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Delouille from the Royal Observatory of Belgium.

UCL/ICTEAM/ELEN

March 27, 2013

1



Outline

1 Introduction

2 Problem definition

3 Data preprocessing

4 Reconstruction

5 Noise estimation

6 Results

7 Future works

2



Outline

1 Introduction

2 Problem definition

3 Data preprocessing

4 Reconstruction

5 Noise estimation

6 Results

7 Future works

3



Imaging distortions
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Blind deconvolution problem
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Problem definition

Observation

 

 

0

1000

2000

3000

4000

5000

6000

7000

=

PSF

 

 

0

2

4

6

8

10

12

14

16

18
x 10

−3

⊗

Image

? ⊗ + n

Easy to solve!!! But...
Observations are also affected by stray light.
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Problem definition

Stray light
⇒ undesired light in the optical system.
⇒ modeled as an additional filter convolving the image.
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Problem
Stray light correction to study low intensity regions in the Sun.
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Available information

Venus transit: June 6, 2012.
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Prior information
Venus is a uniformly black disk with a known diameter.
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Redefining the problem

1. Stray light estimation: Estimating f2

y = f1 ⊗ ĝ ⊗ f2 + n1 ⇒ y = F1Ĝ f2 + n1

y
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2. Stray light correction: Estimating g

y = f1 ⊗ f2 ⊗ g + n2 ⇒ y = F1F2 g + n2

y = F g + n2
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Data preprocessing

IV = IV0 ⊗ f, f = f1 ⊗ f2 Vj = Sj IV = Sj (IV0 ⊗ f) = (Sj IV0 )⊗ f
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Data preprocessing

Recentering the patchs
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Reconstruction

Stray light estimation

Vw = F1Ĝ f2 + n1

f∗2 = arg min
u
‖Vw − F1Ĝ u‖2

Image reconstruction

y = F1F∗2 g + n2

g∗ = arg min
u
‖y − F1F∗2 u‖2

How do we make sure we have a unique solution?
The problems need to be regularized!!!
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Sparsity

A signal can be sparse or it can have a sparse representation.

Use sparsity priors to regularize an inverse problem.
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Problem regularization

Sparsity constraint

- Stray light is assumed to be sparse:

Ψ = IN ,
‖f2‖1

‖f2‖2
�
√
N.

- Image g is assumed to have a sparse representation in a wavelet basis Ψ:

g = Ψα, ‖α‖1

‖α‖2
�
√
N.

- Promotiong sparsity by minimizing the `1−norm.

Positivity constraint

- Both stray light and image are observations and thus are positive.

- Promoting positivity by minimizing the convex indicator function ıP onto
the convex set P = {v : v � 0}.
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Reconstruction problem

Stray light estimation

Vw = F1Ĝ f2 + n1

f∗2 = arg minu ‖u‖1 s.t. ‖Vw − F1Ĝ u‖2 6 ε1, u � 0

f∗2 = arg minu ‖u‖1 + ıC(F1Ĝ u) + ıP(u)

C = {v : ‖Vw − v‖2 6 ε1}

Image reconstruction

y = F1F∗2 g + n2

α∗ = arg minu ‖u‖1 s.t. ‖y − F1F∗2Ψ u‖2 6 ε2,Ψu � 0

α∗ = arg minu ‖u‖1 + ıD(F1F∗2Ψ u) + ıP(Ψu)

g∗ = Ψα∗

D = {v : ‖y − v‖2 6 ε2}
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Reconstruction algorithm

Chambolle-Pock Algorithm [1]

min
x∈X

F (Kx) + G (x)
vk+1 = proxσF∗(vk + σKuk )

xk+1 = proxτG (xk − τK∗vk+1)

uk+1 = xk+1 + ϑ(xk+1 − xk )

Proximal Operators [2]

proxλf z = arg min
x

λf (x) + 1
2‖z− x‖2

equivalent to gradient descent for f differentiable (xk − λ∇f (xk ))

f (x) = ‖x‖1 ⇒ proxf z = SoftTh(z)

f (x) = ıR(x) ⇒ proxf z = projR(z)

[1] A. Chambolle and T. Pock. A first-order primal-dual algorithm for convex problems with applications to imaging. Journal of Mathematical Imaging and
Vision 40(1), 120–145. 2011.
[2] P. L. Combettes and J. C. Pesquet. Proximal splitting methods in signal processing. Fixed-Point Algorithms for Inverse Problems in Science and
Engineering, 185-212. 2011.

19



Reconstruction algorithm

f∗2 = arg minu∈RN ‖u‖1 + ıC(F1Ĝ u) + ıP(u)

α∗ = arg minu∈RN ‖u‖1 + ıD(F1F∗2Ψ u) + ıP(Ψu)

g∗ = Ψα∗

Chambolle-Pock algorithm

min
x∈X

F (Kx) + G (x)

Chambolle-Pock algorithm in Product-Space Optimization [3]

min
t=(t1,t2)∈R2N

F1(K1t1) + F2(K2t2) + H(t1) + ıΠ1,2 (t)

Π1,2 = {t : t1 = t2}

[3] A. González, L. Jacques, C. De Vleeschouwer and P. Antoine. Compressive Optical Deflectometric Tomography: A Constrained Total-Variation
Minimization Approach. Submitted in the Journal of Inverse Problem and Imaging on September 4, 2012 (arXiv:1209.0654).
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Noise estimation

Image Reconstruction

y = f1 ⊗ f∗2 ⊗ g + n2

n2: some observation noise.

Stray light estimation

Vw = f1 ⊗ ĝ ⊗ f2 + n1

Vw = f1 ⊗ ĝq ⊗ f2

= f1 ⊗ (ĝ + q)⊗ f2

= f1 ⊗ ĝ ⊗ f2 + f1 ⊗ q⊗ f2

n1 = f1 ⊗ q⊗ f2

+ some observation noise and
modeling noise.

qi =

{
qin ∼ N (µ1, σ

2
1) if i ∈ D

qout ∼ N (µ2, σ
2
2) if i ∈ DC

.

‖n1‖2 6 ε1 = ‖f1 ⊗ q⊗ f2‖2

≈ σ2‖f1 ⊗ f2‖2
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Variance estimation

I0, I = I0 ⊗ f
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Results: Synthetic Scenario

Stray light estimation
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Estimated f2: RSNR = 13 dB. 26’. 66000 iterations
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Results: Actual Scenario

Image reconstruction, assuming no stray light
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Results: Actual Scenario

Stray light estimation
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Results: Actual Scenario

Image reconstruction, with stray light correction
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Future works

Improve noise estimation, including observation noise and modeling noise.
Reduce existing artifacts in the stray light estimation.

Stabilize image reconstruction.

Minimize both f2 and g simultaneously.
⇒ Non-convex optimization problem.

30



Thanks for your attention!!
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