WP2 - 4:45

Closed loop transfer functions and internal stapility

“rogess Let us consider a (1Xm) liresr, rational,
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By & polynorial formulation, we explicitely and

exhaustively define the set of tracking and time invariart plant

regulation transfer funetions z process can assume
by linear closed loop control urder consirzirt of
internal stapility. This result exhibits the
freedom let to control law desigrers zand zllows us
to study new results on adaptive control in a
anified framework.

1 - Introduction

guestion of process controls is %o
define the set of closed loov transfer functions a
given process can assume while meeting sorme cons-
traints such as internal stability. This gquestion
hes been considered in numerous siudies but more
explicitely in the model following rroblem (¥zP).
Among the works we were svware of, let us mention
that of lMorse who gives ar implieit condition for
the MFP solution through & geometric aprroach D l
Yhen this condition is met, thre model is said to
be acmissible and if more over internzl stability
(IS) is satisfied then thre model is said to be
accepteble. In [2, Th 8.5.2], using = polynomizl
arproach, Wolovich shows that the MFP is eguivelent
to that of firding a causal transfer funetion,
solution of & rational matrix eguation. Forney
[3, Th6] gives then az necessary and sufficient
condition for admissibiliiy, eguivalent to thzt of
lorse. & more explicit result exists in [4,Th.4.5]
for a right invertible process and is completed in
[5] as for acceptability. More complete results

can be found in |6 where Youlas et al. give =z
necessary and sufficient polynomizl econdition for
the MFPRIS (model following rroblem with robust
internal Stabllxuy) without input dynamics. And
finally, after the first writting of this paper,
Perneso gave ir [7),[8] complete ard explicit
results usirg A-generalized polynomials. Our
approach here is more resirictive but it vetter
exhibits the key role pleayed by unstable open loop
roles and zeros.

Using a polynomial formulation, we here give
an explicit and complete description of admissible
and acceptavle tracking and regualation models for
both MFPIS and MFPRIS. 1In chapter II, we set our
problem, chzpter III is devoted to some technical
lemmas, the main results and comments can be found
in chapter IV and chapter V is that of corclusions.
411 proofs are omitted (see [9])

An important

in

? - Problem statement
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we assume to be completely
controlladle and to ve deseribed by

L, (o)z, =u 7.2 @ + W

pRlz=a oy oz, (1)
where 1 12 in R® are input and partial stzte
vegtors, Toy., wooin Rl are output and

disterbance vectorst ena A (0), B,(v) are (mxm)
and (1xn) polynomial matrices in b such that b is
the vackward shift operator = 1k 1) arnd

A1(O) is invertible (ecausality), Renk B (b)=n (zp)

Control law
linear rationa

we corsider hLere the most general
1 time irvariant control law given

by

¢y, =R()r, - Do)y, (2)
where v, in R is set voint veector and ¢{v), T(b),
R\b) gre mXm, mXl and mX1 polynomizl mstrices
suerh that
c{c) invertinle, lim C—1 B )R(L and

b= 0 b

lin ‘c‘1 b D (b finite (ac)
b= 0 b
closed loop trarsfer funetions : we have six closed

loop trarnsfer funetions

g (6) = 4, () (0)R(s)  U_(6)=4, (0)E (5)(b)

z,(6) = FORG) oz ()= = no)3)

7,(0) =B (0)E ()REG) ¥ ()= 1B, (8)F7 (6 )D(b)
B(o)=Clo)4, (o) + D(o)3, (v) (4)

vhere U,Z,Y specify input, partial state and output
respectively while indices t and r specify set

point and cisturbance.

vroblem statement: Let £ be a subset of C containing

the origin (usually # is the unit dise), let W
be the oet of pXg rational matrices, (o) in

W%xo is szid to be -stable iff the determinant
st of any minimal representation (see[10]) has

all its roots strietly out of £,T(v) is causal iff
lim T(b) finite and strietly causal iff lim 7T(v)
b e finite. b— =)

We want to completely characterize the following
three sets :

(1) mxaofgwxmgwin%ﬂ

control law (C,D,R) exists meeting
(EC) and with () :

M (b)) = Yy(o), ¥.(o) =¥, (b)

such that a

cornditions
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eorem 2 @

“reorec. 2 : 7, is ronrempty 17 4 (T
detectes’e anc”:

. { ) (), (i )z, (0, (0))5 (6,

tae interz ctov rotion
2-Treorer 2
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“oreover oreun 100L zeros

closed loop zeros zni closed
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2 - Tecknical lermas
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R =58, D =1T (12)

£ FORTRAN rr 2 been writtven to reszlize this
cesign 73], it uses exaet volynomizal computation
via Zensel coze
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Thus control law design may be reduced to finding
staeble and strietly causal rational transfer
funetions sueh that the closed loop transfer fune-
tions are the "best" possivle. TFor this "best"

to nmzke sensewe may use Wiener-Hopf approach to
minimize a quadratiec diztance between desired and
acceptable behaviours which with (10) are completely
cefined in terms of unstable gpen loop poles and
zeros and the moniec factor E “(b). Then compered
with [6] we may expect simplification of this
ninimizatior due to order reduction.

Coviously this task is too much computation deman-
ding to be achieved on line for adaptive control.
In this czse the simplest technicue is to use
directly ecuation (4) for vole vlacement but
without well defined zero placement [14], [15].

5 - Conelusion

We hnave arswered the questior asked by lorse in [1]:
The set of regulation and tracking closed loop
transfer furections a plant c¢an assure while
vreserving internal stability is explicitely and
exraustively characterized in terms of unstable
open loop poles and zeros and a rmorie factor

of & controllatle polynomial right representatior.
This raturally exhibits the freedom one has in
designing control laws and shows that one ean worx
with these irreducible comvonerts only, whereas any-
lirear time invariant control law can be rezched in
this unified framework.,
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