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@ Introduction



Imaging distortions

Observation Image

Ideally ‘ - ‘

Observation PSF Image

But actually ‘ = ® ‘

Observation PSF Image

Moreover . = ® ‘ +  noise




Blind deconvolution problem
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What we need



9 Problem definition



Problem definition

Observation PSF Image

§

§

R

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




Problem definition

e Stray light
= undesired light in the optical system.
= modeled as an additional filter convolving the image.

Observation PSF = Stray Light Image

- = L ? © 7 ® + n

Problem
Stray light correction to study low intensity regions in the Sun.




Available information

@ Venus transit: June 6, 2012.
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Prior information

Venus is a uniformly black disk with a known diameter.




Redefining the problem

1. Stray light estimation: Estimating £,

y=hogh+m = y=FGft+n

f g f>
= & ‘ & ? + m
Stray
PSF Light

2. Stray light correction: Estimating g

y=H®hg+m = y=FFg+n,

y= F g+m
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e Data preprocessing



Data preprocessing

lv=1l,ef f=fiaf V;=Sjlv =Sj(ly, ®f) = (Sjly) ®f

Optimized weighting

V=3 wV;= (32 wSjly) @f i

0.8
ij* = arg minwj %HVW - g“% . i
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Data preprocessing

@ Recentering the patchs
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@ Reconstruction



Reconstruction

@ Stray light estimation
V, = Flé fo+ng
f5 = argmin |V,, — F1G ul|,
u
@ Image reconstruction

y=FFg+n

* = argmin|ly — F1F3 u|
u

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



Sparsity

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

X a
Nx1
Sparsity Basis k-sparse
Nx1 signal
signal = Y 1
NxN k
non zero
values
@ Use sparsity priors to regularize an inverse problem.
y=&dx+n k<M<<N
a
¥
W
= oo} NxN +|n
H
Mx1 MxN Mx1
— = Nxi
S] k-sparse



Problem regularization

@ Sparsity constraint

- Stray light is assumed to be sparse:
_ If2(l1
V=In, Jgp <VN
- Image g is assumed to have a sparse representation in a wavelet basis W:

llell2

- Promotiong sparsity by minimizing the ¢; —norm.
@ Positivity constraint
- Both stray light and image are observations and thus are positive.

- Promoting positivity by minimizing the convex indicator function 2p onto
the convex set P = {v:v > 0}.



Reconstruction problem

o Stray light estimation

V., =FGf+mn
f5 = argmin, |lull; st. |Vw —F1Gul2 <&, u=0

f3 = argmin, [ull1 + 12c(F1G u) + 1p(u) J

C={v:|Vu—v]o<e}
@ Image reconstruction

y=FF;g+m
a* =argmin, |lull; st. [y —FiF;W ull; <&, Wu =0

a* = argmin, |[ull1 + tp(F1F5W u) + 1p(Wu)

D={v:ly—vl2<e}



Reconstruction algorithm

o Chambolle-Pock Algorithm [1]

min F(Kx) + G(x)

xeX
Vit1 = prox,g- (Vi + oKuy)
— K*
Xkt1 = prox g(xx — TK*vii1)
Uerr = Xpg1 + P (Xeq1 — Xk)

o Proximal Operators [2]
prox,s z = arg min Af(x) + 3z — x||?
equivalent to gradient descent For f differentiable (xx — AVf(xk))
f(x)=|x|1 = prox;z=SoftTh(z)
f(x) =wr(x) = prox;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

Eniineerini 185-212. 2011.



Reconstruction algorithm

f5 = argmingcgn [ullz + 1¢(F1G u) 4 2p(u) J

o* = argmingcpn luli + 1p(F1F3W u) + 1p(Wu)

Chambolle-Pock algorithm

)r(]”éi)l? F(Kx) + G(x)

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

min Fi(Kity) + Fa(Kata) + H(t1) + i (t)

t=(t1,tr) ERV

.

Mo={t:t1 =t}

[3] A. Gonzélez, 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).



© Noise estimation



Noise estimation

@ Image Reconstruction

y=fiefog+m
n,: some observation noise.

@ Stray light estimation

Vw=fi0gaf+m )i ~ N(p1,02)ifieD
V,=f08,of "\ Gour ~ N(p2,03) if i € DC
=fL®E+q)xf

C
=fiegf,+fioqxf, QD

n=fqef
+ some observation noise and
modeling noise. Insfl < €1 =lfs ® a @ fal2

=~ 0'2||f1 X f2||2
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Variance estimation

o, I=lo&Ff I, =S)1=S;(lo ®f) = (Sjlo) ® f
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Optimized weighting

by =22 wili = (O w;Sjlo) © f

WJ.* = arg minWj %le - 1N||§

180 patchs = o, = 0.0332
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@ Results



Results: Synthetic Scenario

Stray light estimation
V., f, g f,

® - o | @ fe? +m

o Estimated f;: RSNR = 13 dB. 26'. 66000 iterations

f3 f5 zoomed log1o(f3)




Results: Actual Scenario

Image reconstruction, assuming no stray light

) g
o = ' ® ? + n
o Estimated g: 23'. 50000 iterations
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Results: Actual Scenario

Stray light estimation
V., f, g f,

® - o @ fer +m

o Estimated f»: 28'. 61000 iterations

f3 3 zoomed log1o(f3)
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Results: Actual Scenario

Image reconstruction, with stray light correction
f1 f3 g

s
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o Estimated g: 6'. 10000 iterations

y, px = 128 g*, px = 128
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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 £, and g simultaneously.
= Non-convex optimization problem.



Thanks for your attention!!
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