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1. FUNCTIiONAL FRAMEWORK

1.1 Functions of bounded variation

() open subset of R?.

e sup{ [ 1 av(o) 1 6 € CHOR), 9o S 1}

{f c L'(Q) | flBva) < +oo }
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1.2. Functions of second order bounded variation

BV(Q) = {f e W' (Q) | |flBv2() < +oo }

f|Bv2(q) = sup {/Q (Vf,div())ge | & € C2Q,R**?), |B]lc < 1}

div(¢) = (div(¢1),div(¢z)), with Vi, ¢; = (¢;,¢7) : @ — R?
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wHt(Q) c BV(Q) HY(Q) c BV?(Q)

f € BV?(Q) if and only if

8581 ? (9:132

f e WH(Q) and ( of  of ) c (BV(Q))2.

of

flBvz(a) < Z iy <n |flBv2(a)
| gk
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2. VARIATiONAL MODELJ

2.1 Rudin-Osher-Fatemi (ROF) model for denoising

, 1
PRO_F : min .FR(U) i )\”UJ’BV(Q) S §Hud o UH%2(Q)

ueBV (Q2)

Problem Pror has a unique solution
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2.1 Second order model
(for denoising and texture extraction)

[}
2

lug — UH%Q(Q)_I_(SHUHWUL(Q)

By T = Nelavaio +

Problem P2 has a unique solution
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3. NUMERiICAL METHODJS
3.1 ROF finite difference discretization

(vu)z’,j = ((vu)ig ) (Vu)ig) )

Uit1,5 — U j if ¢t < N
if § = IV,
if j <N
i g

(diV p)i,j e

| ) [] 189G
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3.1 ROF finite difference discretization

mf(L@o:

ue X

X =RYXY andV =X < X
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3.1 ROF finite difference discretization

Chambolle projection algorithm

The solution to the discretized problem is given by

u = uqg — Prg, (ug)

Ki={divg|geY, |giillrz <1Vij}
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3.1 ROF finite difference discretization Chambolle projection algorithm

min{|[Adiv p — f||5% | |piillre <1Vi,j=1,...,N}

p’ =0

S gRaS p?;j i (V (diV = f/)\))i,j

P;

14+ 7|[(V(div p" — FIA))i i IR

sl 1/8 — A\div pn — P)\Kl(f)
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3.2 ROF2 discretization

Vit1,5 — 2?]2',3' + Vi1, for 1 <1< N,
Vi+1,5 — Vi,j for ¢ = 1,
UVi—1,5 — VUi 4 for 1 = N,

Vi 41 — Vg5 — W, SR V—1; Mer 1l <i< N,
0 =y 1,
0 for i = N,

OER a0, | 0[] R ol
0 for ¢ = 1,

0 [OI—— 71V,

U 2”07;,3' + V5 51 for1 < j < N,

b e for j =1,

Vi j—1 — VUi 4 for ] =SV
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3.2 ROF2 discretization

, ug — v||3
min (Jz(v) | | d2)\ ||X>

> l(Hv)ijllrs

1<2,7<N

v =uqg — Pk, (uq)

K2 = {H*p| Hp’i,j R4 < ]., \V/Z,jzl,,N}
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3.2 ROF2 discretization

p’ =0

ne1 Doy — 7 (H[H™P" —ua/A]); ;
1+ 7| (H [H*p™ — ud/)‘])i,j [:2

P;

T<1/64 = AH™p" — Pk, (f)
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Number of
iterations

(b) 10 itérations

(d) 50 itérations (e) 100 itérations (f) 300 itérations

(g) 500 itérations (h) 1000 itérations (i) 3000 itérations




Influence
A




4. N\UMERICAL EXAMPLEJS

4.1 Denoising and staircasing effect

800







ROF

ROF2

19









4.2 Texture extraction
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S. ANiSJOTROPiIiC STRATEGY

5.1 Global strategy
Pixel (i,j)

N Hl 12
@, 5),=

H21 H22

E B 0 H12
=i 7 (7 QA= 2l 22

e No vertical contour any longer
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5.2 Local strategy
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5.2 Local strategy




5.2 Local strategy




5.2 Local strategy
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5.2 Local strategy

f” '’y
'/,-,/;, s

»
,f’
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4. ERAMPLES




4. EKAMPLEJ

e
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4. EKAMPLEJ
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4. EKRAMPLEJ
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Cartoon 100 iterations Texture

Without anisotropy strategy
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Cartoon 100 iterations Texture

Without anisotropy strategy
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Cartoon 100 iterations Texture

Without anisotropy strategy
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Cartoon 100 iterations Texture

Without anisotropy strategy
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Cartoon 100 iterations Texture

Without anisotropy strategy
A =100
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Cartoon 100 iterations Texture

With anisotropy strategy
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Cartoon 100 iterations Texture

With anisotropy strategy
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Cartoon 100 iterations Texture

With anisotropy strategy
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Cartoon 100 iterations Texture

With anisotropy strategy
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Cartoon 100 iterations Texture

.

With anisotropy strategy
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Original Anisotropic cartoon
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Original Anisotropic cartoon
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Original Anisotropic cartoon

CoLLque JBHU( 20l0 )\ — ]. OO

]BHU R VIALD A
25 au 27 de BAYONNE




Original Anisotropic cartoon
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Anisotropic cartoon

A =100




JBHU (and Fermat) lifting...
A =20
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JBHU (and Fermat) lifting...

50 iterations
without anisotropy
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100 iterations
without anisotropy
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100 iterations
without anisotropy
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100 iterations
without anisotropy
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100 iterations
with anisotropy
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100 iterations
with anisotropy
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100 iterations
with anisotropy
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PUB  Ecole de Printemps en Traitement d’Image

Martel (46)

18- 22 avril 2011

Organisation
Pierre Maréchal et Maitine Bergounioux

Conférenciers
Antonin Chambolle (X), Didier Auroux (Nice), Simon Masnou (Lyon), Cécile Louchet (Orléans),

Régis Monneau (ENPC), Pierre Weiss (Toulouse)

http://web.me.com/maitine.bergounioux/EcoleMartel/
Bienvenue.html
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