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Two main approaches based on sparsity priors

1. Sparse Decomposition with CLEAN 2. Bayesian MAP Estimation

Algorithm 1 Hogbom CLEAN Algorithm (Major cycles onl 1 2

gorithm 1 Hogbor gorithm (Major cycles only) arg min — |V — ®I||2 + h(I)

Initialisation : I¥ =0, I, = ®*V, a > 0 )
CLEAN | DL
assumption: fon il =1 9 B de Likelihood < ~ Prior

Lcrean = Z ap0s, 1. Compute the dirty residual: Igf) = Iy — &*PIk-1)
i 2. Find the next reconstructed source: s*) = arg max I%c)
3. Update the iterate: I*) = I(*—1) 4 Q0 (k)
end for

Convex optimization problem, solved with proximal solvers

Classical example: LASSO problem Proximal Gradient Descent :

R =MI),, A>0 IFY) < Softy, (I — 7V £(IW))

Efficient implementation (fast algorithm, x Obijective function unclear

convolutions) X Stopping criterion unclear .4 Flexible and interpretable priors X Require CLEAN-based calibration
Calibration-compliant X Dictionary-based priors .4 Principled fast solvers X Dense iterates - difficult to scale
Scalable (sparse iterates)

A Unifying Algorithm: PolyCLEAN

We propose PolyCLEAN: _ : _
a principled algorithm to solve a LASSO problem Algorithm 2 PolyCLEAN Polyatomic Frank-Wolfe Algorithm

while maintaining a CLEAN-like atomic architecture Initialisation : I'¥) = 0, S = Supp(IV) = 0, Ip = ®*V e Place many sources at each iteration

o Numerous candidates at start
o Less candidates later on

while stopping_criterion(I*)) not reached do —

al“g min % HV — @IH% —I— )\ ||IH ! 1. Compute the dirty residual: I%) =1, — ®*PIC*-1)

1>0 2. Place many candidate sources: sgk), sék'), .-+ =highest_level_set (I%”))

~ e Solved with a truncated ISTA

ey il - ®) (k) o Restricted support : reduced dimensions of
Sparse iterates : scalable method Update active set : S® « S®=D U {s]”,55",... } the problem for a scalable step
Explicit prior : principled algorithm and stopping criterion o Early stop of the solver, with increasing
accuracy along PolyCLEAN iterations
Generalization to extended sources reconstruction with s e 1 IV — ®I|% + AL, Ref: Jarret et al., 2021

sparse representations over wavelet coefficients: Supp(T)cSHk) 2
1>0
. Efficient computation of the forward operator ¢ with NUFFT
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3. Update the iterate:
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arg min — ||V — &
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end while Ref: M. Simeoni et al.
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Duration (s)  237.0 246.1 38.7 37.9 251.1 247.9 125.3 k. 0.0 PolyCLEAN also handles extended celestial sources

MSE 7.4e-4 2.3e-5 2.3e-5 9.4e-7 4.0e-3 1.6e-5 1.7e-5 1.1e-6 0.00 025 050 075 1.00 using sparse wavelet coefficients representation.
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rmax = 500 (~ 18500 baselines) rmax = 1000 (~ 31500 baselines)
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