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Foreword

Distributed parameter systems (DPS) is an establishedofreaearch in control which
can trace its roots back to the sixties. While the generabkaim the same as for lumped
parameter systems, to adequately describe the distrimatienle of the system one needs to
use partial differential equation (PDE) models. The madglissue is in itself nontrivial, es-
pecially when there is boundary control action and sensinthe boundary. Controllability
and observability concepts are subtle and investigatiagelior a single PDE example leads
to a sophisticated mathematical problem. The action ofrotiimgy the system introduces
feedback into the PDE model which results in a more com@iatathematical model; the
resulting closed-loop system may not be well-posed anddbige has only quite recently be-
come well understood. At this stage, the mathematical machifor formulating the basic
control problems is available (although not so well knowarjd this has led to a wealth of
new system theoretic results for DPS.

If this theory is to be applied, it needs to be tested by nuraésimulations of feed-
back connections of PDE systems, which requires anothararenathematical expertise.
Over the past decades considerable experience has bedreddgunumerical modelling,
simulation and control of DPS for various applications. &rtigular, much work has been
done on the numerical implementation of LQG and miniMax athms to various classes
of PDE systems. This involves an analytical study of appnations of solutions of opera-
tor Riccati or spectral factorization equations, which ra@sonably well understood. These
approximations lead to a finite-dimensional controller athis designed to stabilize a finite-
dimensional approximation of the PDE model. If, howeveg, tontroller is to stabilize the
original system and not just a simulation of the PDE modeieitds to be robust. Various
theories for robust controllers have been proposed, buyropaen questions remain. More
recently, another practical issue, sampled data-cona®ldeen addressed. New technology
has introduced new control paradigms. In particular, theatof smart materials for sensors
and actuators and micro electro-mechanical actuatorsearsbes has introduced challenging
new modelling and control problems for distributed paransystems.

Due to the mathematical sophistication of even simply fdatad control problems for
distributed parameter systems there has been an incraasitency to specialize on one par-
ticular aspect of control. Unfortunately this increasipgaalization leads to ignorance of
existing expertise in other specializations which couldiéwe appropriate for the problem at
hand. The aim of this workshop is perhaps unusual: it is togotwgether scientists who are
all studying distributed parameter systems, but from diffié points of view and possessing
different types of expertise. In this way, we hope to makersgts aware of new devel-
opments in this fast expanding field of research and to preroaiss-fertilization of ideas
across artificial boundaries. We hope this will open up naeations for future research.

To the best of our knowledge, the last IFAC meeting dedictdedistributed parameter
systems was the Fifth IFAC Symposiur@dntrol of Distributed Parameter Systersvhich
was organized by A.El Jai and M. Amouroux, and which took @lacPerpignan, France,
June 26-29, 1989.
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Since then, the DPS community remained of course very ackee example, the 10th In-
ternational Conference on Analysis and Optimization oft@ys was dedicated to th&tate
and Frequency Domain Approaches for Infinite-Dimensionat&ns’; it was organized by
R.F. Curtain, together with A. Bensoussan and J.L. Lion§dphia-Antipolis, France, June
9-12, 1992. In July 1993, H. Logemann organizedvéotkshop on Infinite—Dimensional
Control System§ at the University of Bremen, Germany. During the follogigears, sev-
eral workshops were organized within the framework of thentdno Capital and Mobility
European network "Distributed parameter systems: armhginthesis and applications”
Saariselka - Lapland, Finland, 1994 (Organizer: S. Poimetg; Perpignan, France, 1995
(Organizer: A. El Jai); Bath, UK, 1996 (Organizer: H. Logeama That network was co-
ordinated by S. Townley (University of Exeter, UK) and wativacfrom December 1993 to
September 1997.

The workshop CDPS 2007 is the fifth meeting of a series stantd®98 (Modelling and
control of infinite-dimensional systemseds, UK, September 2-11, 1998 — Organizers: J.R.
Partington and S. Townley). The three other meetings weyanized in 2001\{orkshop on
Pluralism in Distributed Parameter Systentgniversity of Twente, Enschede, The Nether-
lands, July 2-6, 2001 — Organizers: R.F. Curtain and H. 2wa@03 (nternational Work-
shop on Infinite-Dimensional Dynamical Systelsiversity of Exeter, UK, July 14-18, 2003
— Organizers: R. Rebarber and S. Townley), and 20@®&rhational Workshop on Control of
Infinite-Dimensional Systeminiversity of Waterloo, Canada, July 25-29, 2005 — Organiz
ers: J. Burns and K. Morris), respectively.

The organizers of CDPS 2007 sincerely hope that there widl lmng continuing series

of similar meetings dedicated to distributed parametetesys, focused on the same aims,
and organized with the renewed support of IFAC.
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Volterra boundary control laws for 1-D parabolic
nonlinear PDE’s
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Abstract

Boundary control of nonlinear parabolic PDEs is an openleralwith applications
that include fluids, thermal, chemically-reacting, andspla systems. We present a
stabilizing control design for a broad class of nonlineatapalic PDEs in 1-D. Our
approach s an infinite dimensional extension of the feekiliaearization/backstepping
approaches for finite dimensional systems employing dpdtiterra series nonlinear

OperatorS. Keywords

Boundary Control, Parabolic Differential Equations, Noahr Control

1.1 Introduction

Boundary control of linear parabolic PDEs is a well estdifdis subject with extensive lit-
erature. On the other hand, boundary controhoifilinear parabolic PDEs is still an open
problem as far as general classes of systems are concerned.

Our method is a direct infinite dimensional extension of thadidimensional feedback
linearization/backstepping approaches and employsaspdtiterra series nonlinear opera-
tors. We only sketch our method here; a two-part paper [3]degn submitted presenting
the method and its properties in full detail, with exampl€his result solves open problem
5.1 in theUnsolved Problemsgolume [1].

1.2 \olterra Series

\olterra series represent general solutions for nonlieg@ations and are widely studied in
the literature [2]. A (spatial) Volterra series is defined as

o0 x é’l 5"_1 n
F[U]:;/o/o /0 Fal@, 60, En) jl'[lu@,&j) dey ... dé,,  (L.1)

wheref, is known as thei-th (triangular) kernel of'.

2
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1.3 Outline of the Method

We consider the stabilization problem for the plant

U = Ugy + AN@)u+ Flu] + uHul, (1.2)
ug(0,t) = qu(0,t), wu(l,t)=U(t), (1.3)

whereF'[u] and H [u] are Volterra series anld(¢) the actuation variable. In [3] we show how
nonlinear plants found in applications can be written inftren (1.2)—(1.3).
We solve the problem by mappinginto atarget systemw which verifies

Wy = Wgp — CW, (1.4)
w,(0,t) = qw(0,t), w(l,t) =0, (1.5)

whereg = max{0, ¢}. For mappingu into w we use a \olterra transformation

w=u— Klu]. (1.6)

Remark 1.3.1. In [3] we derive the equations that the kerngjsof K in (1.6) verify. It

is a set oflinear hyperbolic PDEs. For each,, we get a PDE evolving on a domain of
dimensionn + 1 and with a domain shape in the form of a “hyper-pyramid,< ¢, <
1. < & <z < 1. The equations can be solved recursively, i.e., firstkfofwhich
verifies an autonomous equation), then fgr(which is coupled withk,) using the solution
for k1, and so on. We also show in [3] that the Volterra series defiyetthe £,,’s in (1.6) is
always convergent and invertible (at least locally).

Once we have thg,,’s, the stabilizing control law is determined by (1.6yat 1
X rl ra En—1 n
U(t) = Z/O /O /0 kn(L,&n, &) | [Tu® &) ) dér . dé. (.7)
n=1 j=1

Remark 1.3.2. In [3], using the invertibility properties ok” and the exponential stability of
(1.4)—(1.5), we show that the origin of the closed-loop eys{(1.2)—(1.3) with control law
(1.7) is exponentially stable in the? and H! norms (at least locally). We also illustrate this
result with numerical simulations of several examples tdriest.

Bibliography

[1] A.Balogh and M. Krstic. “Infinite dimensional backsteépg for nonlinear parabolic PDEs,” in:
Unsolved Problems in Mathematical Systems and Control ijh{&bBlondel and A. Megretski,
Eds.). Princeton University Press, Princeton, NJ, 2004.

[2] S. Boyd, L. O. Chua and C. A. Desoer. “Analytical foundais of Volterra seriesJ. of Math.
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In this presentation we consider robust stabilization ofstridbuted parameter system
with an observer [2]. Our aim is to derive conditions undefclilihe compensator stabilizes
the system when the system operator used in the compengétos tfom the original one.

Let X, U andY be Hilbert spaces. Consider the syst&ffy, B, C) where the opera-
torsA: X D D(A) — X, B € L(U,X)andC € L(X,Y) are such thatd generates
a Cy-semigroup onX, the pair(A, B) is exponentially stablizable and the péit, C) is
exponentially detectable. It is well-known that if we cheasperators?” € £(X,U) and
K € L(Y,X) such that operatorgl + BF and A + KC generate exponentially stable
Cp-semigroups, then the closed-loop system operdtogenerates an exponentially stable
Cy-semigroup onX x X. N

The replacement of the system operatawith an operatord in the observer can be seen
as a perturbation of the closed-loop system operatoBecause of this, we can use theory on
the preservation of exponential stablity @f-semigroups to derive conditions under which
the new system operatc?rc generates an exponentially stabilg-semigroup.

Becaused is an unbounded operator also the perturbation is in genelmunded. We
assume that the operatdris near the original system operator in the senseAhatA is an
A-bounded operator. N

We will first derive conditions under which the perturbedteys operatord. generates
a Cp-semigroup onX x X. An application of the perturbation theorem by Miyadera [3]

4
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results in conditions involving th€,-semigroups generated by the operatdrs- BF and
A+ KC. On the other hand, we can also obtain conditions involvirgyrésolvent operators
R(\, A+ BF)andR(\, A+ KC) by applying the results presented by Kaiser and Weis [1].

Subsequently, we can impose additional conditions undéhwthe Cy-semigroup gen-
erated byﬁc is exponentially stable. Becausé x X is a Hilbert space, th€'y-semigroup
generated bﬁc is exponentially stable if and only if

sup | R(A, Aol < oo.
AeCH

We can use this characterization to obtain conditions iimgl norms of operator$ﬁ —
A)R(A\,A+ BF)and(A — A)R(\, A+ KC). We will also use the theory presented in [4]
to derive conditions involving théy-semigroups generated by the operatdrs- BF and
A+ KC.

Bibliography

[1] Charles J.K. Batty. On a perturbation theorem of Kaiset Weis. Semigroup Forum
70:471-474, 2005.
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tion Equations Springer-Verlag, New York, 2000.
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Abstract

We design and analyze dh,,—observer which works at the boundary of an infinite
dimensional system with scalar disturbances. The systenmiedel of a UV disinfec-
tion process, which is used in water treatment and food imgus

Keywords

Robust filter design, observers, boundary control theldry—optimization

3.1 Introduction

In many (control) applications where (bio)chemical reatsi and transport phenomena oc-
cur, measurement and control actions take place at the baesdWhile a theoretical frame-
work already exist ([1] and references therein), theretig lattention to apply this theory in
practice, as far as we know.

In [2], the analysis and design of a Luenberger observer foWalisinfection example
is explored. In this paper, we analyze a robust Luenbeyger-observer for the same system
with boundary inputs and boundary outputs, see [2] for gfajsiackground,

2
%(nat) - ag—ng(nﬂt) - U%(U7t) - bx(nat)v 35(7770) =0 (31)
z(0,t) = wi(?), g—f](lvt) =0, y(t) =x(m, 1)+ wa(?), 3.2)

on the interval) € (0,1). Furthermoregq, v, andb are positive constants and correspond-
ing to the diffusion constant, constant flow velocity and rmiorganism light susceptibility
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constant, respectively. The signal§), w(t), we(t) andy(t) represent a scalar input, dis-
turbance (or error) at the inlet boundary € 0), disturbances or errors on the output and a
scalar output, respectively.

We design a dynamic Luenberger-type observer,

b 2z Z
%(777 t) = ag—nz(n7 t) - Ug_n(n7 t) - 555(777 t)v 55(777 O) =0 (33)
30,0 =0 GO = KO« (60 =36, v(6) =m0, (3.4)

with K to be designed, and denotes the convolution product. As a consequence, the dy-
namics for the errot(n,t) = z(n,t) — &(n, t) is written as

2
G = a5 () = v (1) . 0), <(0,0) =0 35)
0.0 = wn(t), G0 = K(0) s (.6 + walt). 36)

Please notice that the correction to possible disturbamdages place at the boundary.

3.2 H,—filter problem

The aim is now to design A such that the disturbances andw, have hardly any influence
one(1,t). This would enable us to predict the valuercdtn = 1 accurately. Since the future
of the output cannot be used, we see tRatust be causal. We can write this problem as a
standardH —filtering problem, i.e. ,

1
el

K causal 4 HwHQ

with w(t) = (wi(t) wa(t))

In [2], we already explored the exponential stability foe thrror dynamics (3.5)—(3.6)
with constant gain. In the talk we shall further outline thheqedure of how is designed
for the UV-disinfection example.

Bibliography
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This talk will present an overview of our recent work on prtie control of various
classes of distributed parameter systems. Specificallyilvénitially focus on predictive
control of linear parabolic PDEs with state and control ¢a@ists [5], and design reduced
order predictive controller formulations, which upon lgefeasible, guarantee both stabiliza-
tion and state constraint satisfaction for the infinite disienal system. First, the PDE is
written as an infinite dimensional system in an appropridgtbdrt space and modal decom-
position techniques are used to derive a finite-dimensigystem that captures the dominant
dynamics of the infinite dimensional system, and expresifiréte dimensional state con-
straints in terms of the finite-dimensional system statestamts. A number of MPC for-
mulations, designed on the basis of different finite-dinmmd approximations, will be pre-
sented and compared. The closed-loop stability propestitte infinite dimensional system
under the low order MPC controller designs are analyzed,safffiCient conditions, which
guarantee stabilization and state constraint satisfafiathe infinite dimensional system un-
der the reduced order MPC formulations, are derived. Ottrendilations are also presented
which differed in the way the evolution of the fast eigenn®dee accounted for in the per-
formance objective and state constraints. The impact skthdferences on the ability of the
predictive controller to enforce closed-loop stabilitydastate constraints satisfaction in the
infinite-dimensional system are also analyzed. The MPC ditations are applied, through
simulations, to the problem of stabilizing an unstable dyestate of a linearized model of a
diffusion-reaction process subject to state and controsiraints. Moreover, we extend our
approach [4] to deal with nonlinear parabolic PDEs withestatd control constraints arising
in the context of diffusion-reaction processes and dewslappmputationally-efficient non-
linear predictive control algorithms. Finally, recentuks on predictive control of linear
parabolic PDEs with boundary control actuation [3], prédé control of linear stochastic
parabolic PDEs [8] and predictive control of particulateqasses based on population bal-
ance models [9] will be discussed.
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Relation between the growth ofexp(At) and
(A+DA-D)™H)"
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Abstract

Assume thatd generates a boundeth-semigroup on the Hilbert spacg, and
define the Cayley transform efasA, := (A+1)(A—1I)~!. We show that there exists
a constanf/ > 0 such thaf|(A4)"|| < MIn(n+1),n € N.

Keywords

Cayley transform, reciprocal systems, stability.

5.1 Introduction

Consider the abstract differential equation
Z(t) = Az(t), 2(0) = 2o (5.1)

on the Hilbert spaceZ. A standard way of solving this differential equation is Benk-
Nicolson method. In this method the differential equatibri] is replaced by the difference
eqguation

za(n4+1) = (I + AA/2)(T — AA/2) P 24(n), 24(0) = zp, (5.2)

whereA is the time step. We denoté + AA/2)(I — AA/2)~1 by Ay.
If Z is finite-dimensional, and thu4 is a matrix, then it is easy to show that the solutions
of (5.1) are bounded if and only if the solutions of (5.2) aoeitded:

sug et =: M, < oo

t>

11
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if and only if

sup || (Ag)"|| =: My < oc.
neN

However, the best estimates fbf; depend onV/. and the dimension of, see [2].
If Z is infinite-dimensional, then under the assumption thahdA~! generate a bounded
Co-semigroupe”?, ande?™'t, respectively, the following estimate has been obtained,

Mg = sup ||(Ag)"|| < 2e- (M? + M7?_,), (5.3)
neN

where M, = sup|le??| and M,,_; = sup|le '], see [1], [3], and [5]. Note that this
>0 £>0

estimate is independent of time stAp

However, at the moment it is unclear whether the boundedofeb® semigroup gener-
ated byA implies the existence and the boundedness of the semigengraged byl ~!. So
we take another approach to study the behavidrdgf)™.

5.2 The growth of (4,)"

In [3] the following result is shown.

Theorem 5.2.1.Let A generate a bounded(-semigroup on the Hilbert spacg, then there
exists a constant/ > 0 such thatl|(A;)"|| < M In(n + 1) forn € N.

The proof of [3] uses estimates on resolvents and contoegiials. We present a proof
which is based on techniques from system theory. More mlycise use Lyapunov equa-
tions to obtain the estimate. If the semigroup generated lsyexponentially stable, then for
smalln’s the estimate in Theorem 5.2.1 can be improved. We rematlbthposing an extra,
nontrivial condition on the resolvent of, one can prove boundedness df;)”, see [4].

Bibliography

[1] T.Ya. Azizov, A.l. Barsukov, and A. Dijksma, Decompasits of a Krein space in reg-
ular subspaces invariant under a uniformly boundgesemigroup of bi-contractions,
Journal of Functional Analysj2211, (2004), 324—-354.

[2] J.L.M. van Dorsselaer, J.F.B.M. Kraaijevanger, and \M3dijker,Linear stability anal-
ysis in the numerical solution of initial value problemscta Numerica, (1993), 199-
237.

[3] A.M. Gomilko, The Cayley transform of the generator of mifarmly boundedCj-
semigroup of operator§/krainian Mathematical Journab6, no. 8 (2004), 1018-1029
(in Russian). English translation Wkrainian Math. J, 56, no. 8, 1212-1226, (2004).

[4] A.M. Gomilko and H. Zwart, The Cayley transform of the geator of a bounded-
semigroup. (to appear).

[5] B.Z. Guo and H. Zwart, On the relation between stabilifycontinuous- and discrete-
time evolution equations via the Cayley transformtegral Equations and Operator
Theory 54, 349-383, (2006).

12



The observer infinite-dimensional Sylvester equation
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Abstract

The paper studies the infinite-dimensional algebraic Sgbreequation as it appears
in the designing of an asymptotic observer for a linear itditiimensional system. The
approach involves the concept of an implemented semigsme}1] and [2].

Keywords

Sylvester equation, implemented semigroup, observegdesi

6.1 Introduction and problem description
In order to study the infinite-dimensional version of theeariser Sylvester equation we in-
troduce the following notation and assumptions

1. The family(S(—t))ter C H¥ is a strongly continuous group with generaterFs, 2(—E)),
whereH? .= Z(HF).

2. U andY are Hilbert spaces called the output space and the inpuéspac .2 (U, H”)
is the (bounded) input operataf. € .Z(H{,Y) is the (unbounded) output operator.

Under the above assumptions we consider the infinite-diioealscontrol system

#(t) = —FEz(t)+ Bu(t), z(0)=xo, (6.1a)
y(t) = Cux(t), (6.1b)

where(z(t)):>0 is the state trajectoryu(t)):>o C U is the control andy(t)):>0 C Y is the
output. For the system (6.1) we want to desigraaypmptotic state observein order to do
that we consider the following infinite-dimensional dynaatisystem

2(t) = A_12(t) + Gy(t) + Hu(t), =2(0) =2, (6.2)

13



CDPS The observer infinite-dimensional Sylvester equation

where(z(t)):>o is the state trajectory, under the following assumptions:

3. The family (T'(t))i>0 C HA is exponentially stable strongly continuous semigroughwit
generatol( A, Z(A)), whereH4 := Z(HA).
4.G € Z(Y,H4)) is the output operatoi] € . (U, H*) is the input operator.

Under these assumptions we study the following operatoatému
A_1Mh+ MEh=—-GCh, heHE, (6.3)
whereM € 'H := L(H?, H*) and the equality is understood i, andH = M B.

6.2 Main results

Since (6.3) has the form of the algebraic Sylvester equatiencan now use the results
coming from the implemented semigroup theory [1] to seeith@C € H_; andw(T) +
wo(S) < 0, then (6.3) has a unique solutidd € H. Here the spac®/_; plays a crucial role
and is defined as the extrapolation space for the implemeet@iroup(i/(t)):>0 C L(H),
whereld (t) X := T(t) X S(t) for X € H, andwo(T") andwy(S) denote growth bounds of the
corresponding semigroups. Since the en@) = z(t) — M xz(t) satisfies

le(I* = IT®)e(O)]* < Cre**Jle(0)|*, ¢ >0, (6.4)

wherew is an arbitrary constant satisfying the conditibe wy > wo(T'), thenlim;_, ||z(t)—
Mz (t)||* = 0. If additionally, the operatord, G andH are such thad/ € H has a bounded
inverseM ~! ¢ Z(HA, H?), then we have

Jim [|M () — ()P = 0. (65)

This condition means that the system (6.2) is actuallagymptotic state observéor the
control system (6.1). The rate of convergence (6.5) cantimaed by

IM22() = (0)1F < 1M g aa smyllao — Mgl ACrett, ¢ >0,

and it follows that this convergence may be arbitrary larga Buitable choice of the growth
boundwy(7T') in the observer (6.2).

6.3 Final comments

The observer design problem based on the Sylvester equéti®ncan be generalized to a
problem where operator®, B andC are given and we are looking fot, G and M such
that the equations (6.3) arddl = M B hold.
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Spectral properties of pseudo-resolvents under
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Abstract

In this talk spectral properties of perturbed closed, digrndefined operators on a
Banach space are studied.

Keywords

Resolvent linear systems, perturbed closed operatorstrapproperties.

7.1 Introduction

The theory of perturbations of unbounded operators is wadluchented in Kato [3], Pazy
[5] and in Engel and Nagel [1]. The results depend cruciallyttee choice of the class
of perturbations. Salamon obtained nice results for atrecdt perturbations of semigroup
generators on a Hilbert space in [6] using a feedback appraaaised in systems theory.
The main aim was to obtain the most general conditions orrighle bf unbounded operators
A, B, C so that the closed-loop operatdr+ BK C or some generalization would generate
a Cy-semigroup. This was done in [6] and also by Weiss [7] for tleess ofwell-posed
linear systemsAn extension to unbounded perturbations on Banach spacelsecfound in
Hadd [2]. Our focus in this paper is on spectral propertiethefclosed-loop operator. As an
example we quote a very special case of the result from [6,rhadh.4].

Theorem 7.1.1.Let X, Y, U be Hilbert spaces. Suppose thais the infinitesimal generator
of a Cy-semigroup onX, B € L(U,X),K € L(Y,U) andC € L(X,Y). Then for\ €
p(A), we have

A€ p(A+ BKC) <= I - KC(\ — A)~1B is boundedly invertible
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In the above, the system has the generating operatoBs C' and the transfer function
G(s) = C(sI — A)~1B. Under the feedback operatéf we obtain theclosed-loop system
A+ BKC, B, C with transfer functionG¥(s) = G(s)(I — KG(s))™! = C(sI — A —
BKC)~!'B. This framework was generalized to the classwvefl-posed linear systenis
[6] and [8]. The main drawback of the above approach is theisginility assumptions that
need to be imposed oB, C which are often difficult to check. In additior is assumed
to be a Hilbert space. Our main aim in this paper is to obtaalagous perturbation results
for closed, densely defined operatotson a Banach spac&. Our first step is to obtain
structured perturbation results for pseudo-resolveets[4].

Definition 7.1.2. Let X be a Banach space adC C be a domain. The operator-valued
functiona : A — £(X) is called gpseudo-resolverif it satisfies

a(f) —ale) = (a—pa(Ba(a),  Va,5 €A

If there exists a closed, densely defined operdteuch thati(3) = (8 —A)~!, then the
pseudo-resolvent is a resolvent. However, even in this tteselosed-loop pseudo-resolvent
might not be a resolvent. We give conditions under whichithtbe case and we generalize
Theorem 7.1.1 to closed, densely defined operators on a Bapace.
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Abstract

In Ho, Russell [3], and Weiss [5], a Carleson measure coitefor admissibility
of one-dimensional input elements with respect to for died®emigroups is given.
In this note we extend their results from the Hilbert spateasion X = /¢, and L?-
admissibility to the more general situation bf—admissibility on¢,—spaces. In case
of analytic diagonal semigroups we present a new proof ghgwilink to reciprocal
systems in the sense of Curtain [1].

Keywords

Diagonal systems, admissibility, reciprocal systems|g3an measures

8.1 Introduction

Consider the infinite dimensional linear system describethb differential equation
2'(t) + Az(t) = Bu(t) z(0) = xo (8.1)

on a Banach spac& = /,, ¢ € (1,00). We assume that the injective operate# is
the generator of a bounded diagonal semigréiip acting by (S(t)z), = exp(—An)zy,
n € N wherez, denotes thex-the component o € X. Let B € B(U, X_1) where
X1 :={(&): (&/(1+X,)) € X}. Asolution of (8.1) is necessarily of the form

t
z(t) = S(t)xo + / S_1(t—s)Bu(s) ds
0
Notice thatz(t) is a well-defined element oX_; for ¢ > 0 but generally there is no reason

why z(t) should be an element of. A bounded operatoB € X_; is calledfinite-time
LP—admissibldor A, (p € [1, <)) if for every T > 0 there exists a constaff > 0 such that

H/Ot S_1(t — s)Bu(s) dSHX < KHUHLIJ(OJ—) t€[0,7]

17



CDPS On the Carleson measure criterion in linear systems theory

If the constant’’ may be chosen independently of> 0, b is called LP—admissiblefor A.
For the special case=2 there is a large literature on the notion admissibility, \eéer to
the survey [2] for extended references. In this note we farusne-dimensional control
operatorsB represented by an elemént X_;. A well-known result of Ho and Russell [3]
and Weiss [5] characterises admissibility in case=2 by the Carleson measure property of
the associated discrete measure- ) . |b,|96,,. We present the following extension: Let
H? denote the Hardy space of exponermn the right half plane. Let > 0. A non-negative
measureu on C is called am—Carleson measure if the identity, actibly*? — L9(u), is
bounded for one (and thus alf)e (1,00). In casep=g¢=2 the following result is Ho and
Russell [3].

Theorem 8.1.1.Letp € (1,2], ¢ € (1,00) andag = p’ wherep' is the dual exponent of
p. Thenb = (b,,) is an infinite-timeL’—admissible input element fot on X = ¢, provided
that the discrete measuge= ), |b,|96,, is ana—Carleson measure.

In casea < 1 the condition is in fact necessary and sufficient. &o& 1 this is Weiss [5],
in casea < 1 necessity has been considered independently in [4].ofor 1 necessity is
still work in progress. A second theorem covers the wholgeaof values fop andg, but
requires analyticity of the semigroup.

Theorem 8.1.2.Letp,q € (1,00) andag = p. Letd € (0,7/2) and let— A be an injective
diagonal operator generating an analytic semigroup. Thea (b,) € X_; is an (infinite-
time) LP—admissible input element fot on X = /, provided that the discrete measuyte
given byu = 3, [x*|10,-1 is ana—Carleson measure.

Again, in casex < 1 the criterion is necessary and sufficient, whereas in@asel necessity
is work in progress. Theorem 8.1.2 may be seen as a resulidaetiprocal system

2(t) + A7 2(t) = A~ Bu(t)
in the sense of Curtain [1]. This observation allows to giveigect’ (i.e. involving A,
instead of\, 1) criterion for LP—admissibility that extends the range of possible values fo
p,qin Theorem 8.1.1.
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Abstract

Diffusive representations are extendechtm-causapseudo-differential operators
such ag—A)7, for —1 < v < 1. The idea can be seen as an extension of the Wiener-
Hopf factorization and slitting techniques to irrationarisfer functions. The interest
is twofold: energy inequalities are proved that lead to yekedness, and stable and
efficient numerical schemes are derived, withany hereditary behaviour.

Keywords

Fractional Laplacian, Riesz fractional integro-diffetiation, non-causal diffusive
representation, Wiener-Hopf factorization

9.1 Introduction

Fractional Laplacian has recently attracted attention adefiing, see e.g. [2, 3], as well as
in control theory, see e.g. [4, 6]. Even if the theory of Ripetentials is not new, and can be
accounted for in [7§. 12. &§. 25.], we find it quite difficult to bridge the gap between thes
abstract pseudo-differential operators and a concretetavegpresent them, in a sense close
to realization theory ; even more difficult is the task of dig stable numerical schemes for
such systems.

The aim of this work is to show that elementary first-ordertexyss, either causal or
anti-causal, with appropriate aggregation, lead to theessmtation ofion-causalpseudo-
differential operators, such asy = (—A)~?/24, called the Riesz fractional integral of
order0) < 6 < 1, andz = (—A)*C“/2 u, called the Riesz fractional derivative of order
0 < a < 1. The underlying ideas are those of diffusive representafisee e.g. [8. 5] and
[5], combined with the Wiener-Hopf techniques, as detaiegl.g. [1,5. 7].
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9.2 Non-causal diffusive representations

Following [1, §. 7.1], the stable kernél(z) = 2e~1*l can be decomposed into*, with
supportR*; hence the convolutiory = h * u can be seen as the sum of two subsystems,
namelyF0,¢™ (x) = =1 o*(z) + u(x), wi(O) =0,andy = o + ¢~

We apply this decompostion tos(x |z|%~1, using the diffusive realization of
some irrational transfer functions with branc%pomts (ge8. 7.2]).
Let ¢ " (A, z) thecausalsolution of:

am¢+()"x) = =2 ¢+()\,£C) +u(z), A>0, ¢+(CC =0) =0,
y (@) = [T (A ) pa(N) dA, 9.1)
@) = AT () +uln)] ps(N)dA

Let ¢~ (A, x) theanti-causalsolution of:

- x@b_()‘ax) = _)‘QS_( ) (x)’ A>0, gb—(x = 0) =0,
R 02)
@) = JPAG () + )] ps(N)dA.

Then, thestandardoutputy := (2cos 287)~ ! [yt + 5y | isy = (—A)~%/2u; whereas the
extendedutputz := (2cos 2am) ! [z+ + 27 ] is z = (—A)+*/2y, for the particular choices
a=1-Fandug(\) = S20T\F,
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Motion planning of a reaction-diffusion system arising
in combustion and electrophysiology
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Abstract

We consider the approximate controllability of a reactaifiision system by con-
trols acting on the boundary. Using a parameterization@gtilution involving infinite
many integrals of the system, we exhibit a “flat” output foe gystem. This allows us
to prove that the linearized system is approximatively watetble. We also study the
motion planning problem and compute the control.

10.1 Introduction

The general class of equations under consideration is fiagratiffusion system of the fol-
lowing type,

By = Buo + [0, ), Uy = fo(®,9), (1) € (0,1) x (0,T),
0,(0,1) =0, , by(L, t)+(I> 1) =G(t), te(0,T), (10.1)
®(z,0) = By, \I’(x,O) = U, z € (0,L).

where,® = (¢1, ..., ¢, ) is the vector of diffusing species ald= (11, ..., ¢, ) is the vector
of stored species. The functionfs and f» are given inL>(R"™™)" and L (R"+™)™
respectively and- is the control vector i.?(0,7)" . This type of system appears in varied
domains such as chemistry, electrophysiology (see [2],agnetics, combustion... Let us
consider the example of the NOx-trap catalyst. A NOx tramlgat can be used to reduce
harmful NOx emissions from vehicles that use a combustiotiure with a high amount of
oxygen (lean-burn). This is done by storing NOx on the cataturface during the time the
engine runs lean and subsequently switching the enginel@geration to reduce the stored
NOx. A controller can be used to determine how and at what mmomeeconduct this switch
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in order to obtain the best compromise between emissionsleral fuel efficiency. After
linearization and rescaling, we get the following modek(EH)

Dy =gy — P+ Y, Uy =0, (z,t) € (0,1) x (0, +00),
B,(0,8) =0, ®,(1,¢) + ®(1,8) = U(t), € (0,4+00) (10.2)
®(z,0) =0, ¥(z,0) =0, t € (0,+00).

where® are the gaseous species ahnds the proportion of occupied sites. The conti&t)
is the concentration of the speci@sat the entrance of the catalytic converter.

10.2 Motion planning of the PDE (10.2)

Let us focus on (10.2), and restrict ourself to the chge t) € R, and¥(z,t) € R. We may
prove that, by lettingS(t) = ¢!®(0,t), the solutions of (10.2) can be parameterizedShy
i.e. we formally computeb(z,t) = e ty(z,t), U(x,t) = e tz(x,t), andU(t) = e tu(t)
where

y(x,w:fj f}(—l)k055<”*2k><t> Ly (10.3)
n=0 Lk=0 (2n)!

z(x,t>=fj Enj(—l)’fcw"*”“*”(t) sty (10.4)
n=0 Lk=0 (271)'
0.] n - 1 o n - 1

u(t):n:0 LZ:O(—1)’fc§s< %)(t)lm+nzl kzzo(—n’fcgs( 25) (1) ek

(10.5)

Roughly speaking, this result means that the system (16.2)ai-like” since the solu-
tions are parameterized involving infinite many integrdlthe system. It is not “flat” in the
sense of [3] since we need to integratinstead of differentiate.

Theorem 10.2.1.WhenS(t) is Gevrey of ordery < 2, the formal solution§10.3)}(10.4)are
Gevrey of orderv in t and1 in z and the formal contro{10.5)is Gevrey of order.

We recall that, a smooth functidn: ¢ € [0,7] — y(t) is Gevrey of order if there exist
M, and R such that for alin € N, sup,¢(o 71 [ (t)| < M % We prove the following
result of motion planning:

Theorem 10.2.2.For all T > 0, for all 1, U7 in L%(0, 1), we may compute explicitly the
control U (t) which approximately steers systéh.2)from the initial state(0, 0) to the final
state(®r, ¥r) intimeT.
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Abstract

The Linear-Quadratic optimal control problem is studieddgartial differential equa-
tion (PDE) model of a fixed-bed reactor, by using a nonlinedinite dimensional

Hilbert state space description. First the LQ-optimalesfaedback operator is com-
puted for the linearized model around a chosen profile albegréactor. A Riccati

equation is used for computing the state feedback controlféen the controller is

applied to the nonlinear model, and the resulting closea-&ystem dynamical perfor-
mance is analyzed.

Keywords

Fixed-bed reactors; Infinite-dimensional systems; LQroal control; Asymptotic sta-
bility; nonlinear contraction semigroup.

11.1 Model Description

Fixed-bed reactors cover a large class of industrial psses chemical and biochemical en-
gineering. In most industrial applications of fixed-bedatess, the reactant wave propagates
through the bed with a significantly larger speed than thé\wage because the exchange of
heat between the fluid and packing slows the thermal wave down

The dynamics of fixed-bed reactors are described by nomliR€&’s derived from mass
and energy balances. Here, we consider a fixed-bed readtothei following elementary
chemical reaction (see [3, Section 3.7}):— B. The reaction is endothermic and a jacket
is used to heat the reactor. A dynamic model of the procesthkderm:

oT oT E %

ppcpb5 = —pfcpfvlg + (—AH)koCpexp(——=) + v

=7 (T; —T) (11.1)
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_0Cy 0Cy E
G—at = = az —kQCAGXp(—ﬁ) (112)

subject to the initial and boundary conditions:

T(O’t) = T, T(Z,O) = TO(Z)

Ca(0,t) = Cuain, Ca(z,0) = Caolz) (11.3)

11.2 Control Design

In [3], a robust controller is designed for this model of a fixeed reactor. The controller
is synthesized on the basis of a reduced-order slow modele $n this type of reactor the
reactant wave propagates through the bed with a significEmtjer speed than the heat wave.
Here we are interested in the design of an LQ-controller deoto regulate the temperature
in the reactor by using@’; as a manipulated input with the understanding that in practs
manipulation is achieved indirectly through manipulatadrihe jacket inlet flow rate (see [3,
Subsection 2.7.4] for more details). Observe that the fb@direactor model can be written
as follows:

=V () (11.4)

The objective of this work is basically two-fold : (a) to emtbthe Linear-Quadratic problem,
studied in [1] for the system (11.4) when the matlixis diagonal with identical entries,
to more general class that includes the fixed-bed reactoeh{bddiagonal with different
entries), (b) to implement this extension to study the Lir@aadratic problem for the fixed-
bed reactor (see [2]).
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Scheduling of sensor network for detection of
moving intruder

Michael A. Demetriou
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Abstract

We consider the problem of detecting a moving source in 2Rusidn-advection
process, often describing environmental processes, byingi a network of sensing
devices within the 2D spatial domain. The devices are asdumeave actuating capa-
bilities aimed at containing the moving source by minimigits effects on the process
concentration. In order to increase the source-detechiligi@s of the sensor network,
these devices measure spatial gradients as opposed toronksp concentration. Ad-
ditionally, the monitoring scheme estimates the proceste stnd at the same time in-
troduces a power management scheme, whereby a subset vaitable sensors within
the network are kept active over a time interval while the agrimg devices are kept
dormant. The resulting hybrid infinite dimensional systemitches both the actuator,
deemed more suitable to contain the source over the duratiargiven time interval,
and its associated control signal. Extensive simulatiadiss utilizing at most6% of
the total sensors anth% of the total actuators used in minimizing the effects of the
moving source are presented.

Keywords

Distributed Parameter Systems, Sensor Network, Sourcalization.

12.1 Introduction

This work is concerned with the abstract formulation and edoal implementation of a
methodology that allows for either the development of aagrated mobile sensor naviga-
tion or the fixed-in-space sensor scheduling policy. Adddily, it synthesizes supervisory
estimators of diffusion-advection processes havingnown moving sourcdtruders). It
is assumed that the processes under consideration havea setwork strategically dis-
tributed in a spatial domain and it is desiredatiivate only a subsetf such a sensor network
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during a given time interval while the remaining sensoryg gtarmant. At the same time, as
the need arises, to also provide an optimal sensor navigatiticy to minimize detection
time, and to possibly contain a moving source (intruder).

The process under consideration is taken to be a simplifiesioreof a transport model
[4] described by the 2D diffusion-advection partial diffatial equation

Oc 0 Oc 0 Oc Oc Oc
g = a (/-QXX@> —|—% (mww%> —UX& —u¢%+,uc+b1(t,X,T/))+52(Xaw)u(t)

wherec(t, x, 1) denotes the concentration as a function of tiraad spatial variableg, ¢) €

Q. For simplicity, a rectangular domain is assumed With= [0, L, ] x [0, L] C R2. For
simplicity one assumes that the velocity vector= (u,,u,) and the (eddy) diffusivities
ryx (t, X, ¥), Ky (t, X, 1)) are constant. The spatial function(y, ) describes the spatial
distribution of the actuating devices an(t) the control signal delivered by these devices to
the process. The moving source term with intengit) [1], is located a¥, = (xs, ¥s) and

is given byby (t, X, %) = d(x — xs(1))0y (1 — (1)) £(t), whered,(t) = (xs(t), vs(t))
denotes the point source trajectory witfin Following the earlier work in [3], one may
assume that partial measurements are available in the fbpoimtwise information of the
concentration:(t, x, 1) at thei** spatial location(x;, ;)

Ly Ly
Yi(t) = clt, xi, i) = /0 /o Oy (X = Xi) Oy (¥ — i)e(t, x, ) dx dip
The above system may be viewed as an evolution equation itbarHspace [2]

X(t) = AX(t) + Bi(t) f(t) + Bou(t),
yi(t) :CiX(t), 1= 1,2,...,77”1,,

where X (-) is the state of the infinite dimensional system ahd3;(¢), B2, C; are the as-
sociated operators. The operattt) incorporates the motion of the sensors, and thus the
problem of sensor motion is translated to the time variabé(¢).

The main objectives of this work are (i) to estimate the psscstate:(¢, , ¢) for all ¢ in
atime intervalZ, t € Z C R* and all spatial point$y, v)) € €, (i) to estimate the location
0s(t) of the unknown source and (jii) to provide an easily impletable containment policy
of the moving source.
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applications to moving actuators
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Abstract

The objective of this paper is to provide applicable methogies for optimization
problems of a spatially moving (or scanning) actuator witiie theoretical framework
of switched Pritchard-Salamon systems. Two optimizatigorithms are proposed and
applied to two relevant examples of moving actuators: alpdi@and a hyperbolic
switched system. Some open problems have been also idénfifigensive simulation
studies implementing switching control strategies wese plerformed.

Keywords

Switched Systems, Distributed Parameter Systems, Movitigghors, Optimal Con-
trol.

13.1 Introduction

Many engineering applications consider the use of sengbaatuator networks to provide
efficient and effective monitoring and control of processsparticular, the use of mobile
sensors and actuators has been receiving attention asgstnrth an added dimension to
the efficient use of sensing and actuating devices as regardduction in power consump-
tion, improved performance and efficient monitoring. Hoam\there are gaps between the
existing theory and applications. The main objective dof faper is to start filling in one of
these gaps. More precisely it is intended to provide applécenethodologies for optimiza-
tion problems of a spatially moving (or scanning) actuatahiw the theoretical framework
of switched Pritchard-Salamon systems. This is a classstifildited parameter systems that
allows for unbounded input and unbounded output operafbsm optimization algorithms
are proposed: the first algorithm solves an optimal controblem on a finite-time interval,
using the second algorithm one can solve a robust contrblgmma The algorithms are then
applied to two relevant examples of moving actuators: almdi@and a hyperbolic switched
system.
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13.2 Problem Formulation

Let (Sp)pep, for some index seP, be a family of smooth Pritchard-Salamon systems, of the
form (T'(-), By, Cp, D). We consider the finite-time intervédy, ¢s], i.e.,t; < oo. To the
family (S, ),ep, We associate the set

Y ={o|o:ty,tf] — P piecewise constaht

of all possible switches between the given systems.
Thefamily of switched systeniS,),cp, £) taken under consideration are the hybrid dy-
namical systems consisting of the family of continuousetisystems S, ), together with
all switching ruless € ¥, all initial statesz(0) = ¢ € V, and all inputsu € La([to,t¢];U)
(V andU separable Hilbert spaces).

Assumption 13.2.1.Consider the following assumptions

1. The initial conditions for the state at the beginning afreaubinterval are given and
they are considered to be the end values of the solution goréoeding time-interval.

2. There are only a finite number > 2 of admissible locations for the moving actuator.

3. The time required by the actuating device to traverse fadotation to another one is
negligible.

4. The choice of the residence timd¢ is larger than the minimum dwell time.

Problem 13.2.2. Given a family of switched systen{$S,,),cp, ¥) which satisfies Assump-
tions 13.2.1 and an initial conditiory, € V, find an optimal control and an optimal switching
function that minimize an appropriate cost functional cattipossible trajectories of the of

((Sp)pepv 2)-

Theorem 13.2.3.Problem 13.2.2 has at least one solution.

An algorithm for solving Problem 13.2.2 is provided. Thealthm contains six steps
structured in two parts.

The result is extended to the robust case where a disturbiania&en into considera-
tion and an associateH, robust control scheme is adapted to the moving actuator. case
Numerical results on a parabolic and a hyperbolic systemalapepresented.
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The motion planning problem and exponential
stabilization of a heavy chain

P. Grabowski
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Abstract

A model of a heavy chain system with a tip mass is interpresegheabstract semi-
group system on a Hilbert state space. We solve the outpubmplanning problem
using the inverse of the input—output operator. Next, a leralof exponential stabiliza-
tion is formulated and solved using the colocated stalnilize

Keywords

infinite—dimensional systems, motion planning problenpamential stabilization.

14.1 Introduction: A heavy chain system

We consider a heavy chain control system loaded by a lumpsdmma- 0,

66 1) = [o(6 + moce. )], €€ 0.1]
¢1(0,t) = g¢¢(0,t),

(L) = u(t), . (14.1)

y(t) = ¢(0,1),

Here g stands for the acceleration due to gravijty,;= Sﬂp = Tv—f wherep, L, S and M
are, respectively, the density of a chain, its length, arhefcross section and its mass. Let
B(£,0) =0, ¢(&£,0) = 0, u € C[0, 00) with u(0) = 0.
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14.2 The semigroup model

H:=R&H}(0,L) ®L?*0, L) where H,(0,L) := {® € H'(0,L) : ®(L) =0} is aclosed
subspace of the Sobolev spacg® L). We endow H with theenergeticscalar product,

v 174 L
o |, @ >=uvv+ g€+ )¢’ §)dE + [ (€
(Le) e ])mmee] Juon

Treating, for any fixed > 0, the vectorz(t),

v(t) ¢:(0,1) — ()
z(t)(&) = | ®&t) | =] o&t) -1 u) |, £€0,L]
\If(f,t) ¢t(§7t) - l(f)u(t)

as an element of H we can rewrite (14.1) into its abstract form

{ i(t) = Ax(t)+ dii(t), }X' d.{ X(t) = A[X(t)+du(t)], }
z(0) = du(0) =N X(0) = 0 , (14.2)
y(t) = hrz(t) +u(t) y(t) = h*X(t) +u(t)

v g®'(0) v ® € H%(0, L)
Al @ { v ,D(.A){{@]eH:{\DeHlL(O,L)}},
v [o(- + @' ()] v v(0) =wv
-1 1 { 0
d= € H\ D(A), h=-| —In(-+u)+In(L+u) | € D(A) .
-1 g 0

Theorem 14.2.1. A has a countable spectrum consisting entirely of purely imeay single
eigenvalues\,,, ~ ijﬁ ,n € N, and a set of corresponding eigenvectors which is an
orthonormal basis of HA generates a unitary groupS(¢) }+cr on H.

14.3 The output motion planning problem

We wish to find a control. which gives rise to a given, sufficiently smooth, outputdcary.
If 3y € C*[0, 00) with suppy = [3 — a, 00) is a given (planned) output trajectory then

=L [ p(o) i)
ilt) = 277/ dt[y(4)(t—7—ﬁ+oé) y(4)(t—7+ﬂ—a) ]dT ’ (14.3)

with «(0) = %(0) = i(0) = 0, wherep, q € L1(0,T) for anyT > 0,

128 —71) 2(a+t—1)—a?
\/QﬁT—TQ \/(t—7)2—|—2a(t—7')
12 — 7) (1 —a) 200 — 7)V2ar — 72

0o V{t—7)2+28(t-1) \/2&7'—7'2 \/t—T +2Bt—7)d7—’

p(t) =

dr ~2r(a+t— ) ,

wherell(t) denotes Heaviside step function.
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14.4 Exponential stabilization of the chain at a final positn

If a final position of the chain is reached then a problem igdbize this position. To solve
this problem we use a negative, physically realizable,daeld control law of theolocated-

type:

a(t) = —kd#X = —kd¥z, k>0,
d*X = g(L +p)®' (L), D(d")={X € H:® iscontinuous af = L}

Theorem 14.4.1.The closed-loop system operatdy,
AX = A [X - kdd#X} . D(A)={X e D(d"): X —kdd*X € D(A)}

generates on H a g-semigroup of contractions whichExsS .

33






15

A historical journey through
the internal stabilization problem

Alban Quadrat
INRIA Sophia Antipolis,
APICS project,
2004 Route des Lucioles, BP 93,
06902 Sophia Antipolis Cedex,
France.
Alban.Quadrat@sophia.inria.fr

Abstract

The purpose of this talk is to give a historical but persooatpey through the in-
ternal stabilization problem. We study the evolution of thathematical formulation of
this concept and its characterizations from the severtitsetpresent day. In particular,
we explain how the different mathematical formulation®wallone to parametrize all
the stabilizing controllers of an internally stabilizalgiant. Finally, we focus on the
important contributions of F. M. Callier on the internaltsitezation problem of classes
of infinite-dimensional systems.

Keywords

Internal stabilization problem, parametrization of adltstizing controllers, doubly
coprime factorizations, infinite-dimensional linear y8s, fractional representation ap-
proach, fractional ideals, lattices, algebraic analysis.

Recognizing when a real plant can be stabilized by meansed#dbick law is one of the
oldest issues in automatic control. This problem, develdpe clear practical reasons, was
recently abstracted within the mathematical language dieroto be studied on its own and
generalized to larger and larger classes of systems, sioadging from the engineer world
to the mathematical one. With a very few concepts such asaitadtility, observability and
robustness, the concept of stabilizability is one of themmaieresting cross-fertilizations
between very practical engineering problems and mathemaifihe evolution of this new
mathematical concept should attract more attention fraense historians and researchers
as we shall show.
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We want to take the opportunity of the celebration of F. M.li€g$ scientific career
who, with C. A. Desoer, G. Zames, M. Vidyasagar, B. A. Fraacid others, has brought sig-
nificant contributions to the study of this concept partielyl for infinite-dimensional linear
systems ([3, 4, 5, 7, 9, 21, 26]), to give a historical but peas journey through the internal
stabilization problem. We are convinced that there is altddrn from the historical study of
this central concept. Reading directly the papers whesedbicept was created, developed
and used (see, e.g., [8, 10, 13, 16, 22, 27] and the refer¢imersn) is a source of enlight-
enment, bringing a new light on the evolutions developedesend the comings and goings
between different approaches. See [2, 24] for some hisliaaimcounts.

We study the evolution of the mathematical formulation af doncept of internal sta-
bilizability and its characterizations from the seventieshe present day. We explain how
the different mathematical formulations allowed one tcapagtrize all the stabilizing con-
trollers of the corresponding plant. We emphasize on thetifnaal representation approach
developed by M. Vidyasagar, C. A. Desoer, F. M. Callier, BFfancis and others based on
the existence of doubly coprime factorizations of the tranmatrices ([6, 10, 15, 22, 23])
and on a mainly forgotten approach developed by G. Zames aAd [Brancis based on the
particular transfer matrix) = C (I — PC)~! ([13, 27]). See also [1, 2, 11, 12] for the
second one. In particular, we focus on the significant coutions of F. M. Callier on the
internal stabilization problem of infinite-dimensionaidiar systems (see, e.g., [3, 4, 5, 7]).

We explain how the use of modern algebraic techniques idrzadtideals, lattices, mod-
ules) allows us to show that the approach developed by G. Zama:B. A. Francis ([13, 27])
supersedes the classical fractional representation agipr@6, 10, 15, 22, 23]). Within this
lattice approach ([18, 19]), we give general necessary dffitient conditions for internal
stabilizability and for the existence of (weakly) doublypcimne factorizations of irrational
transfer matrices. Moreover, we give a general paramétizaf all stabilizing controllers
of an internally stabilizable plant which reduces to thessieal Youla-Kdera parametriza-
tion ([10, 14, 25]) when the plant admits a doubly coprimedéezation ([18, 20]). The
knowledge of only one stabilizing controller is requiredytet this new parametrization.

Finally, we explain why the lattice approach was histohicaeveloped in algebra by
Kummer, Dedekind and their followers at the end of the nieeteentury for solving con-
ditions similar to the ones obtained from the characteonadf internal stabilizability (and
from Lamé’s famous mistake on Fermat’s last theorem). giie use of this mathematical
theory was very natural and allowed us to develop our rebelfisre realizing that the main
ideas could be traced back to the pioneering work of G. Zamd®BaA. Francis ([13, 27]).
These ideas could not have been completely realized forgledasses of systems as the
authors did not know the fractional ideal and lattice apphes. Therefore, this shows that
old approaches can sometimes be still fruitful when theesmonding mathematical tech-
nigues are mature even if, as it was unfortunately our casdyas to preliminary rediscover
them before investigating the past literature! The morahaf story advocates for the bet-
ter knowledge of the historical development of our field argl&ns the topic of this talk,
hoping closing the loop!
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Consider the sampled-data feedback system shown in the tiglow.

dy

D)

Y
Y

_l’_

Figure: Sampled-data feedback system

We assume that

e (5 is a convolution operator with kerngl, wherey is aCP*"-valued Borel measure
on R, such tha’tf[R+ e®|u|(dt) < oo for somea > 0, where|u| denotes the total
variation ofy;

'Based on work supported in part by the UK Engineering & PhalsStiences Research Council under Grant
GR/S94582/01.
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o the reference signalis of the form

N
t) = Z S
j=1

and the disturbance signals : R, — C" andd, : R, — CP satisfy

Jim (i (¢ Z “ldij) =0, lim (da(t Z eSitdy;) =

where¢; € iR, r; € CP,dy; € C™ anddyj € CPforj =1,...,N,

e H, andS. denote the (zero-order) hold and (ideal) sampling opesatespectively,
wherer > 0 is the sampling period;

e the discrete-time controlle . . is such that its transfer functid{, . is of the form

N
K;
Z) =& 5

whereK; ¢ C"*P,j =1,...,N.

Under the assumption that
spectrumG(§;)K;) C {s€ C:Res >0}, j=1,...,N,
whereG denotes the transfer function 6f, it is shown that

e there exists™* > 0 such that, for every sampling perieds (0, 7*), there exists, > 0
such that, for alk € (0, ¢, ), the sampled-date feedback systemi{s-stable;

e for everyd > 0 there exists; > 0 such that, for every sampling periede (0, 75),
there existg, > 0 such that, for every € (0,¢;),

limsup [Jy(t) — r(®)|| < 9.

t—o0
This result provides a sampled-data counterpart to theraenis-time low-gain regulator
results proved in [1, 2].
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Abstract

In this paper problems of robust regulation for infinite-dimsional systems are dis-
cussed. A simple presentation for robust regulators andrigatien of the Internal
Model Principle will be given for infinite-dimensional sestis with infinite-dimensional
exosystems.

Keywords

Robust regulation, Internal Model Principle, Strong dtahfion, Infinite-dimensional
systems, Distributed parameter systems.

17.1 Introduction

One of the cornerstones of the classical automatic corfteary for finite-dimensional lin-
ear systems is the Internal Model Principle (IMP) due to Eimand Wonham, and Davison.
Roughly stated, this principle asserts that any error faeklbontroller which achieves closed
loop stability also achieves robust (i.e. structurallyofga output regulation (i.e. asymptotic
tracking/rejection of a class of exosystem-generatedassyrif and only if the controller
incorporates a suitably reduplicated model of the dynannicctre of the exogenous refer-
ence/disturbance signals which the controller is requinetdack/reject.

In this paper we discuss the state space generalizatioredhthrnal Model Principle
for infinite-dimensional systems with infinite-dimensibsanal generators, which generate
reference and disturbance signals of the form

(o]
> e, wy €R, (an)nez € L. (17.1)

n=—oo
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The presentation is based on the concept of the steady staawibr of the closed-loop sys-
tem with inputs of the form (17.1). This approach leads usnadiy to an infinite-dimensional
Sylvester equation and a constrained infinite-dimensi@yalester equation, which adds a
constraint for regulation. It is shown that feedback suitetenables robustness, as the regu-
lation equation is contained in the Sylvester's equatioth @nthe system reaches its steady
state this equation is automatically satisfied. Finallyiit@e shown that if the controller con-
tains a sufficiently rich internal model of the exosystenentithe Sylvester equation implies
robust regulation.

Due to the fact that the signal generator is infinite-dimamasi, the closed-loop system
cannot be exponentially stabilized. Instead strong sraibn must be used.
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Abstract

The aim of this brief text is, on behalf of all the people atiielg CDPS 2007 and
of all the members of the "System and Control Community”, asgecially those of
the "Distributed Parameter Systems community”, to thardnkrMaria Callier for all
he did and is still doing for our scientific community, in Beigh and all over the world.
We all know his modesty and humility; nevertheless we areesily convinced that he
deserves such a tribute.

If you ask me to describe Frank in one word, | would say: redesar This is the word
which can describe him best. In addition, Frank is a wise ntlaig; assertion is very well
illustrated by one of his favorite mottoes: ” Beter een vdgele hand dan tien in de lucht " .
He has always focused his research activities on fundatrgations in system and control
theory, without studying too many different problems at $hene time, and always with the
same simple goal: understanding in depth.

When speaking to Frank, you quickly notice that there is adwearhich comes quite
often out of his mouth: Berkeley. He spent several yearseaththiversity of California, in
Berkeley, where he got his Ph.D., in engineering and comgetence in 1972. Charles Des-
oer was his thesis advisor. At that time he was already imgbin the study of Distributed
Parameter Systems (DPS): he extended the well-known Nyspaibility criterion to such
systems.

In 1979, he received an Honorable Mention Paper Award of BieEl Control Systems So-
ciety (Institution of Electrical and Electronics EngingeNew York), jointly with Wan Chan
and Charles A. Desoer, [3].

One of the most outstanding contributions of Frank, if nat thost outstanding and fa-

mous one, is certainly the invention and the developmenttadtvis commonly called the
Callier-Desoer algebra of transfer functions for DPS (394, [5] [6]. This is by now the
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standard class of transfer functions which people usuadikwvith in DPS theory, [13], [10].
This class can be seen as a subclass of H-infinity, which epasses all DPS of interest in
applications. At least, as far as | know, nothing better remntfound so far.

You may also know that Frank is one of the first contributoth&ofactorization approach
(he prefers to use the word: fraction) for feedback contystean synthesis, [15]. He estab-
lished the parameterization of all stabilizing contraléor DPS in a paper published in the
Annales de la Soeié Scientifique de Bruxellgfd], at the beginning of the 80’s, some short
time before the publication of the famous (general pape)é&soer, Liu, Murray and Sacks.

Frank is also an expert in spectral factorization and Ricegations. He published
several fundamental papers on these topics, in particuthrdacques Willems (on the con-
vergence of the Riccati differential equation), [12], andhwnyself, [11], [16]. Frank is
really a fan of spectral factorization. One of his most imi@ot contributions is certainly the
paper on the spectral factorization problem of polynomiatnoes, where he played one of
his favorite games: the massage of the point at infinity, [1].

He also wrote two books, both jointly with Charles Desoersearch monograph on the
polynomial approach to multivariable feedback systemls gi7d a textbook on linear system
theory, [8]. These books may appear to be hard to read, whaslinge them superficially.
However, if you look at the details, you will easily obsertattithey are extremely carefully
written and they contain numerous fundamental and solidejois and results. These books
have been cited a numerous amount of times in the literanudetse second one has been
used as a textbook reference for several university couesegcially in the US.

Frank has also been elected fellow of the IEEE for his coutigins to multivariable
feedback system theory. This was made known all over ourtoguy articles published in
Belgian newspapers.

Frank did not directly supervise many doctoral thesis. Harde had very important
and strong influences on a lot of young people, notably as tiwveanember of a good num-
ber of doctoral thesis committees.

His outstanding work as reviewer of numerous papers, andsasdfate Editor oSystems
and Control LettersAutomatica andIEEE Transactions on Automatic Controand as As-
sociate Editor at Large of the latter, was and is still higlpypreciated by all his colleagues.

He is very exacting, for others, but first for himself. Wherrking on a specific research
topic and when writing papers with him, you will quickly olpge that he is hard to please
and that he does not like at all to rush for publication. ladthe prefers to take the time to
analyze again and again all the facets of the same questepi, he prefers to write and
rewrite a part of a paper (or a whole paper), until he reacHambresult which pleases him
and which he believes will be not too far from the final resttareview.

When he reads a paper, he really does it in detail. He doesmees he rewrites the whole
paper for himself, even by rediscovering the proofs coethim the paper, without reading
them in advance. He is really impressive.

Frank likes teaching very much. As a professor, he has egldicatmerous students in
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mathematics, notably by giving fundamental courses of eradtical analysis, viz. topology,
and measure and integration (including Fourier transfpimtjoductory courses of optimal
control and optimal feedback systems, and a master coursenoigroup theory, [2].

He is known by several of us and by his students in Namur, agykeicitation specialist.
To be more precise, he likes to state, especially when hadhiteg, some short sentences,
which translates in a very pictorial way his goal or his fieg$i at a particular specific time of
a course. This happens for example when he introduces a nmeemioor notation, or when
he explains a proof of a theorem.

Frank has often told me that he does not want to be seen as @ qfienuseum. Of
course he is not: he has been and is still active, as it candmea@ehis personal home page
http://perso.fundp.ac.befcallier/Callier05.pdf This is also confirmed by his recent contri-
butions, [9], [14], where one can observe once more his dreare in writing scientific
papers, and his excellent abilities as engineer and applEtdematician.

| wish to address to him again my sincere thanks and thosd ofyatolleagues, for all he
has done, and also for what he is still presently doing. Gaok to him and his family for
all his future projects and activities.
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Abstract

We give here a complete characterizationfbf,-stability of a class of fractional
delay systems of neutral type with single delay. In a paldicoase, the set of alf .-
stabilizing controllers is given.

Keywords
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19.1 Statement of the problem

We consider here fractional delay systems with transfectfan of the form

r(s)
G(s) =
®) = o+ e e
whereh > 0 andp, ¢, r are real polynomials in the variabié for 0 < p < 1. The condition
that the system be of neutral type is thdag p = deg q. Also we takedeg p > degr in order
to deal with proper systems.

We first adapt the Walton and Marshall technique in order talile to decide on the
presence of poles @f in the closed right half-plane.

Then we derive necessary and sufficient conditions in tefmkegp anddeg r to char-
acterizeH . -stability of G.

Those results are used in order to filtl,-controllers forG. In the particular case
degp = degq = 1, we show that is stabilizable by a fractional Pl controller, that is a

controller with transfer functiodk(s) = k;, + —.
S
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From this particular controller we can get a parametrizatibthe set of all stabilizing
controllers.

In the case wher€&' has all its poles of large modulus asymptotic to a verticed Btrictly
in the left half-plane, we can give closed-form solutiongiring a free parameter if .
This method has the merit of not relying on the solutions afiscendental equations as is
the case when determining Bézout factors given coprimeifac

1

ast + b+ (cst + d)e=sh

Theorem 19.1.1.LetG(s) = witha, b, c,d € R,a >0, c# 0.

. . V+M
Suppose thdt| > |c|; then the set of alH ..-stabilizing controllers is given b?JJ:—Ng
where
H H —sh
N(s) = 1 7 M(s):(as +b) + (est +d)e 7
st +1 st +1
B(gh 1+ 1
Uls) = st (s +7 ) ’
((ast +b) + (cst + d)e=sh) st + kypst + k;
P 1) (ki + kpst
V(S) _ (S + )( + ps )

((ast +b) + (cst + d)esh)st + kpst + k;
Q is a free parameter i, andk; > 0 andk, satisfy

(a(b+ kp) — cd) cos gu > 0,
(b+ kp)? + 2ak; cosmp — d* > 0,
and

k;i(b+ kp) cos g,u > 0.
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Abstract

In this paper we give methods for checking the location oépalf neutral systems
with multiple delays. These are of use in determining exptiakstability andH .-
stability in the single delay case.
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20.1 Statement of the problem

We consider the problem of stability of systems with chagastic equations of the form
G(s) = G1(s) + Z Gi(s)e %, where Gi(s) = Z aijs’,
i=2 j=1

for a;; € Randr; > 0. Suppose we are given the values:gfand would like to determine
whether the system is stable, either in the exponenti&l grsense, for a given set of values
of 7. In this paper, we give results which allow us to answer tvatiigitt questions.

1. Delay-Independent Stability: Is G exponentially stable for; > 0?

2. Delay-Dependent Stability: For givenh;, is G H.-stable forr; € [0, h;]?

Our work gives results which allow us to reformulate the fpeobin terms of semial-
gebraic sets. We then use Positivstellensatz results t@exphe problem as convex opti-
mization over sum-of-squares polynomials. We use semitfinogramming to solve the
optimization numerically. We use the version of the Positillensatz given by Stengle [3].
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Theorem 20.1.1 (Stengle)The following are equivalent
pi(z) >0 z’zl,...,k}
1. T: . =0
{ gi(x)=0 j=1,....m
2. There exist; € Rlx], s;,ri;,... € X5 such that

m k k
1= Z%’ti + 50+ Zsipi + Z riipip; +
=1 =1 i,7=1
i#]

HereR[z] denotes the set of real-valued polynomials in variablesd X, denotes the
subset ofR[z] which admit a sum-of-squares representation. For a givgredebound, the
conditions associated with Stengle’s positivstellensatz be represented by a semidefinite
program since for any; € X, there exists a matrig > 0 such thats(z) = Z(x)TQZ(z),
whereZ is a vector of monomials im. The connection between semidefinite programming
and sum-of-squares was first made by Parillo [1].

Delay-Independant Stability In this case, we use the following very simple stability con-
dition.
Proposition 20.1.2. Suppose that for some> 0, {s : G1(s) + > 5 Gi(s)z; = 0, Res >
—¢, ||zi]|? < 1+ €} = 0. ThenG is exponentially stable for any > 0.

Using the Positivstellensatz, we construct a semidefimitgnam which checks the con-
ditions of the Lemma. This is illustrated using a number aheucal examples.

Robust Delay-Dependent Stability In this case, we use an approach first considered by
Zhang et al. [4]. This method was based on two principles;H8 [Bcation of the rightmost
root of G is a continuous function of the values of the detagnd 2) A robust version of the
Padé approximation can be used to enclose the funetiéron the imaginary axis.

For neutral systems, principle 1 holds for> 0, but not necessarily at = 0. Therefore,
we must check that new roots appear in the left half-planaénfiimitessimalr and in the
particular case of a single delay, we have a condition [2ktvitharacterizes this. In the case
of multiple commensurate delays, we use a more consengaiivdition given in terms of the
ain-
Once the above conditions have been satisfied, we can afiplgtrBadé approximants in
the spirit of [4]. We can then use the Positivstellensatotwstruct semidefinite programming
conditions. This approach is illustrated with numericamyples.
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Abstract

Let A: D(A) C X — X be the generator of a strongly continuous semigroup on addana
spaceX, and let the operator®, L : W1?([—r, 0], X) — X be linear and bounded. Denote

X =X x LP([-r,0],X) withnorm [[(5)Il = [1z[ + [lll,-

Consider the linear operatotp : D(Ap) C X — X defined by

A L
v (5 4)

D(Ap) = {(:,) € D(A) x WYP([—r,0], X) : z = Dgp}.

We note that the operatof is closely related to neutral equations with differencerafume
D and delay operatak.
We consider the following:

Problem 1 Find general conditions orD and L for which Ap generates a strongly con-
tinuous semigroup oA’

Generally, in neutral equations, the works consider ataspieratorD, that is Dy =
©(0)— K¢, whereK is nonatomic at zero (e.g. [1, Sect. 6], [4, Chap. 9]). Hergjive a new
semigroup approach to Problem 1 mainly based on closeddgsiems and a Perturbation
theorem of Staffans—Weiss (see [5, Chap. 7], [6]). We sHatl aee how this approach
allows us to prove that the semigroup generated4yy is eventually compact whenever
the semigroup generated bByis immediately compact. This will serves to use well-known
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criterion for the stabilization of distributed linear sgst to introduce general conditions for
the feedback stabilization of neutral equations.

But, it is of much importance to solve Problem 1 in the cas®afonatomic at zero, and
it is natural to expect such a situation in control problemshsas aeroelastic systems. The
none atomicity ofD makes many difficulties for directly applying the conceptctifsed—
loop systems. However, we shall present an approach wHmhisalis to use Staffans—\Weiss
perturbation theorem in an indirect way ([2]). We note tlat dperatordD and L should be
issued as observation operators of regular linear systesesmed by the left shift semigroup
on LP([—r,0], X) (see [3]).

Finally, we consider the singular neutral reaction—diffnsequation

0 n 2
£ ortuesens)- £ 2]

k=1 -

0 1
cls|"2u(t + s, z) ds)+
,

0
a/ u(t+ s,x)dw(s) + f(t,x), x € 2,1 >0,

y (21.1)
0 1
/ cls|"2u(t + s,z)ds = 0, xedf2, t>0,
—Tr
z(s,x) = p(s,x), a.e. (s,x) € [-r,0] x £,
wherec,a > 0 are some constants, = (z1,---,z,), 2 C R™ a bounded open set with

boundaryo(? andw : [-1,0] — [0, 1] is a function of bounded variation (one can consider
w as the Cantor function, which is singular with total vapatil).
We shall see that the equation (21.1) is well-posed only dghted spaces.
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Abstract

Linear systems of neutral type are considered using theitefifimensional ap-
proach. Conditions for exact controllability and regulaymptotic stabilizability are
given. The main tools are the moment problem approach anexiseence of a Riesz
basis of invariant subspaces.
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22.1 Statement of the problem

In this paper we consider the problem of controllability atabilizability for a general class
of neutral systems with distributed delays given by the égoa

2(t)—A_12(t—1) = Lz (+) /A2 2(t+6) d9+/ A3(0)z(t+0)d0+ Bu(t), (22.1)

whereA_; is a constant x n-matrix, A,, Az aren x n, Lo valued matrices. We consider
the operator model of the neutral type system (22.1) in tloelyst spaceMy, = C™ x
Ly(—1,0;C™), so (22.1) can be reformulated as

#(t) = Az(t) + Bu(t), 2(0) = (j(j-)) A= (8 %) B (ﬁ) , (22.2)

with D(A) = {(y,2(-)) € My : z € H*([-1,0;C),y = 2(0) — A_1z(-1)}, and A is
the generator of &-semigroup. The reachability s&; is such thatR; C D(.A) for all
T > 0, with u(-) € La, the solution of (22.2) being i?(.A).
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Theorem 22.1.1.The system (22.2) is exactly null-controllable, iRr = D(.A), iff the pair
(A_1, B) is controllable andrank (A 4(\) B) =nforall A € C, where

0 0
AAN) =M = e A — )\/ e Ay (s)ds — / e As(s)ds,
-1 -1
If these conditions hold then the system is controllablergttameT” > nq, wheren; is the
controllability index of the paifA_;, B). Itis not controllable atl’ < n;.

The main tools of the analysis is the moment problem appraadhhe theory of basis of
exponential families. We construct a special Riesz basigjuke existence of a Riesz basis
of invariant subspaces [5] and describe the controllghilioblem via a moment problem in
order to get the time of controllability. See [3] for the meadable and discrete delay case,
via a different approach, and [4] for a preliminary result.

The same Riesz basis of subspaces allows to characteripeothlem of asymptotic sta-
bilizability by a regular feedback law. From the operatompof view, the regular feedback
law

0 0
u=Fzr= / Fr(0)2(t + 6)dt + / F5(0)z(t + 0)dt, (22.3)
—1 -1

where Fy, F3 € Lo(—1,0;C™*™) means a perturbation oA by the operato3F which is
relatively A-bounded and verifieB(A) = D(A + BF). Such a perturbation does not mean,
in general, thatd + BF is the infinitesimal generator of @-semigroup. However, in our
case, this fact is verified directly since after the feedba&ekget also a neutral type system
like (22.1) withD(A) = D(A + BF). This feedback law is essentially different from that
which use the tern#'z(¢ — 1) (cf. for example [2]) and for whictD(A) # D(A+ BF). Our
main result is

Theorem 22.1.2.(Rabah, Sklyar & RezounenkdJnder the assumptions: the eigenvalues
of the matrixA_; satisfy|u| < 1, the eigenvalueg;, ;| = 1 are simple, the system (22.1)
is regularly asymptotically stabilizable ifink (A4(\) B) = nforall A : ReX > 0, and
rank (ul — A_1 B) =nforall p:|u|=1.

In the case whenl _; has at least one eigenval{}¢ = 1 with a nontrivial Jordan chain,
the system canot be stabilized by a control of the form (39.1). The same(ifl ) ¢ {u :

|u| < 1}. This follows from the fact that any control of the form (3pléaves the system in
the same form and then it remains unstable [5].
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Abstract

We consider coprime factorizations for irrational funatsowvith a special emphasis
on state space formulas.

Keywords

Coprime factorizations.

23.1 Introduction

Coprime factorizations of transfer functions have beedisgifor some 30 years now. One of
the main applications to control theory is the Youla-Jabn@iorno-Kucera parametrization
of all stabilizing controllers for a given plant which is giv in terms of a coprime factor
and the corresponding Bezout factors, but there are mang imgortant applications of the
concept of coprime factorization in control theory.

There is a strong connection between coprime factorizatiwhlinear quadratic regulator
theory which can be used to calculate the coprime factévizaind the Bezout factors in
terms of a state space realization of the transfer functeg [6],[8] for the rational case). In
this talk we will focus on this state space approach.

The finite-dimensional state-space solution readily gaizas to the case of exponen-
tially stabilizable and detectable systems with bounddtefrank input and output operators
[5, Chapter 7]. What happens if one droppes the exponemdihilizability and detectability
assumption was studied in [4] (for positive real stronglgbdtzable systems) and [2] (for
strongly stabilizable systems). The assumptions on thd gapd output operator were gener-
alized in [3] (while keeping the exponential stabilizatyiland detectability condition). In [9]
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the notion of joint stabilizability-detectability (whids weaker than exponential stabilizabil-
ity and detectability) was introduced and shown to be edgmtao the existence of coprime
factorizations (for the very general class of well-poseddir systems).

In [1] it was shown that the finite cost condition for the systéself and its dual is
equivalent to the existence of coprime factorizations sHsisumption is a priori weaker than
the earlier joint stabilizability-detectability assungpt and can be checked in practical PDE
examples (in contrast with the joint stabilizability-detigbility assumption). The equivalence
was shown for the class of distributional control systemki¢tvincludes the class of well-
posed linear systems as a subclass). It is this last medtioek [1] that we will mainly
discuss in this talk.

Finally we wish to note that under the finite cost conditiontfe system alone (not also
for the dual system) existence of weakly coprime factoidrest has been proven [7]. For
some purposes weakly coprime factorizations are good éndug for other purposes the
earlier mentioned (strongly) coprime factorizations agemtial.
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systems
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Abstract

Starting from a time-invariant dissipative system, we tartd a class of time-
varying systems by introducing a time-dependent inner ygebdn the state space and
modifying some of the generating operators. This classnefdi systems is motivated
by physical examples such as the electromagnetic field draumoving object.

Keywords

Well-posed linear system, operator semigroup, linear-targing system, scatter-
ing passive system, Maxwell equations.

24.1 Introduction and main result

Various classes of time-varying linear systems with inpurtd outputs have been introduced
in the papers [1], [2], [3], and others. The most general d&fimis the one in [3] which
mimicks the concept of a (time-invariant) well-posed linegstem from Weiss [5]. Unfor-
tunately, for such systems, there is no complete reprasamténeory available (unlike for
time-invariant well-posed systems). In fact, already fiore-varying systems without inputs
and outputs the relevant theory (developed by Kato) is mesh ¢omplete than the theory of
strongly continuous semigroups in the time-invariant cétse difficult to verify that a given
system of linear equations defines a time-varying well-gasestem, and for this reason it is
also difficult to construct non-trivial examples of suchteyss. The difficulties arise when
we have unbounded control or observation operators andg/gers is not of parabolic type.

In this paper we introduce a class of time-varying well-gbleear systems. Each such
system is constructed using a dissipative (or scatterisgiy®) time-invariant system and a
family of time-dependent inner products on the state space.
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Let X! be a scattering passive time-invariant system in the sefi{g¢ @vhere such sys-
tems were called ‘dissipative’) with generating operatotsB, C, D), state space, input
spaceU and output spac® (which are Hilbert spaces). Lét : R, — L(X) be a twice
strongly continuously differentiable function such thagt) = P(t)* > 0 and P(t)~! is
bounded for every > 0. We introduce a new system, informally defined by the equations

#(t) = AP(t)z(t) + Bu(t), (24.1)
y(t) = CP(t)z(t) + Du(t). (24.2)

Here the domain ofA P(t) may heavily depend oh> 0, but it can be seen that the extrapo-
lation space ofA P(t) is isomorphic to the extrapolation spa&e ; of A. Recall thatX_; is
the completion ofX w.r.t. ||(wI — A)~1z||, for somew € p(A), and thatB : U — X _; and
C: D(A) + (wI — A~Y)BU — Y are continuous, cf. [4].

Theorem 24.1.1.Under the above assumptions,tet 0 and(z(7),u) € X xH. ([r,0),U)
with Az(7) + Bu(r) € X. Then(24.1)has a unique solutiom € C*([r, 00), X) and(24.2)
defines the output function € H} ([r,o¢),Y). The operatorsAP(t) generate an evo-

lution family T'(¢,7), t > 7 > 0, which has a continuous extension Xo ;, and it holds
xz(t) =T(t,7)x(T) + f: T(t,r)Bu(r) dr for everyt > T > 0. The balance inequality

& P (t), z(t) < [lu@®)l® — ly@)) + (P)(t), (1) (24.3)

holds for every > 7 > 0. If the original time-invariant system’ is energy preserving, then
we have equality it§24.3) The map(z(7), ul|[r,t]) — (x(t),yl|[r,t]) defines a well-posed
time—varying syste in the sense of [3].

There is a version of this result#(-) is justC!. Our theorem can be applied to Maxwell
equations with energy preserving boundary control andrebden and time-varying permit-
tivity and permeability. In this example, one can think of aaghanism which changes, say,
the permittivity by moving an iron bar inside the domain weitih changing the total energy of
the system. A preliminary analysis based on Theorem 24ntlitates that one can establish
(local in time) well-posedness of the resulting energy @ndag, time-invariant, quasilinear,
coupled system.
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Abstract

A Lyapunov-based approach for the trajectory generatian®throdinger equation
is proposed. For the case of a quantum particle in a 3-dirorakifinite potential well
with an arbitrary shape the convergence is precisely aadlyz

Keywords

Schradinger equation, Quantum systems, Stabilizati@gpddsive estimates.
25.1 Introduction

The control of an infinite dimensional quantum system, inegal poses much harder prob-
lems than the finite dimensional case. Concerning the déattility problem, very few
results are available [1, 3]. Concerning the trajectoryegation problem, still less results
are available. In particular, the few available contrdligbresults are not constructive. It
seems, therefore, necessary to consider the control pndbleinfinite dimensional configu-
rations case-by-case. In this paper, | consider the cooft@BD quantum patrticle in a finite
potential well as a first class of models considered in angigkyliterature on quantum sys-
tems. The controllability of such quantum systems withlpaliscrete and partly continuous
spectrum has been patrtially studied in [3]. The result ptediin [3], however, is far from
being practical for the general case of finite potential sveflarbitrary shape. Moreover, as
it is said previously the provided analysis is not consivecand does not provide a control
strategy.

The simplicity of the feedback law found by the Lyapunov t@gaes in [2] suggests the
use of the same approach for such infinite dimensional camfigms. Here, we announce
the main result of the paper:

Theorem 25.1.1.Consider the Sclidinger equation

(1, 0) = AW, 2) + V@) + u(t)p() (),
\If|t:0 = \I/()($), te R+,IE € Rg, ||\IIOHL2(]R3) = 1. (251)

We suppose the potentill(z) and the dipole momenti(z) to be bounded real-valued func-
tions with compact supports.
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We consider moreover the following assumptions:

Al ¥y = Zf\io aip; where{¢;} N, are different normalized eigenstates in the discrete
spectrum o = —A + V(z).

A2 the coefficientoy corresponding to the population of the eigenstatein the initial
condition ¥ is non-zero:aq # 0.

A3 the HamiltonianH = —A + V(x) admits non-degenerate transitions;, — \;, #
iy — Aj, for (i1,41) # (i2,72) and where{\;} are different eigenvalues of the
Hamiltonian H;

A4 the interaction Hamiltonian:(z) ensures simple transitions between all eigenstates of
H: (il ¢) #0  Vi#je{0,1,.,N}.

Then for any > 0, using the feedback law ¢~ 0)
N
u(t) = u (W) = c[(1— €)Y S(u¥ | é1) (61 | ) + €Sl | do) (o | V)],
=0
the system admits a unique strong solution.#{R3; C). Moreover the state of the system
ends up reaching a population more th@n— ¢) in the eigenstate, (approximate stabiliza-
tion): liminf; oo | (¥(¢,2) | go(z)) > > 1 — €.

Remark 25.1.2. This result is perfectly comparable with the one providedtffie finite di-
mensional configuration in [2]. However, many remarks aifmws to weaken or to remove
the assumptions in the Theorem are provided in the paperarticplar, the general case of
rapidly decaying potential® (x) can be addressed similarly. The assumptid@sA3 and
A4 can be alleged exactly as in the finite dimensional case.ll{sicancerning the restric-
tive assumptiorAl, an argument based on the use of quantum adiabatic theanjtpers to
consider a much larger class of initial states containingrgrortant part of the continuous
spectrum.

Remark 25.1.3. Note that, even for the case of an initial state in the disgpett of the spec-

trum, the convergence analysis used for the finite dimeasioonfigurations is not enough
to prove the result of the Theorem. In fact, one needs to pteie L2-mass lost phenom-

ena, through the continuous part of the spectrum, whildlgtiaig the system in the desired
equilibrium state. The particular control law in the Thaordogether with some dispersive
estimates of the Strichartz type, ensures this fact.
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Abstract

We describe different types of behaviors associated witls@ete time state/signal
system.

Keywords

State/signal system, behavior, input map, output map, elankp.

In this lecture we first present an overview of the recentlyetlgped theory of passive
and conservative linear time-invariant s/s (= state/d)gsgstems in discrete time. Such a
system has a state spatiesimilar to the one of a classical i/s/o (= input/state/otitgystem,
but a s/s system differs from an i/s/o system in the sensatbiatsystem does not distinguish
between inputs and outputs. Instead the interaction witlstinroundings takes place through
a Krein signal spacV. A s/s system ipassivef the subspacé” of & which generates the
trajectories of the system is maximal nonnegative, anddbisservative ifl” is Lagrangean
in K. A s/s system does not have just one transfer function buytnansfer functions, which
depending on the point of view of an outside observer can &ebiir type (from a scattering
perspective), or of Carathéodory type (from an impedararspective), or of Potapov type
(from a transmission perspective).

In the time domain the standard i/o (input/output) map of/stoisystem is replaced by a
signal behavior. In [1]-[5] we defined a behavior to be a dasght-shift invariant subspace
of £2(0,00; W). Below we shall refer to this type of behavior aguture behavior If ¥
is a passive s/s system (or more generally, an LFT-stabiézs/s system), then the graph
of the Toeplitz operatorof an arbitrary i/s/o representation &f does not depend on the
particular representation. We call this theure behavior induced b¥. A future behavior
is passivaf it is a maximal nonnegative subspace/sf0, oo; W) induced by a fundamental
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decomposition of/. The future behavior of a passive system is passive, andecsely,
every passive future behavior has passive and even cotigersi realizations.

The above definition of the future behavior is based on thelitaeoperator of an i/s/o
representation of a s/s system. The Toeplitz operator isdahgression to the present and
future time of the bilaterally shift-invariaito mapof the i/s/o system. In many instances in
system theory it is also important to study this bilaterahjft-invariant i/o map directly as
well as its compression to past time, which we shall refestthaanti-Toeplitzoperator. We
call the graphs of these two operators thkbehaviorand thepast behaviorrespectively.

In this talk we discuss the connections between past, fad, fature behaviors of the
original s/s system and its dual. We also introduce the netif theinput map the output
map and theHankel operatorof a passive s/s system. The domain of definition of the input
map and the Hankel operator is the past behavior of the systemeas the output map is
defined on the full state space. The input map is single-daltiee output map and the
Hankel operator are multi-valued, and the Hankel operatdne product of the input map
and the output map.
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Abstract

In this talk the stabilization of almost impedance passisesns by positive static
output feedback is studied.

Keywords

System nodes, impedance passive systems, scatteringgsgsiems, exponential
and strong stability.

27.1 Introduction

The plant to be stabilized is a system natleA system nod& with input spacd/, state space
X and output spac& (all Hilbert spaces) is determined by its generating triple B, C')
and its transfer functiot, where the operatod : D(A) — X is the generator of a strongly
continuous semigroup of operatdifson X and the possibly unbounded operatésand
C are such that : D(A) — Y and B* : D(A*) — U. There are no well-posedness
assumptions for a system node; in particdirC' are not assumed to be admissible.

The system node: is calledimpedance passivié Y = U and for all input functions
u € C?([0,00),U), and for initial statesy € X that satisfyAz, + Bu(0) € X and for all
T > 0, the following holds

=P = ol <2 [ Refu(t).p(oya.
Y. is called almostmpedance passiviéthere exists ant = E* € £(U) such that the

system nodé& i with the same generating operatetsB, C but the transfer functio + E
is impedance passive.
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A trivial case is whenG is already impedance passive and a special case is When
has colocated sensors and actuators on the boundary. Stemsyinclude many wave and
beam equations with sensors and actuators on the boundzayad@erizations of impedance
passive systems have been given in Staffans [5] and frone twesdeduce some simpler
easily verifiable conditions for systems to be impedancsipasFor example, il generates
a contraction semigrou) is in the resolvent set off, and B*A*~! = —CA~!, thenX®
impedance passive if and only@(0) + G(0)* > 0. Moroever,X g is almost impedance
passive for all bounded self-adjoint operatéis £(U) such that > —1(G(0) + G(0)*).

It has been shown for many particular cases that the feedback-xy + v, with k > 0,
stabilizesY, strongly or even exponentially (see [2], [4], [3]). Herds the output o and
v is the new input.

Our main result is that ifw is in the resolvent set of, C(wl — A)~! = B*(wI+ A*)71,
andX is approximately observable and approximately contrtglathhen for sufficiently small
k the closed-loop system is weakly stable. If, moreowérd) N iR is countable, then the
closed-loop semigroup and its dual are both strongly stablés complements earlier re-
sults on exponential stabilization in [1], [7]. We use ousuis to examine the effect of
feedthrough and static output feedback on large classearoped second order PDE sys-
tems.
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Abstract

We give a complement of information to Grabowski and Ca[r A SISO Lur'e
feedback control system consisting of a linear, infinitexeinsional system of boundary
control in factor form and a nonlinear static incrementatsetype controller is consid-
ered. Well-posedness and a criterion of absolute strongptsyic stability is obtained
using a novel nonlinear semigroup approach.

Keywords

infinite—dimensional Lur’'e feedback systems, nonlineanigeoups, stability

Consider the Lur'e feedback control system in Figure 28 Aictv consists of a linear

PLANT
z(0) = zo ——
y=cla
CONTROLLER
f

Figure 28.1: Lur'e feedback system
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part described by

#(t) = Afe(t) + du(t)]
{ya) — Falt) } ’ (28.1)

and a scalar static controller nonlinearjty R — R. It is assumed that:

0 A:(D(A) C H) — H generates a linear exponentially stali#Xg), Co—semigroup
{S(t)}+>0 on a Hilbert space H with a scalar prodyet-)n,

0 yis ascalar output defined by ain-bounded linear observation functior#l (bounded
on Dy, i.e the spacé(A) equipped with the graph norm of, here equivalent to
||| 4 := || Az||,)- The restriction of# to D(A) is representable a¥’z = (h, Az)y
for everyx € D(A) and soméh € H, or shortlyc#\D(A) = h*A.

0 d e D(c¢”) C His afactor control vector; € L2(0, 00) is a scalar control function.
The closed—loop system is described by the abstract nanldifferential equation

#(t) = A {x(t) _df [C#x(t)] } (28.2)

We give conditions under which the closed -loop system dperH the right-hand side
of (28.2), namely

Ax:= A [w — df(c#x)} , D(A) = {x e D(c?) :z —df(cz) e D(A)} , (28.3)

is dissipative and hence the generator of a well-definedmasn semigroup giving that that
the closed-loop system is well-posed: essentially an mergal sector type condition for the
nonlinearity of the form

fly) — f(y2)

Y1 — Y2
and the satisfaction of an operator Lur’e type inequalitgdabonk, k; and the linear sub-
system parameters. The solution of the latter is discusgea dircle criterion type result,
essentially the condition

1+ (k1 + k2) Re[g(jw)] + k1k2|§;(jw)|2 >np>0 YweR

whereg in H>®(C™) is the transfer function of the linear subsystem. If theelattiterion is
satisfied in addition to the incremental sector conditibentone gets that the state= 0 of
(28.2) is strongly globally asymptotically stable.

A "non-coercive” version of the stability criterion invas the Lasalle invariance princi-
ple as in Dafermos and Slemrod [1]-see [3] for more detalil.

—00 < k1 < <ko<oo VYuy1,y2 €R, f(0)=0
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Abstract

We consider a boundary stabilization problem for the plgtes¢ion in a square. The
feedback law gives the bending moment on a part of the boyradaunction of the ve-
locity field of the plate. The main result of the paper asgbesthe obtained closed loop
system is exponentially stable if and only if the controlpedt of the boundary contains
a vertical and a horizontal part of non zero length (the gedmeptics condition intro-
duced by Bardos, Lebeau and Rauch for the wave equationdsitittnecessary in this
case). The proof of the main result uses the methodologgdaoted in Ammari and
Tucsnak [1] and a result in [2].

Keywords

Boundary stabilization, Dirichlet type boundary feedhgullte equation

29.1 Introduction and main results

In this work we study the boundary stabilization of a squaneEBernoulli plate by means

of a feedback acting on the bending moment on a part of thedasynLet us first describe
the open loop control problem. L&t c R? be an open bounded set representing the domain
occupied by the plate. We denote @) the boundary of2 and we assume th&f2 = ToUTy,
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wherel', T'; are open subsets 6f) with Ty T"; = (). The system modelling the vibrations
of the plate with boundary control acting on the moment cawtigen as

W4 Aw =0, zeQ, t>0, (29.1)

w(zx,t) =0, z €N, t>0, (29.2)

Aw(z,t) =0, zely, t>0 (29.3)

Aw(z,t) = u(z,t), zely, t>0 (29.4)

w(z,0) = wo(z), w(zr,0)=w(x), x € Q, (29.5)

where we have denoted by a dot differentiation with respetiie timet andv stands for the
unit normal vector obX) pointing towards the exterior &?.

The main result concerns a system obtained by giving thet impii (29.4) as function
of «w. More precisely, we consider the equations (29.1)-(29y&)iling the controk: in the
feedback form

u(z,t) = —%(GU)), xely, t>0. (29.6)
The operatolG' in (29.6) is defined asl; ', whereA, : H}(Q) — H~1(Q) is defined by
Agp = —Agp for all p € HI(Q). Assume thaf) is a square. Moreover, suppose that
wy € H(Q) and thatw; € Hy (). Then the initial and boundary value problem (29.1)-
(29.5) determine a well posed linear dynamical system witesspace?} () x H~1(Q).
We show that i) is a square we only need a much smaller control region. Mareigely,
the main results of this is the following.

Theorem 29.1.1.Assume thaf2 is a square. Then the following assertions are equivalent:

1. The linear dynamical system determined(B9.1)(29.5) is exponentially stable in
HE(Q) x HH(Q).

2. I'; contains both a horizontal and a vertical segment of non lergth.
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30.1 Statement of the problem

In the first part of this work we study the exact observabitifysystems governed by the
Schrodinger equation in a rectangle with homogeneousiidi (respectively Neumann)
boundary conditions and with Neumann (respectively Digghboundary observation. Gen-
eralizing results from Ramdani, Takahashi, Tenenbaum acdriak [5], we prove that these
systems are exactly observableiimarbitrarily small time Moreover, we show that the
above results hold even if the observation regions laabigrarily small measuresMore pre-
cisely, we prove that in the case of homogenous Neumann boyiednditions with Dirich-
let boundary observation, the exact observability prgpeotds for every observation region
which has non empty interior. In the case of homogenous ldidoundary conditions with
Neumann boundary observation, we show that the exact aiis#ty property holds if and
only if the observation region has an open intersection aitledge of each direction. We
also show that similar results hold for the Euler-Bernopléate equation. Finally, we give
explicit estimates for the blow-up rate of the observapitibonstants as the time and (or) the
size of the observation region tend to zero. From a qual@gibint of view, the above de-
scribed results essentially amount to the statement thiagrfy givenu, v €]0, oo[ and any
non empty open séf C R?, there exist$ = §(U) = 6(U;u,v) > 0 such that,

)

2
S g 2O it > 6@U) Y Jamal

m,neZ>? m,nez?
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for all sequencesa,,,,) € ¢*(Z x Z,C). This, in turn, is shown by deriving an effective
version of an inequality of Beurling and Kahane and by olgimuantitative estimates for
the number of lattice points in the neighbourhood of an sdlipThe latter are obtained via
techniques from analytic number theory (sieve methods).

30.2 Improvement of some estimates

The second part of this work is devoted to some improvemdmecent estimates (see Miller
[2], [3],[1] [4]) on the norm of the operator associating toyanitial state the minimal norm
control driving the system to zero. More precisely, we shioat the following result holds.

Theorem 30.2.1.Leta > 0, p € C?[0,a] andq € C[0,a]. Assume thap(x) > 0 for all
z € [0,a] and denotd = [ /p(x) dz. Letr > 0 anda > 1. Then, for every every
20 € H1() there exists, € L?(0, 1), with
al? _
lull 200y <ra €™ l20lla-10) (20 € HH(RQ))

such that the solution of

z‘%(m,t) = % <p($)g—;(:6,t)> +q(z)2(z,t), x€(0,a), t>0
2(0,t) = u(t), >0
z(a,t) =0, £>0
z(x,0) = zo(x), € (0.a),

satisfiesz(z,7) = 0 for all z € (0, a).

The above result improves Theorem 4.1 in [3], where a siragaertion has been proven
362
fora>4—=| .
“ 37

Finally, the above results are used, following [4], to de@hwhe case of several space
dimensions.
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Abstract

We show that if a well-posed system is described by the secatet (uncontrolled)
equationy = —Ayw and eithery = CLw ory = Cyw (y being the output signal) and if
this system is exactly observable, then this property ieritéd by the system described
by the first order equatioh = iAyz, with eithery = C1z ory = Cyz. Such results
can be used to prove the exact observability of systems geddsy the Schrodinger
equation, using results available for systems governetidwave equation.

Keywords
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31.1 Statement of the problem

Let H be a Hilbert spaced, : D(Ay) — H is strictly positive and for albe > 0, H, =
D(A§) with the usual norm. Defin@ = H: x H, which is a Hilbert space with the product

2

norm andD(A) = Hy x Hi. DefineA : D(A) — X by
2

A= [_310 é} ie., A[ﬁ = [_Agof} . (31.1)

It is easy to see that is skew-adjoint.X; stands forD(A) endowed with the graph norm.

Our first result concerns the admissibility for observagi@eting on the first component of
the state of the system: this admissibility is inherited lmgeain Schrodinger type system.

73



CDPS Exact controllability of Schrédinger type systems

Proposition 31.1.1.LetY be a Hilbert space, lef; € £(H;,Y ) and define
CeL(X1,Y)by

C =10 (31.2)

Assume that’ is an admissible observation for the unitary grdllgenerated by. Let S be

the unitary group generated iyl, on H:. Then( is an admissible observation operator
2

for S.

When we say thatA, C) is exactly observable in time, then it is understood that is
an admissible observation operator for the semigroup gégebyA.

Theorem 31.1.2.With the assumptions in Propositi@i.1.1 assume that the pait4, C) is
exactly observable in some positive time. Then the @aig, C; ), with the state spacé/ .,

2
is exactly observable in any positive time.

Now we consider systems where the observation acts on tled¢@omponent of the
state, deriving similar results. We start again with adibibty.

Proposition 31.1.3.LetY be a Hilbert space, lef; € E(H%,Y) and define” € £L(X;,Y)
by

C =[0Cy . (31.3)
Assume tha€’ is an admissible observation for the unitary groligenerated byA. Let S

be the unitary group generated by, on H. ThenCj is an admissible observation operator
for S.

Now comes the corresponding controllability result:

Theorem 31.1.4.With the assumptions in Propositid@1.1.3 assume that the paif4, C)
is exactly observable in some positive time. Then the (a5, Cy), with state spacé?, is
exactly observable in any positive time.

We mention that under a certain assumption on the spectrufiy,ahe converses of the
above theorems are also true. For the proofs and for othailsié¢éxamples) we refer to
Chapter 5 of our book [1].
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Abstract

Itis known that the linear Korteweg-de Vries equation witnfogeneous Dirichlet
boundary conditions and Neumann boundary control is narotiable for some critical
spatial domains. In this paper, we prove for these critiagaks, that the nonlinear equa-
tion is locally controllable around the origin provided thie time of control is large
enough. It is done by performing a power series expansiomeo$solution and studying
the cascade system resulting of this expansion.

Keywords

controllability, Korteweg-de Vries equation, critical m@ins, power series expan-
sion

32.1 Introduction

Let L > 0 be fixed. Let us consider the following Neumann boundaryrobsystem for the
Korteweg-de Vries (KdV) equation with the Dirichlet boumga&ondition

Yt + Yz + Yoz + YYz = 0,
y(t,0) = y(t, L) =0, (32.1)
Yo (t, L) = u(t),

where the state ig(¢,-) : [0, L] — R and the control i3:.(t) € R. In this paper, we are

concerned with the controllability of (32.1). More predjsdor a timeT > 0, we want to
prove the following property.
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Property 32.1.1. (Local exact controllability)There exists > 0 such that, for everyy, yr) €
L2(0, L)* with [lyoll 20,2y < 7 @nd|lyr||r2(0,r) < 7 there exisu € L*(0,T) and

y € C([0,T],L*(0,L)) N L*(0, T, H'(0, L))

satisfying(32.1) y(0, -) = yo andy(T’,-) = yr.

In order to deal with the nonlinear term in (32.1), one carigrer a power series expan-
sion of (y, u).

In [3] Rosier has studied the control system (32.1) by usifigsaorder expansion, i.e.
he considered the linear control system. He proved thatitleard KdV system is exactly
controllable and the nonlinear one is exactly locally colfdble provided that

RN
LN = {277\/%; kol e N*}. (32.2)

If L € NV, Rosier proved that there exists a finite-dimensional smtnsprQ(O, L), denoted
by M, which is unreachable for the linear system.

In [2] Coron and Crépeau studied the first case i.e M is oneedsional. First, they
prove that one can reach all the missed directions lyint/imith a third order power series
expansion and then they demonstrate that Property 32.1d& trae ([2, Theorem 2]).

In [1] Cerpa uses the same approach to treat the seconakciise:M is two-dimensional
and a second order expansion allows to enter into the subdgadf the time of control is
large enough, one can reach all the missed direction. Bygusiis fact and a fixed point
argument one obtains Property 32.1.1 provided That large enough ([1, Theorem 1.4]).

32.2 Main result

By using results of [3, 1, 2] we prove that Property 32.1.1dkdh other critical cases, i.e.
when the dimension of the subspatgis higher than 2. We use an expansion to the second
order if L # 2nk for any k € N* and an expansion to the third orderlif = 27k for
somek € N*. With particular control, constructed from controls of position 3.2 [1] and
proposition 10 [2], we reach a basis of directionslin We get all the other direction after a
time T, long enough, using the fact that in M, with no control, theusioh only turns with

a known celerity. Then using two fixed point theorems simitethose used in [2, 1], we get
the main result of this work.

Theorem 32.2.1.Let L € N. Then, there existd;, > 0 such that Property 32.1.1 holds
provided thafl” > T7..
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Abstract
We show that a hyperbolic partial differential equationhadbntrol and observation
at the boundary of a one-dimensional spatial domain is pedled if and only if the
homogeneous equation, i.e., the input set to zero, is vefiheld.

Keywords
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33.1 Introduction
Consider the well-known wave equation

d*w 0w
—5 (z,t) = Cw(

52 x,t), (33.1)

wherec = %, with T" Young's modulus ang the mass density. We can write this as

a(2)en=(70)a (5 )eo
(1) & (8 2)(2)]en
wherez; (z,t) = p2¥(z,t), andzo(z, t) = 22 (z, t).
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Like in the above example, many hyperbolic p.d.e.’s can Li#emrin the above form.
Hence we assume that our p.d.e. is of the form
0z 0
o~ Nox
wherez is a vector valued function, anfl is a multiplication operator which satisfi@s<
ml < L(x) < MI, for some constants: and M. With this £ we introduce the Hilbert
spaceZ as being the function spadé ((a, b); R™) with inner product

b
(f,9) =/ f(@)* L(z)g(z)dz.

Theorem 33.1.1.Consider the partial differential equation

(Lz) + Pz, x € [a,bl. (33.2)

O (01) = P (£2) (a,0) 4 Po(@)2(a1), € [ab], 2(2,0) = z0(a)
(33.3)
0= M1 (Lz) (b, t) + M2 (L2) (a,t) (33.4)
u(t) = 1( z) (b, t) + My (L2) (a,1) (33.5)
y(t) = C1 (L2) (b,1) + C2 (L2) (a, 1) (33.6)
Wherez(gg’t) e R", PiT = P, rank [%; %;3} = rank [Mll M12] + rank [M21 M22] =n,
M1 M
rank [Jvé; Jvé;} = n + rank[C1 C2], and £ satisfies the condition stated above. If the
1 2

homogeneous p.d.e., i.e.,= 0, generates &y-semigroup onZ, then the system (33.3)—
(33.6) is well-posed, and the corresponding transfer fiamcis regular.

Well-posedness means that there existsnign> 0 andt; > 0 such that for all smooth
initial conditions and inputs the following holds

z 2 Y 2q m [z 2 Y U Qd] 33
IHMH+A mwnt§f|mu+é|uw fl. (33.7)

The proof is based on the work in [1] combining it with the fbadk result of Weiss [2]. A
preliminary version of this theorem has been published jnNi®te that in [1] necessary and
sufficient conditions were given such that the homogeneodi® pgenerates a contraction
semigroup. Hence from our theorem we conclude that all tegseems are well-posed and
regular.
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Abstract
It is known that Casimir functions can be used for energy steppf finite dimen-

sional Hamiltonian systems. As a first step towards the gdimation to boundary port
Hamiltonian systems, we define a Poisson bracket and cleaircthe Casimir func-
tions for Dirac structures arizing in a class of boundaryt ptamiltonian systems [6].
We also analyze the Casimir functions of mixed systems caeghof a boundary port
Hamiltonian system coupled with two finite-dimensionaltgéamiltonian systems [3],
[4] .

Keywords

Boundary control systems, Hamiltonian systems, Poissaoket, Casimir func-
tions.

In this paper we consider skew-symmetric differential aparof the form:
J = Pla2 where P, e R™™  with P, = Pl (34.1)
z

Following [6], we can define a set of boundary port varialfles f5) such that the subspace
D > (f, fa,e,e9) C La(a,b;R™) x R™ x H'(a,b;R") x R" defined as

f
D= {(@a) € Ly(a,b;R™) x R™ x H'(a,b; R")xR" | f = Te,
€9,
() =17 P1()) G2

80



Casimir functions and interconnection of boundary portiiltpnian systems CDPS

is a Dirac structure with respect to the canonical symmetidng generated by thie, inner
product.

Let Eaam = {e € H' (a,b;R™) | 3f € Ly (a,b;R™) such thaff,e) € D} be the space
of admissible efforts. Following [1], [2], and [5] we define this space a skew-symmetric
bracket: [( &), (&2)] = f;’ el Jea — el Py (e2(b) — ea(a)) . This bracket is used to de-
fine a Poisson bracket on some suitable functional spagg,, satisfying: {k1, k2}(a) =
[0k1(a),0ka(a)], k1, k2 € Kaam, Whered denotes the variational derivative.

In the second part, we investigate the Casimir functions@ated with the previously de-
fined Poisson bracket. These Casimir functions are furetive K,q,, such thatk,C} =
[0k,0C] = 0, Vk € Kuqm. We show that the Casimir functions are the same functions of
the state variables as the Casimir functions associatddtiangt Poisson bracket dif* with
structure matrix/ = i P; on the finite dimensional spa€&®.

In the third part, we consider the bracket arising from theertonnection of a port-
boundary Hamiltonian system with two finite-dimensionattgdamiltonian systems at its
boundaries [3], [4]. In a first instance we shall considerdase ofP; = (9 ) (arising for
the transmission line or the vibrating string models). Wiavdethe Casimir functions of the
total system with respect to the Casimir functions of the finite dimensional systems. In
particular, we show that if the two finite-dimensional syssehave no Casimirs, then there
exits a Casimir function for the total system correspondmtppological invariants such as
Kirchhoff's mesh law.
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Abstract

Our goal is to prove the compactness of the difference betweethermoelasticity
semigroup and its decoupled semigroup. To show this, weeptieeynorm continuity of
this difference, the compactness of the difference of teelvents of these semigroups
and use a result of Li-Gu-Huang. An example of thermoelastitems with Neumann
Laplacian on a Jelly Roll domain is given.
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35.1 Introduction

Consider the classical abstract thermoelasticity system

(1) utt—i—Au—l—BH :0, tZO,
Ht—{—CH—B*ut :0, tZO,

whereA : D(A) ¢ H — H; andC : D(C) C Hy — H, are self adjoint positive
operators with bounded inverses (not necessarily compabtle B : D(B) C Hy, — H;

is a closed operator with adjoift*, such thatD(C%) C D(B) andD(A%) C D(B*). The
asymptotic behavior of this system has been studied by &lesethors see, [1, 2, 3, 5, 7], by
the decoupling technic. Namely, they consider the simplstesn

(2) Ut + Au + BcilB*Ut = O, t> 0,
Ht—{—CH—B*ut == 0, tZO,

and they proved that the difference between the semigr@li@s) and(7(t)) generated by
these two systems is compact ( then,(7'(t)) = oess(Ta(t))), under the compactness of
BC~7 for somel < v < 1.

In this paper, we obtain the same result under weaker conditind following a different
approach. For this we show the following lemma.
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Lemma 35.1.1.()) t+— T'(t) — Ty(t) is norm continuous iri0, o).
(i) Assume thatA~!BC~! is compact. ThemR(\, L) — R(), Lg) is compact for every
A € p(L) N p(Lg), whereL, and L are the generators df'(-) and7}(-) respectively.

Hence, [4, Theorem 2.3] leads to our aim.

Theorem 35.1.2.Assume thatl = BC'~! is compact. Theff,(t) — T'(t) is compact for all
t>0.

At the end, we illustrate our generalization by the follogvithermoelastic system on a
special bounded domain, proposed in [8]= {(z,y) € R? : % <r <1} \T,wherel'is
the curve, inR?, given in polar coordinates by

3
¢ + Arctang ¢)
r(g) =2

2m ’

—00 < ¢ < oo. For this system, we show that

Proposition 35.1.3. A~ BC~! is a compact operator but the operatBC " is not compact
for every0 < v < 1.
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Abstract

This work continues the analysis of the certain asymptahtavior of the solutions
of certain linear differential equations in Banach spadgiwated in [1] and developed
in [2, 3] (see also [4] and references therein).

36.1 Statement of the problem

We consider the equation

where X is a Banach space, assuming tHais an infinitesimal operator generating thg-
semigroup denoted bye1'} | ¢ > 0. We also assume thde?|| > 0, ¢ > 0.

Definition 36.1.1. We say that the equation (36.1) (or the semigrdap’}, ¢ > 0) has a
maximal asymptotics if there exists a real positive functisayf(¢), ¢ > 0, such that

i) for any initial vectorz € X the function||e*z|| / f(t) is bounded or0, +oc],

i) there exists at least ong) € X such that

lim He
t—+oo f(t)

Note that in the finite-dimensional case the maximal asytigst@lways exists. More
exactly a functionf (¢) from Definition 36.1.1 may be chosen as

ft) =1,

wherepy = )\mz&) Re) andp is the maximal size of Jordan boxes corresponding to the
co

eigenvalues ofd with real part equal:. In the infinite-dimensional case it is relatively easy
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to give an example of equation (even with bound8dfor which the maximal asymptotics
does not exist. In this context the main result of [1] may lerjpreted in the following way:
Let the semigrouge!*}, ¢ > 0 be bounded and let(4) N (iR) be at most countable
set. Then the asymptotich(t) = 1 is maximal for this semigroup ifA* possess a pure
imaginary eigenvalue. In particular this means that(ifl) N (R) is in addition nonempty
but does not contain eigenvalues then the semigroup has ximalaasymptotics at all.
The main contribution of the present work are the followihgdrems.

Theorem 36.1.2. Assume that
log(|le*])) .

i) o(A)N{X:ReX = 0Oy} is at most countable), = , hin "

i) operator A* does not possess eigenvalues with real part eqtigls

Then the equatio36.1) (the semigrouge“?}, t > 0) does not have any maximal asymp-
totics.

Theorem 36.1.3.Let the assumptions of Theorem 36.1.2 be satisfied anfddgtt > 0 be
a positive function such that:

a) log f(t) is concave,
b) for anyz € X the function|letz||/f(t) is bounded.

Then

Jim leAa||/f(t) =0, =€ X. (36.2)

These results find the application in estimation of asynigaif solutions, for example,
of delayed equations [5].
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Abstract

A generic biologically inspired synchronization problenoaeled as two Duffing
oscillators exchanging synchronization solitons throagforteweg-deVries or Klein-
Gordon channel is investigated.

Keywords

Duffing oscillators, KdV equation, Klein-Gordon equatitineather solution, stand-
ing wave, synchronization

Oscillations of the spinal column in vertebrates has beatelyiinvestigated in such
benchmark phenomena as the swimming of the lamprey, thdingaaf the salamander,
even in the electrically induced gait movement in quaddiaesubjects [4]. All of these
phenomena are the manifestation of a Central Pattern Gen€¢@PG), a concept that in-
volves by far deeper control theory than what its originaledlepment might have led us
to believe [7]. While some Partial Differential EquationDP) model of spinal oscillations
can be derived from neuro-physiology first principles (cereby differential algebra [8, Sec.
2.1.1] modeling from experimental surface electromyobiafsEMG) signals), the missing
piece of the puzzle has been what is happening at the distalarthe spinal column—the
boundary conditions. Surprisingly enough, the “boundamyditions” are better understood
for humans than vertebrate animals, as they were formulaiddr “dural-vertebral attach-
ments” by the late neurosurgeon A. Breig [2]. The latter diaya states that the cervical
vertebra are mechanically attached to the spinal dura,ehemating a sensory-motor loop,
itself eliciting local oscillations visible as a twitchingf the neck muscles in manipulative
medicine. Further manipulation then induces a hip movejrbkateafter, electrophysiolog-
ical waves [6] run up and down the spine, induces a chadtictliansient, after which the
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neck and hip are brought in sync by a standing wave pattemgdlwe spine. Even more,
bifurcation between opposite phase oscillations undearadgtg wave with one mode shape
node and in phase oscillations under two mode shape nodéearserved [5]. The SEMG
record shows “bursts of accrued SEMG activity” at a fundatalenequency of 150 Hz. run-
ning along the spine, colliding arsirviving the collisiorin a soliton-like propagation. The
persistence, thmbustnessof this phenomenon across the population of research aabje
which even includes quadriplegic subjects, mandates sbhewgdtical justification for it.

The spinal wave has both a lateral and a longitudinal commom®wever, the relevant
phenomena are so far better understood in the coronal @artee analysis will be simpli-
fied to a 1-dimensional motion(z, t), wherex € [0, L], solution of a PDEPy(z,t) = 0,
where P is a partial differential operator subject to boundary dtons Dyy(0,t) = 0,
Dry(L,t) = 0, whereD,, Dy, are differential operators. Among the most challengindpro
lems are the dubious accuracy of PDE models of spinal oscillaespecially in their ability
to model this particular phenomenon, and the inherentlgynoature of the experimental
SEMG signals, making PDE modeling from experimental datatweliable. Beyond these
modeling uncertainties, one thing is absolutely certaine—temarkable robustness of the
standing wave and its ability to bifurcate. So the problertackled the other way around:
Identify operatorsP, Dy, Dy, that lead to such behavior, and then proceed to confirm the
latter neuropysiologically. One combination that quiteety matches the experimental data
is the breather solutiop(x,t) = 4tan—! (—“502 sin((’)t)sech(\/l - (’)%)) to the sine-
Gordon equationy = 0. Even though a bit tortuous, the Euler-Lagrange formalism o
Manton still applies. This leads to a Lagrangian made up oifstilouted parameter part
(the communication medium) and two lumped parameters féagsboundary oscillators).
The standing wave solutions, which induces synchroniaaifche boundary conditions, are
found as minima of the potential. The topological solitongarty arises from the fact that
in infinite dimension these minima cannot be destroyed [2Jnother model involves the
periodically forced Korteweg-deVries equation [1].)
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Abstract

The problem of stability of the non-linear Saint-Venant &pns, written in terms of a
system of two conservation laws perturbed by non-homogesteoms, is studied. Un-
der some assumptions on those non-homogeneous functrergys results on the sta-
bility of two conservation laws are developed using the Rismcoordinates approach.

38.1 Model

We consider the following model of flow in open-channels &&enant equations)

Q 1 2 Q
H+0,(Q/B) =g, o (—— + =gBH?) = gBH (I — < 1
OH+0:(Q/B)=q, 0Q+0:(pm+59BH") =gBH(I—-J)+kqp,  (38.1)
where H(z, t) stands for the water level ar@d(x,t) the water flows in the reach whilg
denotes the gravitation constaritis the bottom slopeB is the channel width and is the
slope’s friction expressed with the Manning-Strickler esgsion. The function(z, t) stands
for a lateral flow by unit length anklis a constant such that= 0 for supply,k = 1 for loss.

The control actionare the positiong/y andU;, of the two spillways located at the extremities

of the pool which expressions for two submerged underflow gatipstream and downstream
are respectively:

Q(07 t) - UOBMO\/zg(Zup - H(07 t))v Q(L7 t) - ULBML\/zg(H(L7 t) - Zdo)7 (382)
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wherez,,, andz,, are the water levels before and after, respectively; thih gate ( = 0, L).
The water flow coefficient of théth gate is denotegd,.

For constant control actiorigy(t) = Uy andUy,(t) = Uy, asteady-state solutiois a con-
stant solution(H, Q) (z,t) = (H,Q) (z) forallt € [0,+00), andz € [0, L] which satis-
fies (38.1) and the boundary conditions (38.2).

The problem under consideratida the following: given a steady-sta(eﬁ , Q), we want
to compute aroutputfeedback controlleyy = (Ho, Hr,) — (Uo(y),UL(y)), with Hy =
H(0,t), H, = H(L,t), such that, for any smooth small enough (ih norm) initial condi-
tion H# andQ? satisfying some compatibility conditions, the PDE (38.1ffmhe boundary
conditions (38.2) and the initial conditiofif, Q)(x,0) = (H*,Q#)(x) for all 2 € [0, L],
has a unique smooth solution converging exponentially (fast''-norm) towards(H, Q).
The boundary conditions are written as follow$0, t)+kob(0,t) = 0, b(L,t)+kra(L,t) =
0, wherekg, ky, are constant design parameters that have to be tuned totpmthe stability
anda andb are the Riemann coordinates.

38.2 Main result

Theorem 38.2.1.Let t, to, £1 and ¢y four constants depending on the eigenvalues of the
Jacobian matrix of the system and on the steady state (siel{ie bottom slope function

I, the slope’s friction functio/ and the supply function are sufficiently small i©*-norm,
then we havenax(t141,t202) < 1.

In that case, there exigty and k;, such that

| kokr | +t2 | ko | £ + 1161 <1, | kokr | +t1 | kr | 41 + 12l <1,
and the following boundary output feedback controller
Us — Ho 222, /Goo (Vo —/Tho | U, s +2ygar (VAL /1L
Ho \/Qg(ZuP_H(Oat)) 1299 \/QQ(H(Lvt)fzdo)
whereag = % and oy, = }jr’ljf makes the closed loop system locally exponentially

stable, i.e. there exist > 0, C > 0 and x > 0 such that, for all initial conditions
(H#,Q%) : [0,L] — (0,+0c0) continuously differentiable, satisfying some compatjbil
conditions and the inequality(H#, Q#) — (H,Q)|c1(o,1) < &,

there exists a uniqué’!'-solution of the Saint-Venant equations (38.1), with thartoary
conditions (38.2) and the initial conditiof,Q)(-,0) = (H#,Q%)(-), defined for all
(x,t) € [0, L] x [0,+00). Moreover it satisfiesyt > 0,

[(H,Q)(:t) — (H,Q)|c1(0,1) < Ce ™ ™|(H#, Q%) (0.1 -

This stability result is applied to the regulation problefrtlte water level and flow of the
shallow water equation and is illustrated with numericalits using the data of a real river
(namely the Sambre in Belgium, and the Gignac channel inderasing the software SIC
of the CEMAGREF), and experimentations on a micro-chanmelré precisely the Valence
experimental reach).

Bibliography

[1] V. Dos Santos and C. Prieur. Boundary control of a chanprelctical and numerical studies. In
preparation, 2007.

[2] C. Prieur, J. Winkin, and G. Bastin. Boundary control ohaRhomogeneous systems of conser-
vation laws. Preprint, 2006.

90



39

Boundary control of a channel: internal model
boundary control

Y. Touré J. Sau

LVR, IUT de Bourges CNRS, UMR 5509 LMFA,
63, Av. De Lattre de Tassigny Université de Lyon 1,
18020 Bourges Cedex, France, F-69622 Lyon, France;
Youssoufi.Toure@bourges.univ-orleans.fr jacques.sau@univ-lyonl.fr

V. Dos Santos

CNRS, UMR 5007 LAGEP,
Université de Lyon 1,
F-69622 Lyon, France;
dossantos@lagep.cpe.fr

Keywords

Shallow water equations, infinite dimensional perturbatieeory, stabilization, mul-
tivariable internal model boundary control, hyperbolicl2D

This paper deals with the regulation problem of irrigatidrarnels with a mono or multi-
objective control. The control problem is stated as a bogndantrol of hyperbolic Saint-
Venant Partial Differential Equations (pde) [4] (Fig. 30.1

Regulation is done around an equilibrium state and spatipeddency of the operator pa-
rameters is taken into account in the linearized model. iBusvstability results have been
generalized using perturbation theory in infinite dimenaldHilbert space, including more
general hyperbolic systems [2], [1], which can be written as

0l(t) = Ag(x)E(t), z€, t>0 (39.1)
F&(t) = Bpu(t), onT =09Q,t >0 (39.2)
§(z,0) = &olx) (39.3)

where A;(z) = A.(x)0, + Be(x) is an hyperbolic operator, anb,(§) = Fyp&(0,t) +
Fré(L,t). Results from [3] works, show that the abstract boundarytrobsystem (39.1)-
(39.3) has a solution that exists and belongdX4,) if A, is a closed, densely defined
operator, and generates g-§8emigroup. The last assumptions on the operdtpare real-
ized under the following hypothesis:
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a) Be(x) is Ac(x)0,-bounded withh < 1 on a Hilbert spaceb(< 1/2 for a Banach),
andB.(z) is densely defined,

b) —A.(0)Fy — Ae(L)Fy, is invertible,

c) A, is invertible, densely defined ant} ! is bounded.
The semigroup generated is exponentially stable if

i) Be(x) is semi-definite negative, i) 0 € p(A(x)) = p(Ac(x)0y + Be(x)).
The Internal Model Boundary Control (IMBC) (Fig. 3) used imligect approach allows to
make a control parameters synthesis by semigroup congeryabperties, like the exponen-
tial stability of the closed loop system.
Simulations using the data of a real river (namely the SarimbBzlgium, the Gighac chan-
nel in France using the software SIC of the CEMAGREF, Fig B®&d experimentations on
the Valence experimental micro-channel show that thisagmr should be suitable for more
realistic situations.
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Figure 39.1: Multireach in cascade Figure 3: IMBC structure
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Figure 39.2: Regulation of the downstream water levels af &ambre reaches and one
Gignac reach
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Abstract

In this paper we present an adaptive control for a non linesdrilduted parameter
exothermic chemical reaction in tubular reactor, this oater is presented with partial
measurement. It is shown that under suitable conditionherifferent parameter of
the system, we can derive the temperature to a ball with peeic radius centred at
pre-specific a profile of the temperature.

Keywords

Adaptive control, exothermic chemical reactiontracking.

40.1 Introduction

The dynamics of a nonisothermal tubular reactor with axspersion are described by non-
linear partial differential equations which can be transfed within the framework of the
semi-linear systems as follows [1]:

@1(t) = Aiwi(t) + af (21(t), 22(t) + u(t) (40.1)
da(t) = —Ag(zh' — xa(t)) — f(@1(t), (1)) (40.2)
Where the operatorAl and A, are:
Az = Dyt d2 vdz kox and Asx = D2 vdz forx € H=L*0,L)
With: D(A ) ={zeH: z,% areac,jg eH D;%(0) — vz(0) = 0, %(L) = 0}
The physical con3|derat|ons lead us to assumethatconstrained so that there exisand
u With 0 < uw < wu such that: u < u(t) <.

Recently, a constrained adaptive control scheme has bgetoded with the objective to reg-
ulate the temperature of exothermic tubular reactors indeaitred at the temperature profile
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x* and of arbitrary prescribed radids > 0 [1]. The implementation of this controller re-
quires measurement of the reactor temperature over ttre gpticial domain which presents
a practical limitation in the case of the large reactor. Terogme this limitation we suppose
in this work that we can measure the temperature reactomjaszonef2 C [0, L], with L is
the reactor length.

For this raison, pu€’ = 1g(z) ande(t)(.) = C(.)(z*(.) — z1(t)(.)) = C(.)e(t).

The proposed controller is calledtracker is given by

u(t) = satp,q(B(t)e(t) +u*) (40.3)
o L (EOOI-N T 0] > )
r=n g REOIIE “04)

40.2 Main result

We consider the following assumptions:

e (H,) the positif cone H™T x HT is positively invariant under (40.1)- (40.2) for all
nonnegative contrak(.).

e (Hy) Forz* > OthereexisO < z < T, p > 0: such that for0 < z; < 7 and
0 < xp < i

g—i—pgkoxl—och_(ml,xg)—flx* <ux—p<uU—p
Dld (;2;:13 ) _Ud(:vd;:c ) <0

* d2z* dz*
Where Ax* = Dy B VG

o (H3) 0<A<Z—z% 0<z<z*<T
In this work we consider locak-control in the sense that the initial temperatusg0) is
constrained to be in the sét; = {z; € H/ 0 < z; < T}, we define also the set, =
{29 € H/O < 29 < 2
Theorem 40.2.1.Assume thatH;), (H>) and (Hs) hold, and(2?,29) € A; x Ay and
f-u

u- —

suppose: B(0) > ——
X xr

the closed loop system given —by equations (40.1)-(40.2uajiden by (40.3) has the follow-
ing properties:

[ ] 1‘1(),.%'2(),6() : RZO — Al X AQ X RZO

e lim; ., 3(t) exists and is finite.

o limsup, . [l6(t)] < A

— kA2

and if mes(Q2 =[0,L]\Q2) =0 < with £ < 1,

T—Tx* ||
then:limsup, _, [le(®)| < A
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10.40-11.15| Scheduling of sensor network for detection of moving inélud M. Demetriou
11.15-11.50 Switched Pritchard-Salamon systems with applications
to moving actuators O. Iftime
11.50-14.00 Lunch
Control of DPS: A tribute to Frank M. Callier R. Curtain
14.00-14.35 The motion planning problem and exponential
stabilization of a heavy chain P. Grabowski
14.35-15.10| A historical journey through the internal stabilizatioroplem | A. Quadrat
15.10-15.40 Coffee/Tea break
15.40-16.15] Approximate tracking for stable infinite-dimensional €yat
using sampled-data tuning regulators H. Logemann
16.15-16.50, Problems of robust regulation in infinite-dimensional g§sg S. Pohjolainen
16.50-17.05 A tribute to Frank M. Callier J. Winkin
17.05-19.00 Belgian beer and cheese party
Wednesday
Neutral systems F. Callier
Time Title Speaker
9.00-9.35 Stabilization of fractional delay systems of
neutral type with single delay C. Bonnet
9.35-10.10 Stability and computation of roots in delayed
systems of neutral type M. Peet
10.10-10.40 Coffee/Tea break
10.40-11.15 What can regular linear systems do for neutral equations? S. Hadd
11.15-11.50, On controllabilty and stabilizability of linear neutralpg systemg R. Rabah
11.50-12.25 Coprime factorization for irrational functions M. Opmeer
12.25-14.00 Lunch
Free/Hike
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Thursday
Energy methods M. Tucsnak
Time Speaker Title
9.00-9.35 | Aclass of passive time-varying well-posed linear system&. Schnaubelt
9.35-10.10 Lyapunov control of a particle in
a finite quantum potential well M. Mirrahimi
10.10-10.40 Coffee/Tea break
10.40-11.15 Past, future, and full behaviors of
passive state/signal systems O. Staffans
11.15-11.50 Strong Stabilization of almost passive systems R. Curtain
11.50-14.00 Lunch
Controllability, observability, stabilizability, well- posedness O. Staffans
14.00-14.35 Lure feedback systems with both unbounded control
and observation: well-posedness and stability
using nonlinear semigroups F. Callier
14.35-15.10 A sharp geometric condition for the exponential
stabilizability of a square plate by moment feedbacks onlyK. Ammari
15.10-15.40 Coffe/Tea break
15.40-16.15 Fast and strongly localized observation for
the Schrodinger equation M. Tucsnak
16.15-16.50 Exact controllability of Schrodinger type systems G. Weiss
16.50-17.25| Controllability of the nonlinear Korteweg-de Vries equati
for critical spatial lengths E. Crépeau
19.00-24.00 Conference dinner
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Friday
Properties of linear systems B. Jacob
Time Title Speaker
9.00-9.35 Well-posedness and regularity of hyperbolic systems H. Zwart
9.35-10.10 Casimir functions and interconnection of
boundary port Hamiltonian systems Y. Le Gorrec
10.10-10.40 Coffee/Tea break
10.40-11.15 Compactness of the difference between two
thermoelastic semigroups L. Maniar
11.15-11.50 On nonexistence of maximal asymptotics for certain
linear equations in Banach space G. Sklyar
11.50-13.30 Lunch
Non-linear p.d.e.’s, theory and applications M. Demetriou
13.30-14.05 A biologically inspired synchronization of lumped
parameter oscillators through a distributed parametenredia E. Jonckheerg
14.05-14.40 Boundary control of a channel in presence of
small perturbations: a Riemann approach V. Dos Santos
15.40-15.00 Coffee/Tea break
15.00-15.35 Boundary control of a channel:
internal model boundary control Y. Touré
15.35-16.10 Constrained adaptive control for a nonlinear
distributed parameter tubular reactor D. Dochain
16.10-16.30 Farewell
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