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Méthode de restauration d’image
avec un flou spatialement variant
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2 Space-varying PSF model
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Image restoration method within a frame-
work of a space-varying PSF

u2H
2
Juw= AW g 2+2 kruk,

>0

Q)



N
1 2 D
u2H
[
8
=u; (X) ifx2 r 5
u(x)=>u1(x)+u2(x) ifx2 1\ ,
~ Uy (X) ifx2 L,r ,
Uj Vi = fu 2 H; support (u) ig
12 f1; 29 1 1 2N 1
2 2 1N 2 D

u, = Ar Min J(u; +u
1 gu12V1=Trj 1U1=O ( ! 2)

Trj ,up =uqj , Uz 1

J() Uy [ Trj,u =

J(0)
U, 19

e J0



J ()

WP =Arg  Min I35 u+unud 10
u12Vi=Trj 1U1:0
30 2 2
J7 up +up; ug') =J(Ug+u)+ up ui') K u ug')
2 2

Uy, ug') 2Viiu 2V, J? up +uy; ug')

Uz

[ ()
Jf u, + Uu,; ugl) = kul Zlkg +2 kr (u1+u2)j ( 1)kl

z=ul+ B8 g Bu) /W [ ()
()
[ () uv2H

<KH@U;v> = < HHW;v>+< ,H,(u);v>

>
< 1:H;(u);v>= 1(X):(hy uw)X):v(x)
X2

X
= (hy u)(X): 1(x):v(x)

x2
= <H;(u); 1v>
= <u;H{ ( 1v) >

< B@);v >=< u;H; ( 1:v) +H,( 2v) >
B (v) = H (V) + Hy(2v) H, () H, ()
Hi (0) H2 (2)

uy=Arg _ Min  ku; z;ki+2 Kr(ui+up)j( 1)K

U12V1=T I’j 1U1=O



9 2V,

P

support( )=
u=(>0 Pk)(z+u ) uzandTrj ,u;, =0

k (U) = Arg I\V/Izkn ku vk,; foru2 H

K ]

2V
=(Trj,) Trj,(z:1a+P ( (z1+up))
©® 2 vy; support( )=
m 0 M 1
M) =(Trj ) Tri, zn+P x M  (z1+uy)
[]
Pk
19 ()
[]
35 () []
u 1
[
u
D uz



u® =62 + 6 egiu® =0; 4 =0

N L |
n 0 (N 1)
1
u§n+1;0) — Ugn)
| 0 (L 1)
(n+1;1+1) _ : s ().  (n+1)
= Ar Min J + ;
Ul ng_ZVl:TI!j lU]_:O 1 U1 uz U1
2

u§n+1;0) — bén)

i o 1

Li+1 . i
uMED = Arg Min 35 ol 4y uHED
Uu22Vo=Trj 2U2=O

Ung_l;L) + ugn+1;l) + u(n)

u(n"'l) —
( 2
1 ) 1
u§n+ ) — . .u§n+ )
(n+1) _ (n+1)
D) = u;
fai, 0 H
Trj, i=0 i=1;2

1+ 2 =1;



support (i) i

i=1;2;

Maxfk 1k, ; Kk 2k,g0<d

fai 20 H
(n) (n)
Bl n2N 62 n2N
u@® = gt +ylH
1 2
1 2 N L
u
u(n) u(n"'l)
19 ()
6 ()
J () D J H
C=>0 fuzH:J@u) Cg H
u(n)
n2N
u@
J () J(u) ¥ +1  kuk ¥ +71



12 Ker K
n o

Ker 8 = u2H: 8@u)=0

XX
9 (1) (x) = (1():hs(x O+ 2(X):h2(x 1))

t
P
khik, = jhi(®)j =
®h =1 i2fL2 t
i = | ;
t 9 ]

ROE)= 160+ 2()=1

19 1
(n)2
u n2N
J u™ >7J u™Dd . 8n2N um = y™+

lim u®™D M =90
ny 1 2
H(E)=h:
kHk, 1 h khk, =1

kHk, pﬁ n=~Card( )

kB k, 1 9
n o
k8 k,=max kH®K (u)k, suchthat kuk, 1

u H kuk, 1

KBk k@ )k :

1
kKR Uks P



h i
k8 (u)kei= r;r(12axj B X)]j k8 (u) ki=

maxj 1 (x):H1(u) () + 2 (x)Hz (U) (X) ]

kB (U) ke maxj 1 (j:jH1(U) (i +]J 2 (X)i:jH2 (U) (X)]

Hi;i = 1;2
1 1
kHik2 pﬁ kHikl pﬁ kHikl kHik2
. 1 _ 1
JH1 (u) (9] P and jHz (u) (X)j P 8x 2
[]
1 _ o .
kB (U ke Pz maxj 1 ()j+] 2(X)

1 O
KRk CAkE@U K maxj 1 +] 2 ()

kBky 1 j1(Xj+] (x)j=1;,8x2

4 Numerical results



128 128

]
1
3
4
]
1=1 =175 3=2;5 4 =325
]
]
=10 4
]
30
20
1:86 GHz
Imnand?20s
MSEU0) = ——(u6) 0
O = Card(y ,
u() 0(:)

60



= 2;125

Enery evohton wih ertions Jni WSE arorverus et
oors 03
o7 02
07
05
MSE
05
ooss
04
oos
03
o0ss 02
oo o1
o 0 « E] w o 0 E] E o

E3
Tteration

256 256

Tteration



= 5:10 3
2mn
[ ] [ ] [ ]
[ ]
= 2:125 |:|
[ ]
2
PSNR = 10Ioglom
24dB
[ 1[1]
[ 11
672 nm
9648 nm 9648 nm 4848 nm
1440 nm
3360 nm

ns = 1:45 ]



100X
n; =15

543 nm
600 Nnm




[ ] 4800 nm

101
101

100 120 140 160 180 200 80 100 120 140 160 180 200

20 40 60 80 100 120 140 160 180 200

100

80 100 120 140 160 180 200

4800 nm
4800 nm



3360 nm

1440 nm

33%




1440 nm
3360 nm

14 T T T T . r . . r
Ohject
Observation
12 Restoration with space non-invariant PSF H
— = " Restoration with space invariant PSF
1 4
Intensity
profiles
08+ =
06+ 4
04+ =
02t 4
0 -
] 10 100

Z direction



5 Conclusion






Acknowledgment



References









/<

Centre de recherche INRIA Sophia Antipolis — Méditerranée
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Centre de recherche INRIA Bordeaux — Sud Ouest : Domaine Universitaire - 351, cours de la Libération - 33405 Talence Cedex
Centre de recherche INRIA Grenoble — Rhone-Alpes : 655, avenue de 1’Europe - 38334 Montbonnot Saint-Ismier
Centre de recherche INRIA Lille — Nord Europe : Parc Scientifique de la Haute Borne - 40, avenue Halley - 59650 Villeneuve d’Ascq
Centre de recherche INRIA Nancy — Grand Est : LORIA, Technopdle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-1eés-Nancy Cedex
Centre de recherche INRIA Paris — Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex
Centre de recherche INRIA Rennes — Bretagne Atlantique : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex
Centre de recherche INRIA Saclay — fle-de-France : Parc Orsay Université - ZAC des Vignes : 4, rue Jacques Monod - 91893 Orsay Cedex

Editeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)

ISSN 0249-6399



	Introduction
	Space-varying PSF model
	Notations 
	Space-varying blur modeling

	Image restoration method within a framework of a space-varying PSF
	Overlapping domain strategy for energy minimization 
	Convergence of the proposed energy minimization method 

	Numerical results
	Test on a 2D synthetic image
	Test on a simulated 3D biological image
	Simulating the observation
	Object estimation


	Conclusion

