Compressed sensing imaging techniques for aperture synthesis by radio interferometry
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e using N telescopes, <
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BP and BP"™ Reconstruction

Compressed Sensing Model : Fourier Acquisition

y=®I =SFI, with I = VYa sparse in ¥
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Sensing matrix

e Context similar to Magnetic Resonance Imaging MRI

* We may use Basis Pursuit [2] :
Qest = argmin ||ul|; s.t. y = dPu (BP)
U
e or, if positive image (additional prior)

Mest = argmin ||ull; s.t. y=®Pu, Yu>0 (BP")

* or, noisy version : ¥y =®¥a+n, n; ~ N(0,0°%), y = ®Vu — |y — ®Vuls <e¢

e Solver : Proximal Methods and Douglas-Rachford Splitting [3]

(acknowledgements to M. J. Fadili)

Simulations : random interferometer, ¥ = Dirac, 1.8°x1.8°
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Cosmic String Enhancement in AS

* Cosmic Microwave Background (CMB) signal =—

String tension p
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Gaussian Noise String signal (its gradient here)

e Laboratory to test cosmological models

e Very low SINR for string signal (i.e. low string tension) : =30 dB !

e String signals not yet observed but simulated |4]

e Prior Information : string signal follows GGD in wavelet space

e GGD scale and shape parameters deduced in steerable wavelets [5]

7Tj(uw) ~ €XP |Uw/:0bj‘8ja with w = {7, 0k, s }

e Reconstruction : Statistical BP DeNoise (with some s; < 1!)
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Other methods : Multi-scale CLEAN, MR CLEAN, MEM, ... Coverage (%) Coverage (%)
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« The inclusion of prior knowledge on the signal under scrutiny improve the quality of signal reconstruction.

« In progress : control of the actual visibility coverage, inclusion of TV sparsity term, mosaicking.
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