A Penalized Weighted Least Squares Approach For Restoring &ta Corrupted
With Signal-Dependent Noise
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INTRODUCTION

% Primal-dual proximasplitting approach for convex optimization
% Fast convergence thanks tpaeconditioning strategy

% Restoration of images corrupted wakditive Gaussian noise with
sighal-dependent variance

PROBLEM

minimize f(x) = h(x) + go(x) + zjj g;(L,x) (1)

xrcH j=1

e 1 and(G;) <<, real Hilbert spaces
e h: H — R, convex, differentiable witlhipschitzian gradient
e go and(g,)i<,<s proper Isc convex functions defined resp.70@and (G, )<<

oVjc{l,...,J}, Li: H— G; non-zero bounded linear operator
- )
CONVEX OPTIMIZATION TOOLS
For R positive definite self-adjoint linear operator frokhto H:
e Weighted norm: V& € H, ||z| g = (x | Rz)"”
e Proximal operator: ¢ proper Isc convex function defined qf, || - ||r),
Vv € H, proxpg . (v) = arg mingey ¥ (€) +511€ — vll%
y

ALGORITHM

Preconditioned M+L FBF

(Let (v )reny D€ @ sequence af, (1 — e)/7| with e € (0,1/(7 + 1)),
T=p9 + \/Z}]:1 | RV2L,;QV2||%, whereu!“) is a Lipschitz constant
of V (ho Q'?).

Initialization: Letx, € H, and, for everyj € {1,...,J},letv,, € G,

lterations:
For k=0, ...

yip = 2 — nQ(Vh(zy) + 37 Livy)

pl,k — prOXQ_l’ykgO(yl,k) (2)
For y=1,...,J

Yo ik =V + vl Lz,

D2k = PTOXRj—l%g;(yQ,j,k) (3)
Q2. k = P2k + B Lip .

Vjk+1 = Uk — Y25k T 2,5k

qi i = P — Y Q (Vh(pl,k) -+ ijl L;pZ,j,k)
L1 =T — Y1k T Gk

*x Low computational cost of(2) and (3) for

" gy separable an@ positive diagonal

\\V/jE{l,...,J}, Rj:pjld, ,0j>0

> { Q=1ld = M+L FBF Algorithm [Combettes and Pesquet 2012}
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CONVERGENCE RESULT

Theorem: Under appropriate technical assumptions, there exists
x € H solution to Problenil) such thatz;, — x andp, ;, — «.

% go = Lpassy, J = 1andg; = A tv, with A > 0 regularization parameter /

» Appropriate choice fot), R; = Acceleration of convergence rate

- /

z Hz b(HZ) y

o H c RV*YN observation matrix with non-negative elements

ob(HZ) = (b,(|HZ]) v On: [0, +00) — [0, +00): 2, = vz, + Bwy,
with o > 0, 8 > 0 and(w,, )1<.<n realization ofW ~ N (0, Iy)

x Data fidelity term:

SNR=2 dB, MSSIM=).525 SNR=19.15 dB, MSSIM=0.644 SNR=20.16 dB, MSSIM=0.569

—

L’-u..:--'.- —

SNR=7.1 dB, MSSIM=).835

SNR=24.14 dB, MSSIM=0.887

SNR=25.11 dB, MSSIM=0.854
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From top to bottom: noisy blurred images (o« = 0.1 and 8 = 50), restored
images, (||z, — x||), and (f(xr) — f(x)), using the proposed algorithm and
Its non preconditioned version.




