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Paradigme de la d«ecomposition atomique

x =
K!

i=1

ci ai , ci $ 0, ai % A

Norme atomique

" x" A = inf { t > 0 : x %t conv(A)}

= inf

"
!

a!A

ca : x =
!

a!A

caa

#

A =
$%

1
0

&
,
%
0
1

&
,
%
! 1
0

&
,
%

0
! 1

&'

" x" A = " x" 1

(Chandrasekaran et coll., 2010)
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Application : super-r«esolution dÕimpulsions 1-D

x =
K!

i=1

ci " t i , ci $ 0, t i $ 0

Minimisation (r«egularisation convexe)

arg min
x

1
2

" y ! Ax" 2 + ! " x" TV

R«ef«erence :(Candès et Fernandez-Granda, 2012)
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x =
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ci a(fi ), ci $ 0, a(fi ) % A

A =
(

a(f ) %CN
)

, [a(f )]n = ej2! fn
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Exemple (R«egulariseur)

R(x) = "# x" 2
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Mod«elisation des droites

x# : (t1, t2) %P &'
K!

k=1

#k"
*
cos$k(t1 ! %k) + sin $k t2

+

b#[n1, n2] = ( x# ( &)(n1, n2)

t2

t1

!

"

x!

t2

t1

n2

n1

x! ( ! b!
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Mod«elisation des droites

öx#[m, n2] = ( F1x#)[m, n2] =
K!

k=1

ckej2!
!

tan ! k
W n2+

" k
W

"
m

öb#[m, :] = ( ög[m]öx#[m, :]) ( h ' Aöx# = öb#

= ! 1 + ! 2 + ! 3

= ! 1 + ! 2 + ! 3

ck = # k
cos! k

" 0
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«Etapes de reconstruction

F
1

+
!

F
!

1
1

+
!

! !

+!

M

A D

x! b! b! + masque

öx ! Aöx ! y

H
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W
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D«ecomposition atomique desligneset colonnes

öx#[m, n2] =
K!

k=1

ckej2!
!

tan ! k
W n2+

" k
W

"
m

1 l #
n2

=
, K

k=1 cka(fn2,k , 0) (lignes deöx, sans phase)

2 t #
m =

, K
k=1 cka(fm,k , &m,k )T (colonnes deöx, avec phase)
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D«ecomposition atomique dÕune droite (K = 1)

öx#[m, n2] = c1ej2! ( tan ! 1
W n2+ " 1

W )m

1 l #
n2

= c1a(fn2,1, 0) (un atomesans phase)
2 t #

m = c1a(fm,1, &m,1)T (un atomeavec phase)

! a(f n 2 ,1)

a(f m, 1, ! m, 1)
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Normes atomiques

öx#[m, n2] =
K!

k=1

ckej2!
!

tan ! k
W n2+

" k
W

"
m, c%=

K!

k=1

ck

1 l #
n2

=
, K

k=1 cka(fn2,k , 0) (lignes deöx, sans phase)

2 t #
m =

, K
k=1 cka(fm,k , &m,k )T (colonnes deöx, avec phase)

Norme atomique :

" z" A = inf
c!

k ,f !
k ,$!

k

"
!

k

c#
k : z =

!

k

c#
ka(f #

k , &#
k )

#
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Normes atomiques

1 l #
n2

=
, K

k=1 cka(fn2,k , 0)

'' T M +1 (l #
n2

) ! 0 + de rangK (Carath«eodory, 1907)

'' " l #
n2

" A =
, K

k=1 ck = öx#[0, n2]

2 t #
m =

, K
k=1 cka(fm,k , &m,k )T (Tang et coll., 2013)

" t #
m" A = inf

q! CN ,t ! R

$
1
2

Tr (T N(q)) +
1
2

t :
-

T N(q) t #
m

t #
m

$ t

.
! 0

'
.
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1 l #
n2

=
, K

k=1 cka(fn2,k , 0)

'' T M +1 (l #
n2

) ! 0 + de rangK (Carath«eodory, 1907)

'' " l #
n2

" A =
, K

k=1 ck = öx#[0, n2] = c%

2 t #
m =

, K
k=1 cka(fm,k , &m,k )T (Polisano et coll., 2016)

" t #
m" A = min

q! CN

$
q0 :

-
T N(q) t #

m

t #
m

$ q0

.

/ 01 2
T !

N (t %
m,q)

! 0
'

) SDP(t #
m) ,

'' " t #
m" A = SDP(t #

m) = qm[0] " c%
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öx#[m, n2] =
K!

k=1

ckej2!
!

tan ! k
W n2+

" k
W

"
m, c%=

K!

k=1

ck

1 l #
n2

=
, K

k=1 cka(fn2,k , 0) (lignes deöx, sans phase)

2 t #
m =

, K
k=1 cka(fm,k , &m,k )T (colonnes deöx, avec phase)

Caract«erisation (convexe) desK droites par la norme atomique

1 " l #
n2

" A = c%= öx#[0, n2] et T M +1 (l #
n2

) ! 0
2 " t #

m" A = SDP(t #
m) = qm[0] " c%, T #

HS
(t #

m, qm) ! 0
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Principe de super-r«esolution
Mod«elisation des lignes di!ract«ees et problème inverse
Minimisation convexe et estimation des paramètres

Problème dÕoptimisation convexe

Proposition (Minimisation convexe)

÷x %arg min
öx,q!X %Q

1
2

" Aöx ! öy" 2 ,

sous contraintes

3
444445

444446

* n2 = 0, ...,HS ! 1, * m = 0, ...,M ,

öx[0, n2] = öx[0, 0] " c ,

q[m, 0] " c ,

T #
HS

(öx[m, :], q[m, :]) ! 0 ,

T M +1 (öx[:, n2]) ! 0 .
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Mod«elisation et synthèse de textures orient«ees contröolables
Analyse de lÕorientation des champs al«eatoires anisotropes

Super-r«esolution de lignes 2-D di!ract«ees et bruit«ees

Principe de super-r«esolution
Mod«elisation des lignes di!ract«ees et problème inverse
Minimisation convexe et estimation des paramètres
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3
444445

444446
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q[m, 0] " c ,

T #
HS

(öx[m, :], q[m, :]) ! 0 ,

T M +1 (öx[:, n2]) ! 0 .

÷X = arg min
X!H

"

F(X) + G(X) +
Q& 1!

i=0

Hi (Li (X))

#(Chambolle et Pock, 2010)
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Mod«elisation des lignes di!ract«ees et problème inverse
Minimisation convexe et estimation des paramètres

Problème dÕoptimisation convexe

Proposition (Minimisation convexe)
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öx,q!X %Q
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* n2 = 0, ...,HS ! 1, * m = 0, ...,M ,

öx[0, n2] = öx[0, 0] " c ,

q[m, 0] " c ,
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(öx[m, :], q[m, :]) ! 0 ,
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÷X = arg min
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Q& 1!

i=0

Hi (Li (X))
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Problème dÕoptimisation convexe

Proposition (Minimisation convexe)

÷x %arg min
öx,q!X %Q

1
2

" Aöx ! öy" 2 ,

sous contraintes

3
444445

444446

* n2 = 0, ...,HS ! 1, * m = 0, ...,M ,

öx[0, n2] = öx[0, 0] " c ,

q[m, 0] " c ,

T #
HS

(öx[m, :], q[m, :]) ! 0 ,

T M +1 (öx[:, n2]) ! 0 .

÷X = arg min
X!H

"

F(X) + G(X) +
Q& 1!

i=0

Hi (Li (X))

#(Chambolle et Pock, 2010)

K«evin Polisano Soutenance de thèse 37/42
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Table : Erreurs relatives de lÕestimation des paramètres des lignes

Exp«erience 1 Exp«erience 2 Exp«erience 3

! &/$ (10& 7, 3.10& 6, 7.10& 7) (10& 2, 6.10& 2, 9.10& 2) (6.10& 7, 9.10& 5, 8.10& 6)

! ' /# (10& 7, 10& 7, 10& 7) (10& 2, 9.10& 2, 2.10& 1) (4.10& 5, 2.10& 5, 2.10& 5)

! ( (4.10& 6, 7.10& 6, 7.10& 6) (5.10& 2, 4.10& 2, 3.10& 2) (5.10& 5, 10& 4, 3.10& 4)
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Mod«elisation et synthèse de textures orient«ees contröolables
Analyse de lÕorientation des champs al«eatoires anisotropes

Super-r«esolution de lignes 2-D di!ract«ees et bruit«ees

Principe de super-r«esolution
Mod«elisation des lignes di!ract«ees et problème inverse
Minimisation convexe et estimation des paramètres
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Lignes proches

Bruit«ee D«ebruit«ee Sans bruit D«etection
Lignes multiples

Bruit«ee D«ebruit«ee Sans bruit D«etection
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Masquage iter = 2000 iter = 10000 iter ' +
Inpainting en Fourier

Masquage iter = 2000 iter = 10000 iter ' +
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