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Settings of the problem

Let © c RY, d € N*, be a bounded and open domain with smooth
boundary 00 =T UT5.
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Settings of the problem

Let © c RY, d € N*, be a bounded and open domain with smooth
boundary 00 =T UT5.

%pzAp—i—f(x,p), t>0, xe O,
p=0on (0,00) x I, %szon (0,00) x Iy, (1)

p(0) = po.
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Settings of the problem

Let © c RY, d € N*, be a bounded and open domain with smooth
boundary 00 =T UT5.

%pzAp—i—f(x,p), t>0, xe O,
p=0on (0,00) x I, %szon (0,00) x Iy, (1)

p(0) = po-
With f,f, € C(O x R);
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Settings of the problem

Let © c RY, d € N*, be a bounded and open domain with smooth
boundary 00 =T UT5.

%pzAp—i—f(x,p), t>0, xe O,
p=0on (0,00) x Iy, %szon (0,00) x Iy, (1)

p(0) = po.

With f,f, € C(O x R);
n the unit outward normal on the boundary I;.
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Settings of the problem

Let pe € C2(O) be a stationary solution for (1)

lonut Munteanu (University "Al. |. Cuza”, la: Proportional feedbacks



Settings of the problem

Let pe € C%(O) be a stationary solution for (1), i.e.,

0
Ape + f(x,pe) =0in O; pe=20o0n Fl,ape =0on T,
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Settings of the problem

Find a feedback u = u(p)
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Settings of the problem

Find a feedback u = u(p) such that the solution p to
%p: Ap+ f(x,p), t>0, x €O,
p=uon (0,00) x Iy, a%szon (0,00) x Iy, (2)

p(0) = po,

satisfies
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Settings of the problem

Find a feedback u = u(p) such that the solution p to

%p:Ap—i-f(x,p), t>0, xe€O,

p=uon (0,00) x Iy, a%szon (0,00) x Iy, (2)
p(O) = Po,
satisfies
/|ptx Pe(x )|dx<Ce“t/|p (x)[2dx, Yt >0,
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Settings of the problem

Find a feedback u = u(p) such that the solution p to

%p:Ap—i-f(x,p), t>0, xe€O,

p=uon (0,00) x Iy, a%szon (0,00) x Iy, (2)
p(O) = Po,
satisfies
/|ptx Pe(x )|dx<Ce“t/|p (x)[2dx, Yt >0,

with constants C, ;x> 0 and p, in some set.

Proportional feedbacks
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The existing literature on this subject

@ spectral decomposition and Riccati theory
R. Triggiani, Boundary feedback stabilization of parabolic equations,
Appl. Math. Optimiz. 1980;
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The existing literature on this subject

@ spectral decomposition and Riccati theory
R. Triggiani, Boundary feedback stabilization of parabolic equations,
Appl. Math. Optimiz. 1980;

@ backstepping
A.Balogh, M.Krstic,Infinite dimensional backstepping-style feedback
transformations for a heat equation with an arbitrary level of
instability, Eur. J. Control 2002;
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The existing literature on this subject

@ spectral decomposition and Riccati theory
R. Triggiani, Boundary feedback stabilization of parabolic equations,
Appl. Math. Optimiz. 1980;

@ backstepping
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instability, Eur. J. Control 2002;

@ proportional type feedbacks

e V. Fursikov, A. Gorshkov, Certain questions of feedback stabilization
for Navier-Stokes equations, Evol. Equations Control Theory 2012;
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Navier-Stokes equations with tangential action of feedback
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The stabilizing feedback

We denote by a(x) = fp(x, pe) and by y = p — pe.
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The stabilizing feedback

We denote by a(x) = fp(x, pe) and by y = p — pe.
%y:ijLa(x)y, t>0, xeO,
y =uon (0,00) x I'q, a%y:Oon (0,00) x Iy, (3)

y(0) = yo.
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The stabilizing feedback

Set
Ay = Ay + a(x)y, Yy € D(A),
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The stabilizing feedback

Set
Ay = Ay + a(x)y, Yy € D(A),

D(A) = {y € H2(O), y = 0 on rl, %y =0 on r2} .
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The stabilizing feedback

Set
Ay = Ay + a(x)y, Yy € D(A),

D(A) = {y € H2(O), y = 0 on rl, %y =0 on r2} .

Its eigenvalues {\;}72; and its corresponding eigenfunctions {¢;}:2;.
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The stabilizing feedback

Set
Ay = Ay + a(x)y, Yy € D(A),

D(A) = {y € H2(O), y = 0 on rl, %y =0 on r2} .

Its eigenvalues {\;}72; and its corresponding eigenfunctions {¢;}:2;.
There exists N € N such that

Ai>0fori=1,...,Nand \; <O0fori>N+1.
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The stabilizing feedback

Denote by B the Gram matrix of the system {%qﬁ;};\lzl in the Hilbert
space L2(Iq).
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The stabilizing feedback

Denote by B the Gram matrix of the system {%qﬁ;};\lzl in the Hilbert
space L2(Iq).
V. Barbu showed that the feedback

(v, o1) pi1 21
u=rn <B—1 (v, ®2) , 12 5= >
<.y7 ¢N> HN@C%(bN N
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The stabilizing feedback

Denote by B the Gram matrix of the system {%qﬁ;};\lzl in the Hilbert
space L2(Iq).
V. Barbu showed that the feedback

(v, o1) pi1 21
u=rn <B—1 (v, ®2) , 12 5= >
<.y7 ¢N> HN@C%(bN N

assures the stability
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The stabilizing feedback

Denote by B the Gram matrix of the system {%qﬁ;};\lzl in the Hilbert
space L2(Iq).

V. Barbu showed that the feedback

(ys 1) pi1 21
u=rn <B—1 (v, ®2) , 12 5= >
<.y7 ¢N> HN@C%(bN N

. . N oL
assures the stability provided that the system {%d)i}i:l is linearly

independent.
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Via spectral decomposition, the first N modes of the solution y satisfy the
following diagonal system
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Via spectral decomposition, the first N modes of the solution y satisfy the
following diagonal system

9 (k= X)Ai+kn
(v, ¢j) + PR v—

= =1,...,N.
Bt <y7¢J> 07 J ’ ’
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Via spectral decomposition, the first N modes of the solution y satisfy the
following diagonal system

0 —(k = X)Aj + kn ,
il A = =1,..,N.
at <.y7 ¢J> k )\J _77 <y7 ¢J> 07 J I 9

So, for n large
—(k = X))\ + kn
>
k—=Aj—mn

0.
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Dropping the linear independence hypothesis

Simple eigenvalues:

0< Ay < Ap_1 < ..o < A1
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Dropping the linear independence hypothesis

Simple eigenvalues:

0< Ay < Ap_1 < ..o < A1

Let v1, ..., vn, N positive constants sufficiently large such that

A< <72 <...<YN.
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Dropping the linear independence hypothesis

Simple eigenvalues:

0< Ay < Ap_1 < ..o < A1

Let v1, ..., vn, N positive constants sufficiently large such that

A< <72 <...<YN.

Let the matrices

1
O 0
M| FE D ket @
1
0 0 Yk—AN
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Dropping the linear independence hypothesis

Simple eigenvalues:

0< Ay < Ap_1 < ..o < A1

Let v1, ..., vn, N positive constants sufficiently large such that

A< <72 <...<YN.

Let the matrices
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Dropping the linear independence hypothesis

Instead of considering the Gram matrix B, we set

Bi=NMA,BA,, k=1,.. N.
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Dropping the linear independence hypothesis

Instead of considering the Gram matrix B, we set
Bk =N,BA,,, k=1,..,N.

and define
A= (Bi+By+ ..+ By) L.
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Dropping the linear independence hypothesis

Instead of considering the Gram matrix B, we set

Bi = Ay BA,,, k=1,..,N.

*9

and define
A= (Bi+By+..+By) !

Then, the stabilizing feedback is

(y:91) é,¢1(X)
—</\5A (y, ¢2) , 7 92(x) >

<y, ¢N> a%¢N(X)
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The non-singularity of the sum By + ... + By.

21

22

Assume that there is z = € RN, nonzero, such that

zZN
(Bl 4+ ...+ BN)Z =0.
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The non-singularity of the sum By + ... + By.

Assume that there is z = € RN, nonzero, such that

4
(B1 + ... + Bn)z = 0.1t follows that

N
Z Bkz,z), =0.
k=1
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The non-singularity of the sum By + ... + By.

Assume that there is z = € RN, nonzero, such that

4
(B1 + ... + Bn)z = 0.1t follows that

N
Z Bkz,z), =0.
k=1

It yields the homogeneous system

N

> i L9 4x=0,vi<k<N.
P )\8
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The non-singularity of the sum By + ... + By.

The determinant of the matrix of the system is

1
" 1,\1 3V¢1(X)
Ya—A1 3V¢1(X)

’YN1>\1 3V¢1( )
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" 1,\2 3V¢2( )
~2 1)\2 3V¢2(X)

’YN1>\2 3V¢2( )

m IAN 6V¢N( x)
72,1)\,\, 3,,¢N(X)

A/Nl)\N 3V¢N( )

Proportional feedbacks

1 1 1
—A —A\ -

st 1 1 it 1 2 st 1 N

T2—AL A2 M2TAN | £0, ae x €T,
1 1 1

IN=AL YN—A2 IN—AN



Sketch of the proof

N
Ze=-mZ+) (1 —WBLAZ, t>0; 2(0) = Z,. (5)
k=2
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Sketch of the proof

N
Zr=-mnZ+ Z(’n —v%)BKkAZ, t > 0; Z(0) = Z,. (5)
k=2
1d, 1 1 N
5 g A2Z@IN = —nlAZ(0)[F + > (=) (BKAZ(t), AZ(t))
k=2

(6)
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Sketch of the proof

N
Zr=-mnZ+ Z(’n —v%)BKkAZ, t > 0; Z(0) = Z,. (5)
k=2
1d 1 2 1 2 i
5 A22(0)l = —mlA22(t)][w + D (1 =) (BLAZ(1), AZ(t))
k=2
(6)
1d, 1 2 1 2
57220y = —mlA2Z(t)lly, t =0 (7)
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Sketch of the proof

N
Zr=-mnZ+ Z(’n —v%)BKkAZ, t > 0; Z(0) = Z,. (5)
k=2
1d 1 2 1 2 i
5 A22(0)l = —mlA22(t)][w + D (1 =) (BLAZ(1), AZ(t))
k=2
(6)
1d, 1 2 1 2
57220y = —mlA2Z(t)lly, t =0 (7)

To appear in International Journal of Control
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Applications

@ MHD in a 2-D periodic channel
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Applications

@ MHD in a 2-D periodic channel
I. M., Boundary stabilization of a 2-D periodic MHD channel flow, by
proportional feedbacks, to appear in ESAIM:COCV 2016.
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Applications

@ MHD in a 2-D periodic channel
I. M., Boundary stabilization of a 2-D periodic MHD channel flow, by
proportional feedbacks, to appear in ESAIM:COCV 2016.

@ phase field equations
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Applications

@ MHD in a 2-D periodic channel
I. M., Boundary stabilization of a 2-D periodic MHD channel flow, by
proportional feedbacks, to appear in ESAIM:COCV 2016.

@ phase field equations
[. M., Boundary stabilization of the phase field system by
finite-dimensional feedback controllers, Journal of Mathematical
Analysis and Applications 2014
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@ MHD in a 2-D periodic channel
I. M., Boundary stabilization of a 2-D periodic MHD channel flow, by
proportional feedbacks, to appear in ESAIM:COCV 2016.

@ phase field equations
[. M., Boundary stabilization of the phase field system by
finite-dimensional feedback controllers, Journal of Mathematical
Analysis and Applications 2014

@ Navier-Stokes with memory
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