;Lé_“u’d")h.\“.) gﬂ-’i." &mr&.ﬂ.ﬂ‘é

Stabilization of a class of delayed
ST non-homogeneous semilinear systems via

l ’ F multiplicative feedback control

JOint work with Azzedine Tsouli*, Ikram El Haskouki* 5TH WORKSHOP ON STABILITY

AND CONTROL OF INFINITE-

Tayeb Larhmaid:l DIMENSIONAL SYSTEMS

SCINDIS

LAIMCE Laboratory, ENSAM Casablanca, Hassan Il University of Casablanca, Morocco

Problem Statement & Infinite-Dimensional Setting

We consider a non-homogeneous semilinear distributed-delay system in a Hilbert space ‘H endowed (d_ZS 0 — AS(4 OB (25 + d £ 0
with the inner product (-, -y and associated norm || - ||, given by: q dt (£) = Asz(t) + eult)(B™(z) + d), s (9)
dz L Zs<t> — ¢S<t>7 t € [_7_7 0]7
—(t) = Az(t) + o(t)(B(zt) + d), t >0,
dt( ) (£) + o(t)(Blat) +d) (1) with z = 2% 4 2°, the feedback control law g, (t) is given by:
'Z(t) — ¢<t>7 t € [_7-7 O} <BU(Z%L) +d, Zu(t)>
Qu<t) — — M fe(z%“) 1[7_#_00)@), \vas = O, (10)
» ¢ = C(|—r,0],H) the space of continuous functions, equipped with the supremum norm 5
H¢H% = sup ||¢<S>H where fe(zt“) = (HBU(Z’?)H + HdUH + 6) and W, € > 0,d = du + dS
7 <s<0 | | | t Theorem 3 (5 = 1)
» (77): The unbounded linear operator A : D(A) C H — H generates a contraction semigroup S* on
H. Let A generates a Cy-semigroup St and assume that () — (¢,) hold. Then, system (1) is exponentially
» (J5). B: % — Hisanonlinear locally Lipschitz operator satisfying B(0) = 0. stabilized by the feedback control low (10) for all i € (0, \/%7). More precisely, there exist two con-
» Thehistory function z; € € of the state trajectory z(t) € H is defined by stants C' > 0 and ¢ > 0 such that
2(s) = z(t+5), Vse[—r,0]. 1z(t)|| < Ce %Y|¢|l, VE=0. (11)

» o(t) € Risascalar multiplicative feedback control, d € H.

Feedback Design, Well-Posedness & Fundamental Estimate Theorem 4 (5 € (1,2))

Let A generates a Cy-semigroup St and assume that () — (¢4,) hold. Then, there exists py > 0 such
» Energy Dissipative Feedback: To guarantee that the energy t — E(t) = ||2(t)||? is non-increasing that for all u € (0, ug), the feedback control low (10) polynomially stabilizes system (1). Moreover, we
along trajectories, we introduce the feedback control law: have

(B(zt) +d, (1))

|z(8)|| = O (tﬂﬁlﬂ> ast — +00.
o(t) = —p
fe(zt)

1, oo)), V20, (2)

where fo(z) == (|[B(z¢)| + ||d|| + €)? and 117 +0) Stands for the characteristic function of the interval

T, +00), i, € > 0, which ensures the following dissipation inequality: _
t : 1 D wave equation
B d
=01 )? < 2 [ LEELEHD 45 vo < i < oo 3
S

fE(ZJ>

» Consider anonhomogeneous wave equation with delay on the spatial domainI" = (0, 1):

Theorem 1 0
(. 1) = Yol 1) + olt) <|y<.,t>§2®y<x,t 24k [yt dss 9@)) (1) €T x (0,+00),
The system (1) under the feedback control (2) is globally well posed in C([—7, +o0), H). Moreover, the —
following estimate holds: (with Dirichlet boundary conditions z = 0 on 9I' x (0, +00), and initial history & = (&1, ®5) on [—2, 0]).
1
T +T 2 2 : .
/ (B(STH 2(8)) + d, S72(t)|do < Cs (/ \(B(za>ﬂzzd,)z(a>>\ da) | (4) » First-Order Formulation:
T t E\~0

Defining the state z = (y,9) ' € H = H(T)
constanttermd = (0,6) ', generator A = (

¢ = (¢1,02) " by:

0
e 0= (i )

» Observability Assumption: ThereexistT > 7and ¢ > 0 such thatforall ¢ € H:

LA(I"), the model is recast in the abstract form (1) with

), and delay operator B : C(|—4,0]; H) — H defined for

forany T > 7,where Cy := (1 + 2uT)VT (Ly| ¢l + ||d|| + €).

O~ X

0
A

where § > 1and k > 0. The skew-adjoint operator A generates anisometry semigroup S(t). For a state

/T (B0 - d St dt > 58Tl - 2= (Y Bjej, > imBjei) | with (85, 8;) € R? and eigenbasis ¢, (z) = v/2sin(jmx), its action s:
T | B | _ = Bjcos(jmt) + B sin(jmt) ) |
where g > 1. e 3221 <_5jj7T sin(jmt) + Bjjm cos(jmt) pile), Ve 20
Theorem 2

Figure 1. State norm evolution

Assuming hypotheses (7] — 74) and the observability condition (5) hold, the decay rate of system (1)

depends on the parameter 5 > 1 and the control gain i > 0. More precisely: ” A
If B = 1,system (1) is exponentially stable under the feedback control law (2), which means there exist 20F
constants M > 1and o > 0 such that:
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If 6 > 1, system (1) is polynomially stable with the decay rate: timo(t)

o Fctive Control

for pu € (O

@]

I
lz(¢)]| = O (t 2(51)> ast — 400, (6) » Assumptions (77 ) and (743) are satisfied and and inequality (5) with T = 8 holds for all § > 3.
Therefore, the estimate (6) stated in Theorem 2 holds.
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