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Let f:IR? — IR be a given image, f € L%(IR?)

Standard degradation model: f=u+ v
u IS the true original image
v is additive noise (or texture), with [v =0

Rudin-Osher-Fatemi restoration model (ROF)
(total variation minimization, 1992):

Jinf F(u) = [ [Vul+ [ |f - u’dedy

A > 0 is a parameter

Let v:=f—wuwor f=u-+wv. Then (ROF):

Jinf {F(w) = [ |Vul +Alo]32 £ =u+wv)

ROF model: very efficient to denoise images
while preserving edges

Minimizer v € BV (allows for discontinuities
along curves)



Def. u € BV(IR?) iff uw € L1(IR?) and

TV (u) = SLlp{/udivg’: ge CrUR?; IR?),|3) < 1} < oo.
g

The minimizer u in the (ROF) model is a car-
toon or sketchy approximation of f

Residual v := f — u (noise or texture):

1
Ian(u)=> v —f—u———d V(|§u|

e The ROF model (and others like Mumford-
Shah, Perona-Malik) cannot represent well tex-
tures.

e T he texture is treated like noise and removed
from f.

e Only a cartoon representation u of f is kept.
o If f = x4k, uw iS NOt always f (Y. Meyer)



Framework to extract both v € BV and v as
an oscillating function (texture or noise) from
f (following Yves Meyer, AMS 2002)

v € dual of BV in L2, with a better norm:

Def. G = Banach space of functions

0 9]
v(z,y) = —g1(z,y)+—g2(x,v), 91,92 € LCIR?)
ox oy
Norm:
Jo]s = inf a2+ 63l

G=(91,92)€(L>®)?, v=divg

(Y. Meyer) If v = texture or noise, then v € G

nf{E) = [ [Vul + Aol f=u+0v}

|v]|« distinguishes between textures (very im-
portant; other techniques using Gabor trans-
form are computationally more expensive).
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Our contribution: propose a simple practical
algorithm for solving this new model.
Using:

2 2 BT 2 2
IVo? + g3l = Jim I1Vg? + 63lLo

The proposed algorithm:

inf Gp(u, §) = /|Vu| -|—>\/|f—u—div§’|2d:1;dy
u,g

+u[/ (Vo2 + g3)Pdzdy]?

A, 1> 0 are tuning parameters, and p — oo.

- First term insures that w € BV (IR?)
- Second term insures that f =~ u 4 divg
- Third term is a penalty on ||v]|«

If A\ > o0 and p — oo, this model formally ap-
proximates the model proposed by Y. Meyer.
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The Euler-Lagrange equations:
Formally minimizing the energy with respect

to v and g = (91, 92):

p=1
1
u = f—0zg1 —Oygo+ —d'V(ﬁ)
u% = 2>\[—(u — f) + 02,91 + 92,921
g2
g = 2>\[—(u — )+ 92,91 + 97,92]
p > 1:
1
u = f—0z01 —3::/92-|-—0|'V(|V |
—»p_2
IgllllIQI T = 2>\[—(u — ) + 92,91 + 02,92]
gllip
—1p—2
|g”21|g| T = 2>\[—(u — )+ 92,91 + 97,92]
gllip




Numerical Results
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Texture discrimination:
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Future directions:

e Apply the same technique to an image seg-
mentation model (Mumford and Shah)

e Use the function § = (g1, g») for texture clas-
sification, discrimination and segmentation

e Applications to image inpainting (M. Bertalmio,
G. Sapiro, et al.)

e Other formulations of the model can be pro-
posed (work in progress):

1) Exact decomposition f = u+v (energy func-
tion of § only, but yields a fourth order PDE)

2) Write: §= VP + @, with divQ =0
= v = divg = AP (with Osher and Solé)
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