& &
L) +
N 5 HH2A
g &
5 8
Ah
Mg &

South China University of Technology

IEEE Conference on Computer Vision and
Pattern Recognition 2015

LOTV: A New Method for Image Restoration
In the Presence of Impulse Noise

Ganzhao Yuan?!, Bernard Ghanem?

1. South China University of Technology (SCUT)
2. King Abdullah University of Science and Technology (KAUST)

June 10, 2015



'_
Introduction

A Image restoration problem
b=(Ku®e,)+e,

(nerated by or method)



" A
Introduction

A Image restoration problem
b=(Ku®e,)+e,

A Optimization model
min /(Ku,b) + A Q(u)



" A
Introduction

A Image restoration problem
b=(Ku®e,)+e,

A Optimization model
min /(Ku,b) + A Q(u)

(2(u), regularization: Total Variation (TV),
Tikhonov-like, Potts, etc.



" A
Introduction

A Image restoration problem
b=(Ku®e,)+e,

A Optimization model
min /(Ku,b) + A Q(u)

(2(u), regularization: Total Variation (TV),
Tikhonov-like, Potts, etc.

¢(Ku, b), data fidelity: Gaussian, Laplace, etc.
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Data Fidelity Models

€2 (Ku, b) =

61 (Kll, b) —

lso (Ku,b) = || Ku — b/

(,(Ku,b) = (Ku — b ® log(Ku), 1)
ly(Ku,b) = (log(Ku) + b ® &=, 1)

lo2(Ku,b) = [Ku — b + z||3

s.t. ||z]lo < k

Ku — b||5

Ku-—->b
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1

Eo(KU, b) — HKH — bHO

add. Gaussian
add. Laplace

add. uniform

add. Poisson

add. Gamma

mixed Gaussian

Impulse

add./mult. impulse
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Contributions

A A new model for impulse noise removal
based on LO norm data fidelity

A A new algorithm for LO norm optimization

based on MPEC (Mathematical Programming
with Equilibrium Constraints)



Motivation and Formulation
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A Impulse noise
Random-valued, salt-and-pepper

Key observation: Impulse noise corrupts a
portion of pixels in the image while keeping
other pixels unaffected.

A LOTV model

min [[Ku — bl|g + ATV (u)
0<u<l
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MPEC Reformulation and
Optimization Algorithm
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MPEC Reformulation
A Variational characterization of the LO norm

HXHO — 021\}21 <]-7 1 - V>7 5.t. Vv |X| =0
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A Variational characterization of the LO norm

||X||0 — orgnélgll <]-7 1— V>7 5.t. Vv |X| =0

A LOTV-MPEC Reformulation
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