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Abstract

We consideadaptieregulationof thetemperaturéor exother
mic chemicalreactors. Thesereactorsmay exhibit multiple
steadystatesandthe relevantoperatingpoint could be an un-
stable open-loopequilibrium. The adaptve controller com-
binesthe socalledA-trackingapproactwith afeedbackwvhich
obeysasaturationit is simplein its design,doesnotinvoke an
obsenrer, and cancopewith measurememoise. Trackingis
achievedupto ary pre-specifiecaccurag, the choiceof which
is left to the designer The classof exothermicchemicalreac-
torsto which the controlleris applicableis considerablyjarger
thanthe classego which robust(non-adaptie) global stabilis-
ers, previously studiedin the literature,can be applied. The
adaptve control strategy doesnot requireary knowledge of
the systemgarameteranddoesnotinvoke aninternalmodel.
It is only assumedhatthereferenceemperaturao betracked
is feasible.The problemof temperaturérackingis solvedboth
locally, i.e. thetemperaturenustlie in aboundednterval, and
globally.

1 Intr oduction

In this paper we considerinput-constraineddaptve control
for aclassof nonlinearsystemsarisingasmodelsfor controlled
exothermicchemicalreactors.Our objective is set-pointcon-
trol of temperatureSincetherateof corversionshouldbeeco-
nomicallyprofitable the set-pointis oftencloseto ahyperbolic
equilibriaof the openloop system.

In chemicalengineeringan analysisof the dynamicsandthe
control of exothermiccontinuousstirred tank reactors(ExC-
STRs)originatedin thework by Aris andAdmudsor{2]. More
recently andof relevancehere,Viel etal. [10] proposed state
feedbackcontrollerincluding an obsener which canglobally
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stabilisethe temperatureof EXCSTRS. Thesecontrollersre-

quirefull or partialknowledgeof thestateandsincesomestates
aredifficult to measurghesecontrollerscanbe difficult to re-

alize. Jadotet al. [8]. have derived adaptve dynamicoutput
feedbaclcontrollersby modifying standardPl typecontrollers.
This controller, which also usesan anti-windup scheme,is

more complicatedthan our control stratgy. Similar results
have beenobtainedby Alvarez-Ramireand Fermat[1]. But

there,unlike our approachthe proposedcontrollerrequiresa

minimum phaseassumption.

We combineadaptie A-tracking, as introducedby lichmann
and Ryan [5], with the resultson non-adaptie global sta-
bilisation of EXCSTRsunder input constraintsachiesed by

Viel etal. [9]. Here\ standsfor an arbitrarily small but pre-

specifiedaccuray of theboundedrackingerror. The adaptie

controllersintroducedn this papergeneralise in thesensehat
trackingis not achiered asymptoticallybut for arbitrarysmall

andprespecifiediccurag A - andextendtherobustglobal sta-
bilisation resultsobtainedin [9]: a considerablybiggerclass
of reactormodelsis allowed (e.g.consenration of massis not

necessaryor the modelbut a dissipatvity conditionsuffices),
“small” noisecorruptingthe temperatureneasuremenis tol-

erated,and parameterof the systemmodel are not invoked

in the controller The presentapproachdiffersin anessential
way from the standard\-tracking approachseefor example
[5]: Whilst in the latter work the difficult partlies in proving

theboundednessf the closed-looprajectoriesfor reactorsof

theform (1.1)thisboundednesis aconsequencef theproper

tiesof reactormodels.However, we encountenew difficulties
becausef theinputsaturation.

We considetthe classof systems

8.
—~
o~
~—

Cr(m(t),T(t)) +d[z'™ — z(t)] (1.1)
bTr(z(t),T(t)) —qT(t) + u(t), '
where,for n € Nandn > m € N, the constant@ndvariables
denote
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z(t) - concentrationsf then chemicalspecies,
# € RY, - constanfeedconcentrations,

C =le,...,cm] € R*™™ - stoichiometricmatrix,
b € RT, - coeficientsof the exothermicity

d > 0 - dilution rate,

g > 0 - heattransferrate betweenheatexchangerand
reactor

T(t) - temperaturef thereactor

andthefunction

r(-,-) : R, x Ry = RT,
with 7(0,7) =0forall T > 0

is locally Lipschitz (1.2)

andrepresentshe reactionkinetics. Note that the volume of
thecultureis constansincetheinflow rateandoutflow rateare
equal.

Thefollowing structuralassumptionsf (1.1) areassumed.

(A1) R;‘ng is positively invariantunder(1.1) for any bounded
andlocally integrableu(-) : R>g — R>.

(A2) Thereexistsy € R, suchthaty” ¢; < 0 for all columns
¢, ... ,Cny Of thestoichiometriomatrix C'.

(A3) For T* > O thereexist0 < T < T* < T,p > 0,
0 < u <, suchthat0 < u+p < ¢T—b"r(2,T) < T—p
forall (z,T) € ., x [T,T],

where

Q, = {zeRe|+"z <y 2™},
and 2, denotesits closure. The assumption(Al) is “natu-
ral” for reactors— concentrationgnd temperatureshouldnot
becomezero oncethey are positive. In Section2 we shav
thatthe specialform of a singlereactionreactor(2.1), sothat
n = 2, satisfiesthis assumptiorautomatically For reactors
with higher multiple coupledreactions,sufficient conditions
for (A1) are givenin termsof specificrates(seee.g. Propo-
sition 6 in llchmannandWeirig [6]). If (1.1) satisfiegthe law
of consenration of massthenthereexistssomey € RZ,, so
thaty%'¢c; = 0 for all thecolumnvectorse; in the stoichiomet-
ric matrix C, andsoin particular(A2) is satisfied.This result
canalreadybe foundimplicitly in the standardnonographoy
Gavalag[4], andit is alsoassumedHowever, if C doesnotrep-
resentheexactstoichiometriaelationshipbetweerthediffer-
entspeciesthenthe modeldoesnot satisfythe conserationof
mass,but it might still be realistic sinceall “essential’reac-
tionsareobeyed. For this approachwhich wastakenin Bastin
andDochain[3], [6] developedthe concepbf ‘non-cyclic pro-
cesses’which ensuredlissipatvity of mass. Non-gyclic pro-
cessesatisfy(A2), andthereforan this paperwe assumegA2)
asa relaxationof the conseration of massassumption.Note
that by continuity of r(-, -), (A3) is a consequencef the fol-
lowing wealer assumption:

(A3") ForT* > 0thereexist0 < u < @, suchthat,

0<u< qT* — bl'r(z,T*) <u foral =ze€Q,.
Ourreasongor working with (A3) aretwo-fold: Theintroduc-
tion of p makesthe expositionin theproofsclearer;in someof
theresultswe needto useexplicit knowledgeof [T, T] sothat
(A3) holdsfor somep. (A3') is simply afeasibility assumption
arisingbecausef the saturatiorof the non-neyative inputu(-)
aty andu. Theassumptior{A3') coincideswith (H3) in [9].

The control objective is to regulatethe temperaturel'(t) to-
wardsa prespecifiecheighbourhooaf a givenreferenceem-
peratureT*. Theactualerror

ét) = T* — T(t)

may be corruptedby noisen(-), sothatthe measureerrorbe-
comes

e(t) = T* —T(t) + n(t).
Thenoisesignaln(-) : R>o — R is aboundedandcontinuous
function.

The control objective will be achieved by the so called A-
tracker, i.e.

et) = T*—T() +n),
u(t) = wa (B(t) e(t) + u*),
(t) sat, (]l((t()|) (/\))l .f) o o
. e - , € >
) = 7{ 0, it le(t)] < A

wherel > 1, A, v, 8(0) > 0 aredesignparametersy* € (u, )
is a constanbffset,and

sat,z(n) == ¢ 0, if n€[u,q]
u, if n > u.

Note the simplicity of the adaptie A-tracker. It consistsof
a proportionalerror feedbackwith saturation,and the time-
varying proportionalgain 5(-) is determinedadaptvely by the
errormeasuremerdlone.

We also considera non-adaptre version of (1.3) wherethe
feedbacKaw is replacedy

u(t) = satyq (8" e(t) + u*),

for somes* > 0. Althoughthis non-adaptre strateyy is pos-
sibly consenative since3* needsto be sufiiciently large, it is
usefulbecausat simplifies (1.3). Note that we give explicit
lowerboundsfor g* in termsof weaksystemglata.

(1.4)

Finally, we consider(1.3) but with a so called o-modification
of thegainadaptationi.e., for someg, 8* > 0,

B(t) = —olB(t) — B*]
{ (le(®)] = A, if
+

0, if

(1.5)
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Theadwantageof (1.3)over(1.4)is thatthegainis foundadap-
tively. However, temporarydisturbancesvill clearlyleadto an
increasen thegain. Whilst this highergainwill producefaster
rejectionof the disturbanceto retainthis highergain,as(1.3)
would,whenthetemporarydisturbancebave passeds notsat-
isfactory Theo-modification(1.5) hasthe effectof decreasing
thegainbacktowardsg*.

Throughoutthe paperwe assumethat the saturationbounds,
theoffset,thetemperatursetpointand\ satisfy

0<u<u*<u, 0<A<T T+,

0<T <T*<T. (1.6)

For the proofs of the resultsin Sections2, 3 and 4 seellch-
mannetal. [7].

2 Local A-setpointcontrol —singlereaction

In this section,we considera first order exothermicchemical
reactorand regulation of its temperatureoy A-tracking with-
out noise corruptingthe outputmeasurement,.e. n(-) = 0.
An applicationof the A-tracker (1.3)will forcethetemperature
T(t) towardsa A-strip aroundthe setpointT™*. The dynamics
of afirst orderexothermicreactionmay be describedoy mass
andenepy balancesf the reactionprocess.Specifically we
assume modelfor a singlereactionof theform

) = —k(TE)r®) + d[r™—r@)]
pt) = k(T®)r@t) - dp(t) (2.1)
T(t) bE(T@®)r(t) — qT(t) + u®).

Hereb > 0 denoteghe exothermicityof areactionA — B,
ri? is the constanfeedrate,andthereactionkineticsaregiven
by a locally Lipschitz function k(-) : R>o — Rs¢ with
k(0) = 0. A typically exampleof k(-) is the Arrheniuslaw
k(T) = koe =T, whereky is a constantactor E is the acti-
vationenegy, andR is the Jouleconstant.

Thefunction k(-) andthe positive constantsi, ¢ andb areun-
known.

For the classof systemq1.1), the feasibility assumptior(A3)
becomes:

(A3") Thereexistp > 0 and0 < T < T* < T suchthat,

0<u+p<qT-bk(T)r <u—pforal (r,T) €
[0, 7] x [T,T].

We show that the A-tracker (1.3) with n(-) = 0 is universal
for theclassof systemg2.1) satisfying(A3") in the sensehat
the closed-loopsystem(1.3), (2.1) has boundedtrajectories,
the gainadaptatiorcorvergesto afinite limit and,mostimpor-
tantly, the temperatureorvergesto a A-neighbourhoodf the
setpointT™. Thisresultis achieredlocally in thesensedhatthe
initial temperaturemustlie inside (0,T) anda conditionim-
posedon theinitial gainin termsof the feasibility assumption
ensureshat(0, T) is positively invariant:

Theorem2.1. Suppos€1.6)and(A3"). Define
Qpin 1= {(r,p)| r>0,p>0,r+p< ri“}.

Thentheapplicationof the A-tracker (1.3)with n(-) = 0 to ary
system(2.1)yields,for ary initial data

(r(0),p(0)) € Qpin, T(0) € (0,T),

B(0) > [u* —u]/[T —T7],
aclosed-loopsystemwith uniquesolution
(r(),p(),T(),ﬁ()) :RZO — Qri“ X (OaT) X R>0
onthewholetime axisR>q and,moreover,

2.2)

0) tlim B(t) = B € R>g, i.e. the gainadaptationcon-
véiges,

(i) tli}m dist <|T* - T, [O,A]) = 0, i.e.thetemperature
T (t) tendsto the A-neighbourhooaf the setpointT™*. O

The non-adaptte controller suggestedn [9] for the system
(2.1) hastheform

u(t) = satiym (B°(T* = T(1)) + qT(t) — bR(T()r(1))-

Here 8* > 0 needsto be sufficiently large, the controllerre-
quiresexplicit knowledgeof thereactionkineticsandthe fea-
sibility assumptior{A3") is assumedNote thatthe A-tracker
doesnot requireary knowledgeof the typically uncertainre-
action kinetics nor ary other systemparametersand that a
sufficiently large gainis found adaptvely. Note thatwe only
achieve A-trackingwhilst in [9] asymptotidrackingof the set-
pointT™ is achieved. However, A > 0 canbechoserarbitrarily
smallandsincethereis usuallyuncertaintyin themeasurement
aryway, A\-setpointcontrolis appropriate.

3 Local tracking —multiple reactions

In this section, the local tracking resultin Theorem2.1 is
extendedto multiple reactions,i.e. reactorsof the form (1.1)
satisfying (A1)—(A3). Significantly we also allow for noise
corruptingthemeasurement.

Theorem 3.1. Supposg1.6), (A1)-(A3), andthe continuous
noisesatisfies

igg{|n(t)|} =: |In|lec < min{T -T% A/2}. (3.1)
Thenthe applicationof the A-tracker (1.3) to ary system(1.1)
yields, for ary initial data

z(0) € Q,, T(0) € (0,T),
B(0) = [u* = u]/[T = T* = [In]ls],

aclosed-loopsystemwith uniquesolution
(x()aT()MB()) : ]RZO — Q»y X (O,T) X Rso

definedonthewholetime axisR>o and,moreover,

(3.2)
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() hm B(t) = B € R>o, i.e.thegainadaptationcon-

verges
(i) lim dist(|T* —T@®)], [0,\+ ||n||oo]) =0, ie.the
temperaturd’(t) tendsto the [\ + ||n||co]-Strip
[T* = XA+ [Inflee], T* + [A + [In]leo]] @St = 00. O

Notethattheonly informationneededor the A-trackerto work
is sufficiently largeinitial conditionof thegainparametef(0)
in termsof the upperfeasibility boundT and||n||. Thisis
notarestrictionsince||n||~ is known andin thelocal casewe
assumd’(0) < T, sothatknowledgeof T is needed.

4 Global tracking —multiple reactions

The mainresultof the previous section, Theorem3.1, hasthe
shortcominghatit is local in the sensethattheinitial temper
aturemustlie inside (0, 7). This shortcomingcan,underad-
versetemporarydisturbanceso thereactioneadto a problem
of thermalrunaway in thatthe reactiondynamicsareattracted
to anotherstable but undesirablegquilibrium. Seethe simula-
tionsin Figurel. Dueto thegiveninput saturationsit maybe
impossibleto reducethetemperatur®f thereactionfrom such
equilibria by control of the temperaturealone. This problem
alreadyarisesin the non-adaptie case,seethe exampleand
simulationsin [9]. To overcomethis problemin [9] an addi-
tional input actionis introducedwhich hasa cooling effect if
thetemperaturés too large. For examplein thesinglereaction
casethey considerthemodel

it) = —k(T@®)r@t) + du)-r@)
pt) = kK(T®)rt) - dp) (4.1)
T() = bE(T@®)rt) — aT() + u(?),
andsettheadditionalinputv(-) to
A, if T(t) € (0,T)
vt) = { 0, if T(t)el[T,o). (42)

The effect of (4.2) is that, whenever T(t) > T, then#(t) <

—dr(t) andhencer(-) decreasesif T'(t) > T is maintained,
theneventuallyr(t) is smallenoughto yield adecreasén tem-
perature.

It is not clear to us whether the resulting discontinuous
closed-loopsystemhasa solution. Our approachreplace<4.2)
by a simplepieceaviselinear controlfor v(-) which connect)
andri. A similar approactworksfor multiple reactionsf we
specifythe modelasfollows.

The stateis dividedinto two substates;; (t) andzz(t), sothat
all reactantsare collectedin z;. Applying a permutationto
(1.1)yieldsasystemof theform

() = C'r(z(t),T(t) + dlz—z:(t)]
ia(t) = C%r(2(t),T(t) + dlzf —z2(t)]
T@t) = b'r(z(t),T(t) — qT(t) + ul®),

where C* € Rr—m)xm (2 ¢ Rmxm gin ¢ RI™,
zir € RT,. Sincez; representshe reactantof the chemi-
calreactorit followsthateachentryof C' is non-positve, i.e.
Cl e R&”O_m)xm. Theassumptior(1.2) onthereactionkinet-
ics mustbe strengtheneébr multiple reactionsasfollows:

(A4) Thereexistsacontinuoudunctionx(-) : 2, — Rxq such

that, ||r(z, T)|| < k(z)T forall (z,T) € Q, x
Ry, andlim,_,; k() =0 uniformlyforary & € RZ,
with Z; = 0 for somei € {1,...,n}. B

Note that (A4) encompassethe following classof systems
consideredn [9].

m

D biki(T) i)

i=1

bl r(z,T) =
whereeachb; > 0, eachfunctionT — k;(T) is positive,
boundedandglobally Lipschitz,andeachfunctionz — ¢;(z)
is non-ngyative andvanishesf any componenbf z is zero.

The constantconcentratiorof reactantsn the feedflow zi* is
replacedby a feedbackterm v(8(-)e(+)). The overall model

thenbecomes

g1(t) = C'r(z(t),T(t) +dv(B(t)e(t)) — z1(t)]
#2(t) = C?r(z(t),T(t) +dzh — 22(t)]

) = b"r(z),Tt) —qT®) + u(t).

(4.3)

In orderto reducethegradientof theexothermicreactionwhen
the temperaturas too large, so asto producea cooling effect
onthe systemmotivatedby (4.2) we choosefor arbitraryd €
(0, u* — u), acontinuousand(n — m)-dimensionab(-) given

by
0 if Bee(—oo,u—u*]

v(Be) = ¢ [Be+u* —ulzi"/s, it PBe€ (u—u*,u—u*+9)
it if Be€[u—u*+4,00).

(4.4)

This coolingactionby v(-) couldbedrivenby theerrorinstead
of Be. Butsincefe is usedin the controlactionanyway andis
moresensitve, we use(4.4).

We arenow in a positionto statethe mainresultof this paper

Theorem4.1. (Adaptivetrackingin the presencef noise.)
Suppos€1.6), (A1)—-(A4), andthatthe continuousoisesatis-
fies

}

Thentheapplicationof the A-tracker (1.3) combinedwith (4.4)
to ary system(4.3) yields, for ary initial data z(0) € Q,,
B3(0) > 0, aclosed-loopsystemwith uniquesolution

(@(),T(),8()) : Rxo

definedonthewholetime axisR>o and,moreover,

sup {|n(t)[} =: [Inll < A/2. (4.5)
>0

2
— O, xR,
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() hm B(t) = B € Rxo, i.e. the gain adaptationcon-
verges

(i) lim dist(|T* —T()], [0,\ + ||n||oo]) =0, ie.the
temperaturd’(t) tends

tothe A + [|n||eo]-strip [T* —
||n||oo]] ast — oo.

A+ linlleo], T* + [A +
O

The following Theorem 4.2 shows that tracking can be

achieved by the non-adaptie feedback(1.4), if the constant
gain paramete* is sufficiently large (dependingon the fea-

sibility bounds).This feedbackis simplerthan(19) in [9] and

anexplicit lower boundfor thegainin termsof crudesystems

datais given.

Theorem4.2.
noise.)
Suppos€1.6),(A1)—(A4), (4.5),and

(Non-adaptie tracking in the presenceof

* > 8= u—u et R
Frzp m“{A—mMM’A—wmm (4.6)

Thentheapplicationof the non-adaptie outputfeedback

u(t) = safyq) (8 e(t) + u*),

e(t) = T* = T(t) +n(t), (4.7)

combinedwith (4.4) to any system(4.3) yields, for ary initial
dataz(0) € Q,, 3(0) > 0, aclosed-loopystemwith aunique
solution

(IL'(), T())

onthewholetime axisR>o and,moreover, thereexistsa finite
timet; > ' suchthat

e(t) €

: RZO — ny X ]R>0

(=20 for all t>t. (4.8)

O

Onecouldaskwhy to useanadaptve feedbaclcontrollerwhen
onecould usea constantgain feedbackcontroller Indeed,in

orderto apply the global A-tracker with adaptve 3(-) in the
presencef outputnoisen(-) we needto know 7' andT’, whilst

knowing is consenrative andthe gainfoundadaptvely maybe
muchsmaller Notealsothatif n(-) = 0, then(4.5) holdstriv-

ially sothatthe adaptve gainfeedbackcontroller(1.3) applies
withoutrestrictionwhilst the constangainfeedbackcontroller
(4.7) would still needto verify that 8* > g'. If the system
is subjectedo transientdisturbancesvhich violate (4.5), then
theconstangainfeedbaclcontroller(4.7)would notapply. On

the otherhand,usingthe A tracker (1.3) would clearly leadto

largegainparametersvhich, since(t) > 0, would beretained
asthe transientdisturbancepass. Suchhighervaluesof gain

tendto producea poor control actionwhich switchesrapidly

betweenthe saturationbounds. This possibility of large tran-
sientdisturbanceseadingto unnecessarilyarge gain parame-
tersmotivatesthefollowing o-modificationof thegainadapta-
tionin (1.3).

Theorem4.3. (Adaptive trackingwith o-modificationin the
presencef noise.)

Suppos€1.6), (A1)—(A4), (4.5),l > 1,0,\,v > 0,andg* >
B' asdefinedin (4.6). Thenthe applicationof the adaptve
outputfeedback

e(t) = T*—T(t)+n(),
u(t) = Satuu]( t)( U*)a
Blt) = —o[B(t) — B (4.9)
{(le(t)l N if fet)] > A
+v .
0, if  le(t)| <A

combinedwith (4.4),to ary system(4.3) yields, for ary initial
data z(0) € ., 3(0) > 0, aclosed-loopsystemwith unique
solution

onthewholetime axisR>q and,moreover,

:Ryg — QVXR2>0

Q) Jim B = 5,

(i) thereexistsafinite timet' > 0 suchthat|T™*
[0, A+ ||n||eo] forall t > ¢/,
i.e. afterfinite time ¢’ the temperaturel’(¢) stays,for all
t > ¢/, within the [A + ||n||oo]-sStrip
[T* = X+ [Inllso], T* + [X + [Inlloo]] -

~T@)| €

O

5 Simulations

Thesimulationsareperformedfor the samereactionequations
asin [9]. A singlereactionis modelledwith the Arrheniuslaw

k(T) = ke " 7. Asin [9] the systemparametersf (2.1) are
takento be

ko =€, d=1.1, ¢ = 1.25[min"!],
k1 = 8700[K], r* = 1 [mol/1], b = 209.2 [K1/mol].
(5.1)

Theobjectiveisto regulatethetemperaturén aneighbourhood
of T* = 337.1[K]. It is easyto seethatthefeasibility assump-
tion (A3") is satisfiedfor
= 295, T=

7 = 505, 240,

IS

T —339.65[K], p=5. (5.2)
The parametersf the A-tracker (1.3) arechoseras
u* =330, T*=337.1[K], A=285 [=2 (5.3)

Note thatthe toleratederror aroundthe referenceemperature
is lessthan1%. In the simulationswe choosef(0) = 12 and
considerthe two initial conditionsT'(0) = 320 and7'(0) =
390. Asin [9], we chooser(0) = 0.02 andp(0) = 1.07 for the
initial conditionsof thesinglereactor(2.1).

Adaptive A-tracker (1.3) with cooling action (4.4), appliedto
the singlereaction(2.1) in the presencef noise: Figurel il-
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Figurel: Closed-loophehaiour of theadaptve A-tracker (1.3)
combinedwith cooling action (4.4) for global setpointcon-
trol with noisewith parameter¢5.3) andnoisesignalgivenby
(5.4),appliedto thesinglereaction(4.1)with parameter¢5.1),
(5.2),T(0) = 320 (solid), T'(0) = 390 (dotted).

lustrateghatthe controller(1.3) combinedwith (4.4) cancope
with noisesignal:

1

n(t) = T

(¥). (5.4)

Heregq () is thefirst componenbf the Lorenzequation

q@i(t) = 10[g2(t) — 1 (¥)], 1(0) =1
d(t) = 28q1(t) — @2(t) — @1 (t)gs(t), ¢2(0) =0
@3(t) = qat)g(t) - Ses(t), g3(0) =3

which has chaotic and but boundedsolutions. In this case
[n(t)] < 1.42 for all ¢ > 0. Hence,n(-) satisfies(4.5) for

thedatagivenin (5.2)and(5.3). TheerrorT* — T'(¢) is forced
into the [A + ||n||oo]-Strip [—4.27,4.27] despitethe chaotiche-

haviour of the noiseterm (5.4). WhenT'(0) = 390 theinputv

is switchedoff, i.e. v(0) = 0, andconsumptiorof the reactant
is increased.This causeghe temperaturdo drop, thereexists

t' > 0 suchthatv(t) = rin for all ¢ > ¢ and A-trackingis

achieved. On the otherhand,if 7'(0) = 320, v(-) = r® and
thereis no needfor acoolingaction.

7 Conclusion

In this paperwe have appliedA—trackingtechniquesn the set-
pointcontrolof thetemperaturéor aclassof nonlinearsystems
arisingasmodelsin chemicalreactorcontrol. Their applica-
tion requiresonly limited information concerningthe system
andthey also quite readily tolerateboundednoise. In mary
respectshey generalisethe controllersdevelopedby [9]. It
is worth noting that the minimum phaseassumptionsisually
neededor A-trackingarenot needechere.Insteadwe exploit
thenaturalpropertyof chemicalreactorghattheinternalstate,
i.e.theconcentrationss bounded.
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