Robust joint reconstruction of misaligned images
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Motivation
e A c R™1is ob df [ t f— 1ding | The ob deled by a li AcR™*"
SCENE XL 1S observed Irom ( polnt-olf-views, providing [ noisy e e 0 servatlon system 1s modeled by a linear operator A &€ . .
measurement vectorsyi,...,y; € R™, m < n. e The goal is to reconstruct @y from the observations yq, ..., y; ,with-
e The scene 1s partly occluded by some objects x;,..., x; € R™ out the knowledge of the geometric transformations r;, ..., 7; .
e The scene undergoes geometric transformations r; . ... 7; that L0
depend on the position of the observer. - Scene
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_ Observed images (data,set ava,lla,ble in [1]). 1] Peng et al., CVPR, pp. 763-770, 2010. Yo y
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Problem formulation

e The transformations belong to a transformation gro group represented
by p parameters: ,; € R” ) Vj € {1, [}.

e We denote S(Hj) c R™*™ the interpolating matrix such that

oo T; = S(6;)xo.

e The measurement model satisfies:

e The inverse ill-posed problem is regularized by assuming that the
scene xy and the occluding objects @1, ...,ax; are sparse in a wavelet
basis W € R™*"™. The decomposition of x ; in \W is denoted o ;i € R™.

e We want to solve the following non-convex problem:
ly1 — z1][2 < €

Y1 AS(6;) A 0 X0 ny mm@ lalls + & |A(0) a — z||5 s.t. and 6 € T,
- : f f T ly — zi1]]2 < €
Y - AS(6;) O Al x - n; where o — g, . . .,al]Tvz = |z, ... ,zl]Tv and A(0) = AW, ..., W]T
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+ We define £(cx, 2,0) = [latlls + 5 [A(0) & — 2]} + ingy. (2) + i7(6).
where ¢7-1s the indicator function of the set 7, andig, the indicator

function of the set B(y7 6) — {Z — {ZJ}1<J<l Hyy — < Hz ej}'
e Initializations: set k =0, a’ =0 & R(ZH)”, 2 = y,0" € T, choose
0 < )\min )\za )\6’ {)\ }kEN < )\max-

e Repeat:
1) (", 2" € argmin L(a, 2, 0%) + X, ||z — 252 + \E |lae — "]

o,z +AR et — af|| < L(a”, 2", 6%).
2) Find g++1 £ 7 such that: We also h
_ ® € alSO Nnave:.
BIA@TT) @ = 2513 4+ X0 — 07| < K [A(07) @™ — 27T,
3) ke k11 - LQIl.igt;Z(;};e;Oailb,.Mathematics of Operations Research , vol. 35(2) Z sz—l—l . Zng _I_ Hek—l—l L 916”3 _I_ Hak—|—1 L akHl < Q-
antll COnvergence Or k — kmax ) 3] Attouchjet al., J. Mathematical programming, 2011. k=0

e The algorithm is similar to the method studied by Attouch et al. in
2-3| for solving non-convex problems. We have replaced the cost-to-
move function ¥ || — a”||5 by A¥ |l — |1 . For the considered
problem, this leads to much better results in practice.
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L@, 2070 + A [|2°71 = 2713 + Ael0" T — 07|13

e By construction L is not increasing. Indeed, for all &
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Illustration

e m = 0.1n measurements per image obtained with the spread spec-

trum teChnique [4] . |4] Puy et al., EURASIP Journal on Advances in Signal Processing, vol. 2012(6), 2012.

e The transtormations are assumed to be homographies modeled by

8 unknown parameters.
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Simulation results

. Simulations for several number of measurements and noise levels
using the following 5 images. ' |

Image quality Image quality
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Noise level Castle-R20 dataset available at cvlab.epfl.ch (Strecha et al., CVPR, 2008).
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Conclusions & Perspectives

e We presented a method using semi-parametric dictionaries for
joint reconstruction of misaligned images.

e The method estimates correctly the parameters of the semi-
parametric dictionary as well as the background g, and foreground
images Lly...,L]"

e This method may have interests in, e.g., cardiac MR 1maging.
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