EP O 370 614 Bl Description This invention relates to process control
systens. More particularly, but not exclusively, the invention relates to
cl oSed | oop process control systens trﬁt0 'dé1i4s§| paranmeter estimtion. 5
Lndustrial processes with |arge, unknown and/or tinme varying process del ays
are difficult to control.:+Self- tuning, inits present form is typically

I nappl i cabl e besddipti@resses of this class due to their reliance on recursive

| east squares paraneter estimation and a proportional -integral-differenti al
(PLD) control alTysrinvediion reféssits piovess @msit systerhiaMse [éticalaryt But neiSéxtinselypihe invention
t*eghnl ques t ypilateald glosbdiiobp remauietrad fysemis ehgtiitiliserperatnetbosstirgatiph.i ci t knowl edge

of the process dwaghtal precesSis with Rrgeyynkrowm arddk time sArdngepracsssiviglags 4% @fficultrto cakrbleseli-
are unabl e di ueiog. |iy its pres@nt ferwnisdyricateinfaplicaple de eosessesaad tthisnslassTduenta i thriraieliance on
| oop st abi | i t {peursivpcleast saypres parampfes wetimatiopasd aproportienatetegratdiferentise@ID @enirg! algorithm.
overal | cont r Bequesive bé?‘ﬁ@‘ﬁf?ﬁr@é’é’"et%t"hag Pt tgehalqugsdypicaliy ahbRCage §B3 featirgmpn dor explicit
control to thEorefaeghihgprasesssgadgme gy gerdrof systems psistors PAD Fenwrpfles arg angbledirpctly to
squar es parantATRensa®ifor Brcess deadtime Tormaintaf) ipep siabifitvatiese Rantiol sysiorp Austdiq fletuned, thus

augnent the c%RerEigg o t'B‘r?’W’ ﬁ“aa‘?a time compensation. art Q | ar
ml;tg hods, one g °€r[:{ fig seffdynin sﬁ{”ﬁr \?Qemﬂe%sﬁ:"'é?s P’°?L°§E | ?1‘%81’9"“’3“'9
val ues for thg ramas ‘°’§é'§l‘25' 01 | function

ods one ank 0 est afors wi dfferent
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i dentify asef; dp\?aﬁ T Ghe abhriti 0 oo Jcor?a &gf/;g sﬁﬂ a!gnfa%r 69 .de t‘r‘f Yo%t of
an assuned degfli iRy ohANsy Jv@rcaeﬁr}{eeﬁenﬁd 9&‘ L adi gmfrcant
these techni q&{éﬁnohal‘!rﬁorﬂﬁé?é{mhésmc ve p ergﬁrfb?a[c al ﬂ“fg?\@%ﬁp@flﬂ aE;%étBﬁ‘ il &h
an industri al jn@RlikisBiing. By Way of bac ground an exanple of a self-tuning
process control s§yv$a§,ean BaBRINd, T RERAETRE & soRRining TrdcBat ¢oaraouszstelﬁswvia§¢arameter
Aduances i By | biinsteN R Heddib&din A¥@hss8Th Hérumddadion, VOREIS 20,6:485, b&yed 545 to 854] amd a method
method for defeddiinining tiehraptorNat a@iddel0h adrddbsdalontioNsy3tef i G6%Hbed Qﬂhégbiungstechmk '
_z_sys}r em i s desauiParessiDateRegelelng StomeB 7] Julyunav, Pigde ediste Badt enver ar bei t ung,

Voljume 7, July Ae&bidiingpagessiodof the indéion there Grottividgd & progasecans(l agdtenoéontpliging:

i nvent i on t her eaicentplentor predlicing p cowe'stpatdarttieqdrocessst em conpri sing: a -
conitrol | erzf or preedUwimyidng adirst respons. tesulingfiom & doenppisoT e Asproc@s variablerapd asetbaint,
proyi ding a fieestmmnatiopemise, resulting froma conparison of a process '
varj abl e and a 8amogeli ¢ennecien tyysais gonteefiercand lppated in 2 farsiiack loopdpreestving sig centiokputput
control | er andfdPeridingen puipublorsad spmaion WA f or recei vi ng said control

output and provMaE§gcoaRpcsat ‘}ﬁild spgmatign pnitg hﬁ’fﬁ‘t"?"@rﬁ 9PRnd rosponge Wé&'ﬂ§°""€ﬂ?ﬁnect ed
to kai d suffmat i 8RegiRSeid °F'B'P BQ/F%H %"%‘H% goritha, ﬂ‘éé“t‘&’d%%? Jaid sppdelorased on
30 wher el‘??t"g%f?ddp' sa? 4] e e?a'"r rﬁ‘e G| 'of"?dgﬁgﬂ?ﬁ? " ofet;:
;Pg é;gg g;?ln olo l}con Iéa(; am ag rgx & ternf] nin égﬁ?ﬁé mateg Broc L] %rgrgelers the
set poi nt cgnt%a‘)t 0 W VBS w't t ﬁ? to caI cul ate the
val pes of he foIIOW| ng- control area |ntegrals [err] and [err] for use in
detprm ning the estinmated process par ers, as the control output
approaches a new setpoint in Bccordance (with-thgcjRitati onships: 35 [ERR] 45
whepe: [err] = Final Value, ContralspOugput n(t) = Control CQutput at tine t
[er[] SP = ghange in setpoint a = W=1| ghting Parameter = [err] 50 [err]
= served - lag tinme constant ierr] rved Qﬁagilma According to another
aspect of the invention there?s pr Vi s*‘a net Sof control I ng a

pr oi:ess whi ch has unknown or time~var ¥i ng deadtinme, using a control system
corrpr i sing a nodel of the process by
45 where: '

me: = Final Value, Control Output

m(t) = Control Output at time t

ASP = Change in setpoint

_ « = Weighting Parameter = (ry, + Tp)™!

. 50 7m = Observed lag time constant

Ty = Observed deadtime .

According to another aspect of the invention there i is- provided a method for controlling a process, which
has unknown or time varying deadtime, using a control system comprising a model of the process by
measuring the response to a step setpoint change, the method comprising:

55 providing a first setpoint to the control system;

providing a process variable to the control system;

providing a first new setpoint to the control system to create a. step setpoint change thereto and to start
an estimation procedure which estimates process parameters based on an observed process output
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nmeasuring the response to a step setpoint change, the method conpr|5|ng 55
providing a first setpoint to the control system providing a process
varfable to the control system prOV|d|n%ba first new setpoint to the
control systemto create a step set t thereto and to start an
Estiati on procedure which estimtes process paraneters based on an

observed Pr RE&RS: 84 EPO370614B1 response to said change;
cal cul at i ng mearanat.ﬁ fg/;fm 16 W&ot He 16ildFind Bdn r&%é&%t&; 1! QAd 125 e r@&e@g&%u?

[err] and [ giphda cr@§t l%tﬁbfv&%ﬁﬁuﬁn&yéc% ncém'ifﬂ §ns. rst new setpoi nt
accordance with the relationshi ps: ere [err] = Final

Vz?l/ue Control Qutput m(t) = Control OJtput at tlmet [err] SP = Change in
setpoint [err] = Wighting Paraneter #0 [err] [err] = Cbserved lag tine
constant 20 [err] = Cbsajved-dead|ifa, usimgt)jacd control area
integrals to determ ne estimtedagpo S paraneters of observed process
gain, lag tine constant and deadtkme rgpresentative of the process; and
updatl ng# he process nodel ysi ng_the es |rrat ed g{ ce.sgt parameters. In the
i ght of the foregoing. disa %/anta S % SHe pr| F8rtS a preferred

enbodi nent of the invention 25 d&%crifed bel ow provi des a sel f-tuni ng
control technique and systemthat incorporates both a parameter estimation
al gorithm aM®¥™®n al gorithm for deadtine estimation. The preferred

enbodi mefft caflssHIFPE V3jue.fonkdh Quiputy| | evi ate the probl ens associated with the
prior art by éw‘\gﬂ“ﬁ oél"p'd"(?ﬁi"P%'i technique that can include both a
recursive | ea %f?“é ter, estimation algorithmand a deadtime
estimtion al orlétﬁe:gdl t'rnatg at(l'“ne Bstimation al gorithmuses tinme integrals
of, systep var Lr'%lb_l a step or inmpulse 30 input. Proper

sel€ct i of of b éaf&tc%ﬂFo@iréa .QFs rté)heté%ﬁé‘%lu %Lb'récé ! p@raﬁ.efé%tof so &M@&{ &’l{%
whi ch are s,gd oﬁst&rf?énd%%ﬁr% iP5 ST Ion of contro eas
for -parameter u&‘diﬁrl R Ari3sd¥REdd] dsthg G‘e@ﬁdxitédcﬁéc!eé%%a%ine%ocess deadtime. The
smoot hi ng ef f Achs I@\f: of b GHEgdinh AacRbritsyel'df B3 phitiCarf bl grfidrdd AmbBUIREE 86 th8 AivefBorP N
t he par aget®kcriBsd bdldW Bovides HEselrAME tcotrdl Wehnliqud QW4 b@te%&th%rp@@é@ bbth @harater
way of il ustirhalibh gor@il aridOdh- didoftinini i 0deBRE Y stinatih. tTRe Bliohr&d EhtEFRNt AN 6EMR or at
acconpanyi nepstiéiiaviatéithe probleni3iagsdciatbd @it the bridrartaby RIvRING lal contidl BEHNRGS BEt @n include
nodel - bas e thothon teakabilee least atutrels| pgtameter estimbtivhl digatite® ana laGighdlik @Stintdtioraalgdritir. The
i nt egral s hivadtimerestirgatia ialgoritfr usdselimavintegrialg Wf Byslerofraritbies @spawdinggtoi &sstep or impulse -
schenat | ® doay Peapendelegtioned dle-iltagra@sl (control areds) esultsan iarsgt df leguafians wbish g soivabtesber
functi on: mocp@mgrar&germﬁ@upeutmsatlon of control areas for parameter estimation permits identification of
: process deadtime. The smoothing effects of mtegraﬂon attenuates the effects of process noise on the
parameter estimates. .
The invention will now be further descnbed by way of lllustratwe and - non-limiting example with
35 reference to the accompanying drawing, in which:
Figure 1 is a schematic diagram of a model-based controller; and
Figure 2 illustrates calculation of a time integral shown in Equation (2) below.
L,& Figure 1 of the drawing is a schematic dlagram of a model-based controller having the followmg transfer
: function:

- T+
45 | Uls) _ ' 7}5"‘/

- H
- - T 3 :
e (S) | k " ; / _ € =m
% L .
where _
_ Km, 7ms Tm, 7¢ = controller parameters (defined below);
§5 U(s) = a control output; and

e(s) = the error between an input proées_s variable and a setpoint. _
This particular transfer function assumes that the t_:ontrolled process can be approximated by a first
order lag with dea_ldtime. The controller is tuned in terms of the observed process gain k., lag time constant
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[err] = controller paraneters (defined bel ow); 55 Us) = a control
outpi; and e(s) = the error between anFL r%ut' E‘{J(jcess vari able and a
setppint. This particular transfer f unckh 8 §¥BLs that the controlled
process can be approxi mat ed by a first order lag with deadtinme. The

contfoller is tu 8 M‘ﬁm DSGlained:, B RGP SGe m[ ?r cuhe%gthé 4lfed time
consfant  EP.J] ﬁ‘t els% fiable tf @ 5‘ btHnt bFo dlsttg\g}}

parapeter, a filtwgg %If%m&%ﬁﬁfd?-@'&st v ['do plessﬁ’%ldcblee%rgucmeof %§dr§t\%dle5ét rEGuares parameter
respbnse Of t hgsiaRHERHH thbdbRbod Sonfolbh 2AGerkdliod &F BE rddbrsi Y 1ok sqUares algorithm is well
di S+trbance. s Thwhah tholdiNdndds FRbtbdrbd Rersih BN ref6rBitR] B de \RIHIsAEUIRUNIAE IcStBNsyRlom is
recursive | eastorSeHirdE &S ploddsed¥biithla sk BRL fixed phbtdst dbiBE oD Grkesdi@Swtidre the delay can be
control | er. Theeskered\sainfeded afling.NE ot Qs!&:8énd Ghel apABhtioB GBS Systen to Plotdskanwitss um@dwn or
5 khown i n thémakdryisgdeatitind, B parapewaésttiaton tehiiqua)is reqliet.cThe gechridue deseibedfherein has
this sel f-tuni thg ad@ntagadf estinstimgallipgocessipatamatierneidclidingpieattias,Se 8 ciaseti ibop systeowiihe basic
and fixed processisda¢latye or thisdegbnigeeis Shat cadhiprauartifativeciedaayreroants o dhenwystem mesiorse to a
inferred on-1|i sep sétpoigdrchanget can chet dirachlyt delated gp | thee aoresh pafemethiis s Usings vasipust epntrol areas
processes wi t hinveitingdbmpregess puipst, @aph/r nep-itteas alopbreic equajing? wikeincthe pragasypardmstprs can be
techni que is ré@eyaopedpnd Waivedt echni que descri bed herein has the advantage of
estimating all rTB%&‘%W' HoftepTeiessrite. the proregyieri§ed)on extimatng “Perf’ea‘“mecﬁﬁamﬁtﬁﬁﬁa'ametefs'
system The Ha8i ac“"ﬁ@’deg IngatiSksien} using,the contyqler;spown in Kiguipi; s that certai
quantitative rrea “§t°d'Fe ‘E°H'é°“§’y§ t"em%grp‘t?ﬁfgeet v ap §f°€ °ds“€t°b'8 t%t‘a"c‘hea‘?fﬁ’ea“m

et ol o SRR e g g e ggo%“i“ga%gtzz 10

areas invol vi ng I?ep

gt le=|£rf>8|dggc£|g e t (5%% %q HFQ?&E t@é&?@?g |ng cléq' time an process
parafreters is of = a ! O'Plger | i near system usi ng the controller shown in
Figufe 1: a) The setpoint to the controlber is increased or decreased by a
Eaﬁz Ir|Oﬁgd((§arn):122I Eg)stsﬁ(r)t tE:.I esti m;tl 0 procedurg J )C(Thleyl gtsegﬁzl s in
resppnse to the setpoint C éngeASH% al ues of both of these integrals

converge as the process output approaa:hes t he 20 new set poi nt .

Therefore, these integrals can be,cal ed over the fipge time horl zon
fromt =0tot = [err], shownlin Fi r dé‘ 35‘

[err] = contaol area integrdls; ASPI nJF (ste state) value, control

output; m(t) = control output -at tine [err] SP =-change in setpoi nt; and
[err] = weighting paraneter = [err] 40 c) After observing the process
resppnse to a step setpoint change, Equations (4) to (6) shown bel ow are
used|to esti mat e*effe processegaranet ers. [ERR] 55 where: [err] =
estilﬁmted pésrametet‘s"“ T%’PV ea fnfogialsy| v g ue. control output; and 5

mgs = final (s eady state) value, control output;

m{t) = control output at time t; .

ASP = change in setpoint; and

o a = weighting parameter = (rm + To)™".

40 c) After observing the process response to a step setpomt change, Equations (4) to (6) shown below are
used to estimate the process parameters.

ASP | (4)

Mes = Moinit

Zst -2z :'_‘_ ,e,,[e-_&;_:s.t:.é_] .. ®

* .kest =

@, 50

Test = Z-7e  (6)

55 where: _ .
Kests Tests Test = €stimated parameters;
m;e = initial valus, control output; and
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EP0370614B1 5 . [ERR] 20 Fromthe foregoing, it !
is apparent that, by using time integrals of systemvariables reacting to a !}
step or inmpul se change a set of equptd #s145Hl vabl e for process :
Rarangters, results. Furthermore, the use of control areas for paraneter
éstimation permts identification of process deadtime. In addition, the
snoot hi ng effects of |nt eg ration attenuate the effects of process noi se on
the resul ting paranet mrateié 25 \The c g_)'ﬂ ng deadti ne/ paranet er
estimator is designe t'o tect \n ul'alz;{ oCcures’ng #tep setpoi nt changes
ad to estimate process p esfeters when hey occur. The esti mator
continualély cal cul ates t average of the process variable over a fi
time horizon using a firgt order filter. set nt ¢ &)
detected, the estinator aé ver ge 'w gg ff Qé;gm_m_zo
determne if the%r'dcess vg ?Ss‘f‘ead state co |t| 24Jf S the,
estimation algorithmis fun. Should a second setpoi 114 ch‘f]r t)e ore
30 the e¥timation is conpleted, the estimation is aborted The user
al so select to have the al gorlthm run on demand or on the occurrence of an
event or be tbi;r‘e dependent. Wth respect to these additional nodes of
operation, the uSer specifres the direction and magni tude of the setpoint
change tQ be used for the test. Triggeri ng the estimation algorithmresults
in the foll ow ng sequence of events: )(The estymator waits until it
ser.

determ nes that the process is ag s cordifjons. b) The set point
i's changed to a specified anount by thk (ﬁ' Par dmeters are esti mated
to-characterise the process fromobservation.of the closed | oop response.
d}..dhe sstpoint is returned toits pre-test value. e) A second set of
par amet er s Aram ot foregdingclit tisDapphrant aist, &y i 8ifg tiMe integBROA SEstddih virlaBledIcadiINg ©o 4TBWp BO
in the 40 impwpdandes adiet eicéquationnfsolvdbe fbi protest Pametdrbcreams.oMethdracre, fheluss of 0
i denti fy owentel bregriogesmeteessinaive pgaitaigertiticatiinrf plosdss aéakitirad. ¢ aiditioe the Isyroothing -
non- | i near ieffeaisof iftdgrafibreatidewrit thaasegia of prasess moiess ¢ri theatesuiting parpmister estireatesyv er age  of
t he estimate bist ieregeind depdiimegparameter welimates issdesigmd 1o cdetertenaturalie océurring etep setpoint
obt ai ned i rhangepanitste estimale Piecesa traramptera rvdien Hdy) ceadr- Jae peflimator cbntinuglis caleylatep dhe
used t o aut®serage & el Rocagsatidbler qver aqfixad lime)bosiaen usiva e fict prder fifer. When deetpsinkehangeed
to the operafgpctadyfhe Seimalas, campareselhn, aierages willpte oid pgteoitt ta dpigrmine ifathg peeess yras at
contr ol ssfeé‘?ﬁ TURHINFPff Sosie estimation alggrithry l?t"r"bfs'l“lé'ld aﬁﬁ‘i’mﬁ SRR iC'PPQQ%\WEUﬁ’FT"Eﬁ
out put f38r “f ’B?t BLe mp' %1 eFtB‘?at' 9‘? ol ‘?ﬁ;g rst tsé)onse resu tin

es of

froma co ag‘/i %{grh o5 ue C}:%a‘%’rbe
N e ent n r_Sp cn‘ rection

_unl t; a er tug e ge p%m al Lﬂ% § use Pfo? 'the esé.al% gj:. %'l% r{ap cfngalgg%léra; resu wep
for recei vg‘g Bfe ms a an ou t nmat’ion
uni t; (';bg a) The estlmat Sintit & G gqlalt ﬁ@éegs |§H‘f% )L %e Hﬁdfhonsf or pr ovi di ng
a second r espPPfgQethGint$Ednanged b d bé ,%g,am %ﬁ'hé‘u gl d contro and said
model i ncl udgy mylptcrd MTIHMADS tof RiradidRsthé Blgce§§-fr B htioR BERIcIQ8d B8 legp?olué‘ed
process par aayeﬁ,ers&pg,ﬁt ,gb@ﬁ,gy@dtsgrqusemegal n, ag time constant, and
deadti me i N 5ES PABEEsdt Of SdAERASis oBtintaA 1§ eliarualenge thé® Rilspbndd GQkd brbfssmam,; ipeeng
Oper at i . nubpposiadiregtion of e fisLib&! ThelsBeond &stilfpsQd identify overall process response so as to
. ~  diminish effects caused by non-linearities.
i f) The deadtime/parameter estimator outputs the average of the estimate obtained during the two tests.

The parameter estimates obtained in response to both natural and induced setpoint changes can be used to

automatically update the modsi-based controller or can be presented to the operator for review and manual

45 updating.

Claims

1. A process control system comprising:
. 50 a controller for producing a control output for the process;
means for providing a first response, resulting from a comparrson of a process variable and a
setpoint, to a summation unit;
a model, connected to said controller and located in a feedback loop for receiving said control
output and providing an output to said summation unit; and
55 means, connected to said summation unit, for providing a second response to said controfler;
“wherein said controller and said model include algorithm means for updating said mode! based on
estimated process parameters of observed process gain, lag time constant, and deadtime in response '
to changes in the setpoint, said algorithm means being operative numerically to calculate the values of




[ERéR]- 20 Fromthe foregoing, it is apparent that, by*usrng—tﬂ—nﬁeq—nt-egraLs
of 'systemvariables reacting to a st tse cha et of
equations, solvable for process paraﬁqgi éﬂp% ults. muﬂﬂi " ﬂ'ﬁ

of control areas for paraneter estimation permts ide cess
deadtinme. In addition, the snmoothing effects of integration attenuate t he
effects of process n se 0Ky he uIt| ara ersestimates. 25 The
foregor ng deadti ne/ p (%t &dd detect naturally
o€curring step set poi nt o s and to €§t| rrate process paramneters when
they occyr. The estimator_continually calculates the average of the ocess
vari able over a fixed ti hori zon using a fLrst orde f||t

set poi nt change is detec ed %e estr tor-c m[f& es t gl) he

ol d setpoint to dRs&rmn sk &as at | s. |f
so, the estimation aIgorrthntr run Should a. second gqt ccur
before 3@ the estimation}]is conpleted, the estimtioni rted. T ejuser
may al so sel ect to have e algorithmrun on denmand or on the occurr&ce of
an event or be tinme dependent. Wth respect to these additional nodes of
operation, the=uder specifies the direction and magnitude of the setpoint
change to be used for the test. Triggering the estinmation algorithmresults
in the f®l | owi ng sequence of events: gg a) The estimator waits until it
determ nes that the process is at ste zf OEP g)gns b) The set point
I's changed to a specified amount &% user GZ; ar ters are estimted
to characterise the process frontobser aﬂron of the closed | oop response.
d)'The setpornt is returned to its pre-test value. e) A second set of

d h f
P AR ag%raraga@;m@ ok BT AN E;Djégr; .

n n ss parai ter,
denti y ofgfd i s t E@ %Lf raf% 56 el oot
non- | i near g o e r‘?atfiﬁl?a §§ il & erage
the estigate ,,taﬁ,s 'a"zt; Jm%e§ep setpoint
obt ai ned | Rekiap ot ah e eeddraa o ,Sﬁtegtnrutor ARG oGt

used to autdride GMd proddRitifbid dier REE hmDﬁ&E ﬁéﬂlatarfﬁ:gt bfdbr MEr. WRBn B Setplit sRALEd
to the operabfibctdd? theldBlithadV cBMphrd¥aid! Mera® wmpetatordmatpo.ﬂ B1daBrmiine #\HRREERSwas at
control sysica®) SRYBérdRibrddt so>fhe estimation algdrithrR il i Ish&iid  @EoralsOPsIRt Rghgd o6caNdetond
out put far thdtifition 8BmplEld e dsiiatipf 9dbodtbdlg a first response, resulting

from a conparTrQBerahaycalgorseiee s have ke algb@hra et oi d8@EnaQir Bl the tobcudrersid BNEL dvert or be

uni t; a nodek,dep@dee CWittdresmctstaittése aduittivel medes an dpdration tttecusemspacified alitbdiektioh @,

for recei vimegnitide df thesetpoint changepta tbe ased fornim/testi Triggaing the teptintatidroalgaitheh seutisrinttheon
unit; and %dBowing sequencerefaavents: connect ed to said sunmation unit, for providing
a secondsr esplothe @stinmtos waits uoid it ideteinines thatthepredess is al sleadp stete gbridiipnsand sai d
model i ncl ud® Begeipointtingharasa o # weciipd @mpinh by bapeer-nodel based on esti mat ed
process par afilasmetest are plimplod k9 ohareciasise the afopess frer oseryetiop ohihe elped logp psponse.
de@tdt ine in Fb%@%@"‘t‘ﬁ)‘e@fi‘aﬁ efs Preriest Wlles et poi nt, sai d al gorit hm nmeans bei ng
opét ati ve nufeh Feeand setobpaameian istestimaind to sharacterizsy they respongepoiihes prgcess Moing e
fol | owi rfy co?ﬁpf’ﬂbg n an‘t' rs 'F§ Irr@rsFTm%u‘ﬁi‘t fqlsrtp ideptily oypeall pf‘t‘ieﬁe“F?P??PﬁPﬁ@m

[

;t he est I mat eg ﬁe e/EZ?ame er e matbr outputs the average of the estimate obtained during the two tests.
The paramster estimates obtained in response to both natural and induced setpoint changes can be used to
automatically update the model-based controller or can be presented to the operator for review and manual

45 updating. '

Claims

1. A process control system comprising:
en, 50 a controller for producing a control output for the process;
means for providing a first response, resulting from a comparison of a process variable and a
setpoint, to a summation unit; '
a model, connected to said controller and located in a feedback loop, for receiving said control
output and providing an output to said summation unit; and
565 means, connected to said summation unit, for providing a second response to said controller;
wherein said controller and said model include algorithm means for updating said model based on
estimated process parameters of observed process gain, lag time constant, and deadtime in response
to changes in the setpoint, said algorithm means being operative numerically to calculate the values of
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as the control output approaches a new setpoint in acco '

rel afionshi ps: [ERR] where: [err] = Final Value, Contro“m:] ﬂ“l II'"ﬂ“'
mt)|= Control Qutput at time t [err] SEPOIRMHMGLY n setpeint |erm s +
Wi ghti ng Paraneter = [err] [err] = Cbserved lag tinme constant [err] =

Qbsef ved deadtime 20 2. A method for controlling, & .of0Gese et hrilass parameters,
arknpin or 11 e V2 sl Bl T L S RS et 0
of the process byHELS fi e response to a step setpoint change, the

met hpd conprising: providing a first setpoint to the control system 25
pravi di ng aetorocess vari able to the corltroj'oeystem providing a first new

setpoint to the control systemtopcreate a|s{gp set pot rildtchange t hereto and
to sLart an estimation procedure whichygpstigates process paraneters based
on ah observed process output response to sajd change; calcul ating

numerical |y the values of the fol|owing cofftol areat Lapals [err] and

[err} as thgyprocess 30 out put2 appr.oac eém?cShe fi "hew setpoint in
accordance with the rel ationshi ps: [ER"F%P 40P where: [err] = Final Val ue,
Control Qutput o - m(t) = Control Qutput at tinme t
[ err] SP= Change _iwhes2t poi nt 45 : [err] = Weighting Paraneter =

[err] [err] = Cﬁservreﬁ=lFachalumommh§utaﬂt [err] = Qbserved deadtine; using
sai dicontrolisarea i mitegrContol Oatpgtat imant ne esti nated process paraneters of
observed process gaiASP 9 lpngd imgetediist ant _and deadtime representative of the
process; and updat i ag Weighipe Feasstenbdel * s ng the estimated process
paraneters. a 3. A methoRseNed 8g W85 claim 2, including solving a set of
threé non-linear al Jebt PLVELERNUhs which . relate to the

pracass gair’ lag tine Cfoncsot & 'E\g %npdrocgsesggvkiichrrﬁasr ﬁﬁ%@;ﬁtcﬁ \{iﬁnleyva@ﬁg fdQJ:cItiPtWSuﬁé @&bntrol

se of| 7 EP 6 BQyQ?m:%mﬁ'}sin% 2 model of the process by measuring the response to a step setpoint change, the

method comprising:
providing a first setpoint to the control system;
25 providing a process variable to the control system; .
providing a first new setpoint to the control system to create a step setpoint change thereto and to
start an estimation procedure which estimates process parameters based on an observed process

output response to said change; . _
calculating numerically the values of the following control area integrals |y and Iz as the process

30 output approaches the first new setpoint in accordance with the relationships:
| ) °
' I, = — f (m, - m(t)ldt
_ 35 : aSP  Jo
1 ol
' I, = — [n,, - m(t) Je *tdt
: aASP “0 |
2 N\
0 40
~ where: .
: ' mgs = Final Value, Control Output
0 m(t) = Control Output at time t
al ASP = Change in setpoint -
45 _a = Weighting Parameter = (rm + Tm)~?
7m = Observed lag time constant '
Tn = Observed deadtime;
using ‘'said control area integrals to deter_mine estimated process parameters of observed process
: gain, lag time constant and deadtime representative of the process; and .
n, 50 ' updating the process model using the estimated process parameters.
) 3. A method as claimed in claim 2, including solving a set of three non-linear algebraic equations which
ol relate to the process gain, lag time constant and deadtime respectively as follows '
55
an
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[ERR] - where: [err] = Estinmated paraneters [err] = Initial value, Control
Qut put 15 and: TERR] 25 where: [err] = Ovbserved i
[err] = Filter tine constant to deteigpggrdédya gt i mate
process gain and lag time for updating the process np lﬁmai

claimed in claim3, including the steps of continuall

average of the 40 process variable ovgdp a fixed time horizon u5| ng a
first order filter, and startkn? the_estinating procedure only if a
canparison of the average w th™he fi IS setgpoint determ nes that the
process was at steady state condjtions? 5.""K nmethod as clained in claim
4, includidng the step of aborting the bstl mat{i 8n faeoced®r e (i f anot her 45
set poi nt change occurs . bef.orevhe=edt rmat ilon {procedure—s donpleted. 6. A
method as clained in claim3, including the step of cprovi ded a second new
setpoint to the controller to create a setpoint change thereto in an
opposite di recgl on_wth respect to the change created by said first new
set poi nt, % her %G "ehar act eri ze the overal | response of the process and
di.m ni sh ef fect, 50 caused by non-linearities. PatentansprUche 1.

ProzeBr egel UngSEIan’I ch{.u g{]mtat ) ameters ei nem Regl er zur Erzeugung eines
R

Regel ungsausgangs_ﬁ’f" 5nﬂ, alud, Co zeB; Ernrichtungen zur Bereitstellung
ei ner ersjen, '€i nem erg el ner Prozefvariablen mit einem Sol |l wert
her r Uhr enden., Antvvort fU eine Auf sumﬂ erungsei nheit; ei nem Model |l bzw.
Model | regel krei s, - das bzwkder mt dem Regl er ver bunden und in einer 8

EP 0 370 614 Bi 7 "l T11111 é;l 111 II I111I RuUckkoppungsschl ei fe
angebracht ist und das bzw. -del das Re IerauS‘Qaﬁgsm gnal aufnimt und ein
Ausgangssisgnal an die Auféwrm erungseinheit liefert; 'und Ei nrichtungen ,
die mt der Aufsunmm erungseimheit verbunden sind unckeeg a({zyei tesl)
Antwor t si gnal an den RRegl e+ |la(ef @ ny 1! «+ T V\Bbel—-der—Reg+-e-r—-u-ﬁdlder
Model | regel kieis Al gorithrmug- bzw.. Berechnungsei nri chdutigenIgni ha) t ;
dire auf der Grundl.age von geschatzten Prozel paranmetern von beobachtetem
Proze~ver#t grkungsf akt or, Zeitverzogerungskonstante und Totzeit in Antwort
auf Sot | wert anBlérUngen den Model | regel krei s "auf den neuesten Stand bringen,
wobei- di e Berechnungsei nri chtungen dahi ngehend wirken, zur-Verwendung in
‘Jder Bestinmmung der geschatzten Prozel par ter nunerisch die Werte der

fol genden Regel ungsbe- 10 rei chsent®egratre Ty und112 zu berechnen. wenn
das Regel"iﬂngsausgangsm gnal sich™ ei nem nekgn Sol | wert ni hert, wobei
f ol gende Bezi ehungen gelten: is = - mt) ]dt
h where: .
= Observed process gain
35 ' = Filter time-constant
' to determme the estimated process deadtime, process gain and lag tlme for updating the process -
model.
R . ‘4. A method as claimed in claim 3, inc'l_uding-the. steps of continually calculating. an average of the
40 process variable over a fixed time horizon using a first order filter, and starting the estimating procedure

only if a comparison of the average with the first setpomt determines that the process was at steady
state condrtlons :

- 8. A method as c_laimed in claim __'4, inicluding the step of aborting the estimation procedure if another
45 setpdint change occurs before the éstimation procedure is completed.

"8 A method as claimed in claim 3, including the step of provided a second new setpoint to the controlier

to create a setpomt change théreto-in an opposite direction with respect to the change created by said

. first new setpoint, thereby to charactenze the overall response of the process and diminish effects
o, 50 caused by non-linearities. -

Patentanspriiche

1. ProzeBregelungseinrichtung mit: -
55 : einem Regler zur Erzeugung eines Regelungsausgangssignals flir den ProzeB;
Einrichtungen zur Bereitstellung einer ersten, aus einem Vergleich einer ProzeBvariablen mit einem
Sollwert herriihrenden, Antwort fiir eine Aufsummierungseinheit;
emem Modell bzw. Modeliregelkreis, das bzw. der mit dem Regler verbunden und in einer

8




ASP-106 ; - 12
ASP |.JO

Regtler ausgangss
=; Anjder ung des

= - nbr m t) Je-a'dt 20

onal 25wty =Rogmest@sangen: opUNIN UETEARFIRN -

Sol Iwerts a = Wchtungsparaneter = (rm+ Tm1’ 7m# 5

beohacht et e Ver z RgRkdppirgsehibite OAgcaIbEist TR Tad B %Qma%t'F%g@&Bé?@éségn%ﬁ%ﬁﬂthﬂd ein

Ver flahren zur RegesgaHggsighbinR SicALRERARRAgseHRt 6 &g NDEK

nnt

ver gnder | i che Tot zdirichhagen Udé it ddeAMERFHIIEhgSdihES vé?ﬁﬂ_@énbmstﬁu%rn%itegiAgtwortsignal

ei nem Prozegnod
Sotwer t i nder un
Bereitstel | ung

Bergi tstel | ung

Ber ¢itstel | ung

Er z¢ugung el ner
Abs¢hat zverahr
beobacht et en Pr
schat zt; numeri
Regel ungsberei c

ehr deagreblriigfol; | Ndem di e Antwort auf eine stufenformg

g gevwbs slerRegier oHd dapMedelidgeirdiCAbGHIRE- 52WS B¥dchhungseinrichtungen enthalten,

eflined der Griiag&edr gesdhtitteh Riozébararm@Ere ha @6 Rt ProdéBverstirkungsfaktor,

efqitwgrzdgprungskongianta ridcTotzbit in Adavert BiErelveriasifder Bbn Modellregelkreis auf den

efayestencStanddringeawhei i BenehtungdelorichtlagenRiztiedetiorg varya, AMVavendung in
dar Peatimmung deri ggeahéi8leh Preestparameierchemenisgh diaWente Wirdfolgender Regelungsbe-

e§ichsiptegyaie, I, lugrs Brpu beyechoere wenndas RegeluBgsapsibapgsignel sinbreinem neuen Sollwert

oABeyh ebph felgendeBegishungenfoelithese Ander ung Prozel par amet er

sche Berechnung der Werte fol gender

bsintegrale 11 .und 12 wi hrend das 40 .

Prozel ausgqggssi gnai sich dem ersten nékuen %l | wert nahert gem f3 fol genden

Beziiehungen: 45

ASP:J lori 12
O |

_ I, = — (m,, = o(t)ldfms5 - a(t) ]dt
= - d8%t Ypeat dt 50 -ASP
' ' wobei ; m ,& Endwert, Regl erausgangssi gnal

55 s m(t) = Regl erausganéisi gn@Lz r gn?it 4 £88 jz-Agderung des
Sol I'werts g, = Wchtungsparaneter = (7%1-,L -T? Tm = béobachtete

Verfoger ungszei
wobei di e Regel
Prozel par anet er

t konstante 9 EP 0 3 614 Bl Tm = beobachtete Totzeit.
ungsberei chsi ntegral e verwendet werden, um di e geschat zt en
vibe&: beobacht et en Prozefverstarkungsf aktors,

Zei {ver z6ger ungskomgt-aBidwetiRbgid@isparigesigndi € for den ProzeB reprasentativ
sing, zu besti menm(tunhediorausgangshighalldeiider $t Set zung der :
Prozef model | r egel ka%ht swewdérengudes Sbliwdes wendung der geschgt zt en Prozel par a-

met er .
50
2
35
.:\._4,
40
45

50

55

a = Wichtungsparameter = (r, + Tm)™'.
Tm = beobachtete Verzdgerungszeitkonstante
Tm = beobachtete Totzeit.

Verfahren zur Regelung eines Prozesses, der eine unbekannte oder zeitlich versinderliche Totzeit hat,
unter Verwendung eines Regelungssystems mit einem ProzeBmodeliregelkreis, indem die Antwort auf
eine stufenférmige Sollwertdnderung gemessen wird; wobei das Verfahren aufweist:

Bereitstellung eines ersten Sollwerts fiir das Regelungssystem;

Bereitstellung einer ProzeBvariablen fiir das Regelungssystem;

Bereitstellung eines ersten neuen Sollwerts fiir das Regelungssystem zur Erzeugung einer stufen-
férmigen Sollwertverdnderung darin und um ein Abschitzverfahren zu auszulésen, welches auf der
Grundiage einer beobachteten ProzeBausgangsantwort auf diese Anderung ProzeBparameter schitzt;

numerische ‘Berechnung der Werte folgender Regelungsbereichsintegrale Iy und L wihrend das
ProzeBausgangssignal sich dem ersten neuen Sollwert n4hert gemis
folgenden Beziehungen: : _ '

. . 1 o
I, = — f[m,s - m(t)]dt

ASP o)
1 o) .

I, = — [(m,, - m{t)le‘dt
ASP .0 .

wobei: :

mss = Endwert, Reglerausgangssignal

mi(t) = Reglerausgangssignal zur Zeit t

ASP = Anderung des Sollwerts

a = Wichtungsparameter = (r, + T,)™".

Tm = beobachtete Verz&gerungszsitkonstante

9



S Ein Verfahren.nach Anspruch 2 einschlieflich der Losurg—etnes—Satzes —
drei er nichtlinearer algebrai- scher deichungen, die si
Prozel ver st drkungsfaktor, die VerzogeEFng'mzﬁmtRDnstantem “Tm EWl‘qudl e

Tot zei't wie fol gt beziehen k ~~ASP kest = 1a

Test b Test : © Test = -Z in _ a

20 Tw-i - T'" W@?“htﬁéét?tze't'r?et T., = geschatzte Paraneter; 25

Mn_ = Anf ang S ?@P’QQPQ 8' Haqerweaq?a wRigprg M die geschitzten ProzeZpar&neter des

( P eobachtet Tgﬁﬁ ungsf%\Prs 2e|tverzogerung_s’«]nst3|ge und Totzeit, die fiir dea ProzeB -
besfimmen; und

P ( pras ntat
;~EL£IL~%kest i Neufe etzung der E’:?zeBmodellregﬁlqu{swerte(llgnt%\@mendqg%d)ar gﬁggﬁg@ﬁféngl}para-

Pr ozererstarkungéfaktor 7f = Filterzeitkonstante zur Besti mmng der

geschat zt en £r egeldhiShlcn Alsudn LEERN RE UGS Hs ShLsS run nichtli arer rai
Ver zoger Ungsze's&her Hidlchéngen, EQ%% QB% c:geg% rgé%rm% lg]a%& dg(%gtrzzgg: z q'g a%% |gv%%auf

bringen. @0 4 dMeffofzéimﬁ'?bld?%QJfbh spr UC €l nsc
Mttel wert der Prozel variabl en -Cber ein festes Ze| tintervall unter

Benut zung eines Filters erster Ordnung kontinuierlich zu berechnen und das
Schat zver fahrem nur zu b gi nnen, wen jn Vergleich des Mttelwerts mt dem
ersten Sol I wert ergibt, de® der -Pr 4 : tstabi | en bzw. ei ngeschwungenen
Zustand war. 55 5. Verfahren nach Anspruch 4 einschlieBlich des Schrittes,
das Schftzverfahren abzubrechen, wenn eine yeitererSpllvertangeryng
erfol gt, bevor- das Sch-~ tz,getrf&hren abgescéﬂ 0SS Et. 10" cr \zr v viw cdl
* C L M S * 67"‘Verfahren nacbAnspruch 3
einschlie~lich des Schrittes, einen zweiten %neuen Sol Iwert an den Regler zu
geben, un®darin eine Soll vvertander ung in einer beziglich der durch den
ersten neuen St T tres

wobei: _ .
Kest, Test: Test = goschitzte Parameter;
- "My = Anfangswert, Reglerausgangssignal;
und : '
k., o
30 zZ = —— (1, + 1) - k., L
kesl
_ k., a(r,a + 1)
-Tma
_ a = -Jla(rpa + 1 ¢ ) e
35 [ k‘ (keil 12 -1)
3 . = .2
\/ b=-o
40
b . kes t
c = ( Te * 1 )
kl

45

wobei:

km = beobachteter Prozererstérkungsfaktor
= Filterzeitkonstante zur Bestimmung der geschétzten ProzeBtotzeit, des ProzeBverstirkungsfak-
. : tors und der VerzGgerungszeit, um den ProzeBmodellregelkreis auf den neuesten Stand zu bringen.
" 50 '

4. Verfahren nach Anspruch 3 einschlieBiich der Schritte, einen Mittelwert der ProzeBvariablen (iber ain
festes Zeitintervall unter Benutzung eines Filters erster Ordnung kontinuierlich zu berechnen und das
Schétzverfahren nur zu beginnen, wenn ein Vergleich des Mittelwerts mit dem ersten Sollwert ergibt,
daB der ProzeB im stabilen bzw. singeschwungenen Zustand war.

55 | ' :
5. Verfahren nach Anspruch 4 einschiie8lich des Schrittes, das Schitzverfahren abzubrechen, wenn eine
weitere Sollwertéinderung erfolgt, bevor das Schitzverfahren abgeschlossen ist.
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erzeLgten Ander ung ent gegengeset zten Richtung zu erzeug um so di e

Gesapt ant wor t des Prozes- ses zu |dent|€# éﬁ[ﬁr)‘#pd von[ﬂu E Hw

verursachte Ef fekte zu verm ndern. Revendr ons 1. Sy de
- :

Qr oct

essus conprenant: un regulateur pour produire une sortie connande

pouri | e procesgusyertdifon nach Ansprubtil3 BIRSARIREIRE Hs ScRitiet ionen SwelidHEnetdt $ofwdi€an den Regler zu
SsonMati on, Une PreBéreiufh BRHAOSHSE SEIMEkEnteHg ' diHIE bERADIRAT R HBh e RBLeH HeudHOESiwert

de pi
et °s

rocessus et crisigterohideruele efeuaenggsdizen RichtiRgl Bl erzeubd, Ul 53R desdr@gHil it &Y Prozes-
i tue dans unesebaviabmfiAbeenamd vereNichBiaedriii®n verrSathte ERE®VAIvernliiigint € sortie de

comrande et spour foumr une sortie a ladite unit6 de sonmation ; et, un

noye

n, connect Bewniigatiane' uni te de sommation, pour. fournir, audit

regulateur une seconde 15 - reponse; dans | equel ledit regul ateur et

| edi
| edi
de ¢
récu
forn
des

ala
de ¢
coD
EM

de |
est

(Frtr
est

pr oc

t enp

en nesurant 2d a r6ponse a une v&rlatlo

proc
au s
syst
au s
‘de ¢
| es

pr oc
cal c
sui V|

le p

(-

in“%

i,

e

t rmodel e cdnpfiveltme e cammandsdarprécessrmenmpeengidr i t hme pour nettre a jour

t nodel e en se WaGayhteus pour preduirp sResprie de sorefeande pruelsprpsessetii nes, de gain

rocessud? obser vl MexeT et faulie &ene ¢njss degomaatian. dunecpreriiéret Epgnse désultant d'une

peration en repeHYEngie \’P&?‘?‘%ﬁq REPRESSYE Sy meintcpie censigar gne, | edit noyen

|nt al gorithme Wbgdkin reie audt ceguialourt sits deesy e r‘?&‘f?@rqecﬁ.?ét"i"é‘sCt‘%P%f%ce‘@w ladite

i nt egr al es d&€°80P% 8\%"3339?? ﬂg@”ﬂes al'?"‘%ﬁ’?“@gﬁts%!%‘“at‘ﬁ’bﬁ utilisation
p'f"t?c §(ﬁ'§“58%"t .ngsfwm' PUH r9yiateus, e sgeonde

detern1natloghﬂb?°ﬁ?r§W@ﬁW%
?ngde appr 0 gﬂn lei uel @8 3 (5] r(e:)'tI In mo%el(e: 9:9 SI gn moPent\ormaet\algorﬁhn?‘et po(arnmettre
3 a jour | param eg %e ocessus eﬁtlme de gain df prog ssus
a ts- n( t )obse de tem eta ; et de temps de récu Qfg x Jn&
a sortie de g ﬁs,ng'f

i trﬁo@&n oﬁnaﬁpz{l htﬁm Sorda{ JTEHY I@r&% ane fes urs
la varigi on gl iigit e i vl g ofif € BRI B LB iR ON 04, @ima.on dos
+ TM -1 TM @alambirbs NSRS oblfnes, Q&%ed@s&rﬁt&r&nﬂﬁﬁgé MRRche™Pun nouveau poifiThe
l e tenps de IomigRé dabiedRs AREsisv6. 2. Proc~d6 pour conmander un

essus, qui a un tenps de r~cuperation inconnu ou variable dans le

S, utilisant un systene de connando cinﬁkenant un nodel e du processus,

pas_du p0|n€ ? consigne, le
ede conprenant: a Tolrnrl tu e d ﬂﬁspre } gﬁlnt de consi gne
yst ene de connande | a fournlturé ‘uneSvariabl e de processus au
ene de commande; |a fourniture d'un pregjer nouveau point de consigne

ysteme de commande pour y creer upe * varlatlon de poi nt

onsi gne¥par pas et pour degar Ler_dne irocggure gﬁ&t@g qui estine

paranetres de processus en e bag gs r6po sortie de

essus observee a ladite 50 varlatlon i ni X | e
ul nunerique des valeurs des integrales de surface de commande 1 et 12

ant es. Iorsqﬁ% ortle de processus approche

_renier ﬁouveaulgae szfmﬁghgﬁ °med§§ﬂ$§" e€s relations: A 55 le

ASP est Ia variation du point de consigne ;

a est le paramétre de pondération = (ry, + Tm)™' ;

Tm €8t 1a constante de temps de retard observée ;
40 Tm est le temps de récupération observé.

2. Procédé pour commander un processus, qui a un temps de récupération inconnu ou variable dans le
temps, utilisant un systdéme de commande comprenant un modéle du processus, en mesurant la
réponse 2 une variation par pas du point de consigne, le procédé comprenant :

45 la fourniture d'un premier point de consigne au systéme de commande ;
la fourniture d'une variable de processus au systéme de commande ;
la fourniture d'un premier nouveau point de consigne au systéme de commande pour y. créer une
variation de point de consigne par pas et pour démarrer une procédure d'estimation qui estime les
paramétres de processus en se basant sur une réponse de sortie de processus observée 2 ladite
50 variation ; :
_ le calcul numérique des valeurs des intégrales de surface de commande | et 2 suivantes, lorsque
la sortie de processus approche le premier nouveau point de consigne, d'aprés les relations :

55
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EP 0 370 614 Bl | 111 , 11 11111“'(: LM S * T(
00.11=- J (nss - m(t)]dt ASP 0500 12 (mss -1

m-t) Je-"tdt AsP 0 10 nmXs est Iaswalswsm‘lshal e de | lltl mmﬂ nde;
mt).est la sortie de coommande a |'instant t; ﬂlﬁu“ “ Hm

variation du point de consigne; a est le pararretre de pondérahon = (trm +
Tn)-1 t7 est la constante de tenps de retard observee; Tm est |le tenps de
recuperati on observe. i’ uti lisatian dgsdites int6égrales de surface de
commande pour determ ner |ag par-a-ndatraz dgmd} - m(R)qaessus estines, de
gai n de {)rocessus observ6, de cofs®pante ode tenps de retard et de tenps de
recuperation representatifs du processus ; et, la mse a jour du nodele de ]
processus en utilisant |es paranetres deeprocessus estinbs. 3 Proced6 selon

| a revendication 2, incluant la r@sol gtion d un ensenbl e ,de trois 6quations
al gebri ques 25 non |indai Fe i de r dpser t-ent(t)r]esﬁ‘&dti venment, au-gain
de procggsus, a |la constante deﬁs d@® retard et” au tenps de
recuperation, comre suit: ASP 30. kest =

(4) nmas mruut 1 : aTest - b 35 _ Test= Z

In tl mes est la valeur fmale de la sortie de commande ; (5) a C

Tt =Z- Test (6)’1(1:)4&1 la sortieOdls commande 2 Idswahtt; T,, T.,, sont | es paranetres
estinbs;ssm njt ASP edt & vadation @ wirt doconEgde pour | a valeur initiale et: 45
kmz = o est le pafanetre-de paddiération kee(at + T.h~'kest kest a (Tma+l) 50
a = ~a {mldst la canstafite de empae retard dipservée ;
e~ km (keet le2emps)dsyécupérajion8osdrig.
o I'utilisation desdites intégrales de surface de commande pour déterminer les paramétres de
. vy 20 processus estimés, de gain de processus observé, de constante de temps de retard et de temps de
récupération représentatifs du processus ; et,

la mise 2 jour du modéle de processus en utilisant les paramétres de processus estimés.

3. Procédé ssion la revendication 2, incluant la résolution d'un ensemble de trois équations algébriques
25 non linéaires qui se rapportent, respectivement, au gain de processus, a la constante de temps de
retard et au temps de récupération, comme suit : :

ASP .
20 . kest = . ( ) .
: mgg — Mjnjt
1 .- aTeSt - b
. fest = Z — 1n [ — (5)

Test = Z - 7eq _ ©

40 ol :
B Kests Tests Tost SON 16 paramétres estimés ;
Miniy ©5t 12 sortie de commande pour la valeur mltlale et:
k; .
45 : m
' zZ = (Tg + Tm) - Kest I,
kest - N
: _ Kest @ (Tpmatl)
' ' + e Tn®) + ]
: 50 a=-[a(tfa +1 e ‘m) _
Q&- - km (kestIza"l)
b=-2

55
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determiner |e tenps de r6cuperation de processus, |e gain

|l e tenps de retard estines-pour nettre a jour |e nodel e de processus
Proced6 selon la revendication 3, incluagi.Les 6tapes consistant a calculer
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5. Procédé- selon la revendication 4, incluant I'étape constituant & abandonner la procédure d'estimation si
: _ une autre variation de point de consigne se produit avant que la procédure d'estimation soit terminée.
.\\/( 20 - » . . 3 ! ' ) . .

: _ 6. Procédé selon la revendication 3, comprenant I'étape consistant & fournir un second nouveau point de
consigne au régulateur pour y créer une variation de point de consigne dans le sens contraire par
rapport & la variation créée par ledit premier nouveau point de consigne, pour caractériser par ce
moyen la réponse globale du processus et pour diminuer les effets provoqués par les non-lindarités.
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