_ng
the expeniment:
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a n'rcli.sture contânt (the set poínt Ís indicated by e
l"inei t%l

o'{ i.ncr"emental contnol sígnai- (vu) [engineening uni*cs]

t0 stearn pressur€ of the four:th cår.ying section (u)
Irp/cr,rz1

t steam pressu:ae of the thírd drying sectj.on (reference
vatue ) [rplcmzJ

c couch vacuum sígna1 l:.Ot i{rûl

The expeniment stanted by J-ettíng the tuni:rg algcr:ithm
run fon about ten minutes havi-ng a PÏ-::egu1-ator" with
fixed parameter"s to compute the cCIntrol siççnal. The es-
tinnated panameters obtained hierå usecl as ínítial values
when the self-tuning r'egulatar sta.r'ted to control-. The
results obtainecl ane shor.¡n ín Fig, 4.1 * t+, B"

Changes in refiner4 energy often are pössibJ-e to.obsenve
ín the couch vâcuum negi.æ"tretíon 

"

At 21 .q2 ttre nefj-ner, ëne:agy r/üå.s decr-eased by the proeee s

apera'tor:. Th:l"s aeijustner"rt can be obeer"ved. ån the mc¡ísture
content and cc¡uch v&.cuum negístr"ations (fig. t+.1and 4"5).
The self*tunång regulator coir.pensated fon the change by
<iecr:eas j.ng the steam pressure, which best can be seerr in
fÍ.A, 4"4.

At 22"28 the pr1Õces$ Ðpeï'ð.tÕn incneased the r"efiner: enër*
gy. hf.te:lr that the couch vðcuum var'íations wene r-athen
sma31 untåi abor-it 34. ûû. Then some distunbances i-nf luerrce<l
the prÕce$s r and the va.r iatåons in the moisture content
r¡Íare incneased.

Th* seif*tuni"ng r",eg*lator rvas able to change the steåm
pre$suTaê fa:¡'L enough to maíntaån good contnol. The esti*
m.äted standard deviatíon of the inoisture content ín fi.g"
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r+.'Ì ís abor:t t,37qo, This nesult is quite good when usíng
a rn*istuv.e galrge kept in a fixed position and without
averergirrg over the machine width. Tn tire Fi-gures 4.6
* 4,8 Ì:he r-eguJ-etor pdramete::s are shown.

l¡jhen the parameter$ har¡e canverged, and if the structure
af the r'egi,r.iato:: i.s The $.1Íie as of the minimum varia.nce

r'egr:laton oÍ' thr: systerm, then t 2.1

rU( t ) *

ru.r( t ) 3

tì "r > ic'+ 1

r >. k+10

where k is 'Lhe ni.rmben of
'timate,C covariances t"--C t>

v
The dashed lines i"r:clicat'e
-1.1t. 1 V.

ry {r}

5

Tís.. 4, g

Tn thís
for^ 1 7,

that is

time*¿leieys" .Iri I'ig" 4.S the es*

ani r'.,..( t) 1-:¿¿ve l:etln pl-otteri.
yu

îz g!i|ço confj-dence: i.r:"le:rval- f a'r'

û

'lt

The estímated covarianees of
4.1. and 4 .2, The cúvariances
l1o^rl

{r}

5 n0

the data in Fig.
have been no?ma-

ryu
1.û

0"5

1.ü

û

xTû

example the covarj.ances åre expectetl to be zerÖ

5. ïn Fig, 4.g there is on].y one poínt, iyrr{5),
cuts icle the I5 eo ctnf idence interval .
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Exarnple 2, In this case the negulaton cantair¡*d nine pa-

rameters. The t:egulator' had the gtl"tlctì¡r'e

'vu(t)

+

+ .¡.,3v(t) + TIY.v(t*t i

The panameten k $¡as gíven the value 3

In Fíg. 4"10 ther.e is a registpation of the moisture con-

tent for abaut ?0 hcur s. The set point h?ås 8,5% untÍl-
08,30. Then it was j.nc."c'eased to 8,7%, The self-tunång r^e"

gulaton managed to keep the moísture content nean the set
point aLl the time. The estj.mated standar:d deviation of
the first foup houns ís t"3gâ. Laten in the expeniment it
$Ìas even snallen ù
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5 " EXPHRÏENCES.

'Ihe self-tuníng negula.tor. h.as been useC i.n expe::ånents
of differ:ent lengths to control- the ¡**j.sture content r:f
paper. The experience* ó.r'e very gr:od bc.rt"h r":cnce::nång the
stênt*up phase and the s"teady $tã.te *ontr.cl"

Ïr¡ the experriments on tire paper macliine ít tur:ned out
that the *haj-r:e of par"amete:'s in tkre regulator" was not
crucial " Tkre nr:mbr:r" of parametens ín tl"le regulator could
be *hosen in diffe:rent {¡rã.ys without infhiencÍ,ng the ctea-
dy state perfc:rmance drastícally"

l,rlhen tl:e disfurbances acting on the process \^rere small ,
j:he *xpe,r,i-men'tai r"esults hrere Ín accordance with the
thec¡'ei::ir:a.ll nesul-te" See fon instance the estimaterl co-
var'åances j"rr Figure L+.ç. At paper breaks the self -tu.ning
rÕu"ij.ne was s'toppr-rrl a¡rd a special praognä.m:wás 'g$eþ^ned'!o de-
cl:'ease the steam p"ressur,e of the dnying sectíons. l¡lhen

the p"r1oc€sÈ l^r¿is sf:arted up again the same prCIgl:åm incr"easecl
the iÍte,ãrr Þ'r:essure. Then the self*'euning r:egulator took
over the conty..o.l using the särne parametens ås befo:"e the
påper breal<. tenerall-y the pai:a"meters !,¡ere not influenced
ve-ry much by the paper' -b::e¡rks

In most exper,iments a stant-up procedune with an identj.fi-
cation phase was used as desc::i,bed in Sec'tíon 2 " In the ne-
gistrations of the parameters j,t cen be sëen that the tran*
siient peniod of the par.ame'Lerç; has been ai:or"rt 1A månutee o

t¿hich co::nesponds to about 4ü saïnpli.ng j-nterva.ls. Thene may

be a slow tnencl after the fi¡'sr: tr;iírsient b¿:fo::e tl¡e sta*
tionar:y values årae reached" $ince ít is clesined that the
statiöna::y values shoul.rl be reached as quåck-ly as possiirle
it can be convenient to use an exponentj-al weíghtíng fac-
tor, Àr v¡h:ich is time-va¡yÍng, The weigirting factol also
makes ít possíble to fclllow elowly varying pararneters" l¡lhen
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the va,L.ue of I is deter"nrineci there is dl cr:rifl.ict i:etr¡een

the dernands on the al¡íl-itv of parameter t::;rckJ-ng anri the
qualÍty of steady state cöntr'çl" T'hís i-r+ t?re di-ieinma .that

aïwaye exists rr¡hen clesignílig ada.ptive contnollers '

From the registratíons of the moistune cÕntent anci the
cor.rch vacuum it can b,e s,eên 'that the tJ"i-";tr::rbances Co not
always seem, to be stati-onar:y " The disturbances cari be

smatl fr:r:' å tong per:5.ocl of tÌ-me l:ut sudcienly large dj-s-

turt:ances rnðiy occur in the prÕcess. Howeven, the gelf-
tuning regr:lator doss not s€en to have any difficulty to
hanrlle this type of cl j"stu:rbances in practice.

îhe celf-tunilg regulato¡ had the sð:ne str:uctune ås the
niçi.s-i:une contr.ollen used. on the paper machine, i.e. å

feedbacl< ioap from the moj.s"ture gåuge and a feedforwar:d
loop f;r.om the c¿ruch vacuum gauge, The ondinany cÕn'trol*
l-*r' sr:ineti¡rr*s ii¡.d ciifficul"'ties tö compensate for- dr:ift
ín tfie couch vaeuun'r i,rhich c'riginated maín1y fr"om vania-
ti.ons in pul-p qrrality and the degnee of refining' tlsing
the self-tuning ::egulato:r it was posrible to follow the
nef erence value be"*te:,. The balanee betr,leen the feedback

and feedfonwa.y',J }oope wa.s impr:'oved h,y the self-tuníng ne*
gulaton. The penfor:mance of the orrlinany contnoller wä.s

then :i-mpr"oved by adjusting the pår'ameterÉ in accordance

wíth the estímates obtained from tþe self-tuning negula-
tor.
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