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Context
sensitivity +++
- Huge continental radio facilities: LOFAR, MeerK AT/SKA, ASKAP  angular resolution +++

data volume +++++
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- The need for robust transient detection tools at all temporal scales

- The recent framework of Compressed Sensing / Sparse representation / Convex optimization

r Sparse representation ? Compressed Sensing?
T

heoretical « sparse » signal ~ Natural signal ? .
A natural signal may not be sparse itself, but

very few non-zero entries
T can be « sparsified » in a dictionary &

Sparse signal

Radio transient vs. observation techniques
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«Fast » transient sources

i« Slow » transient sources

Beamforming

Imaging

Good time resolution

We are proposing a novel approach to address the deconvolution of interferometric images
accounting for the spatial AND temporal dependency of the data.

2D-1D wavelet decomposition
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Test #1: SNR
Dirty cubes
Marginal improvement of SNR with time

SNR turn-over below Ny=40
= temporal dilution

CLEANed cubes
Higher SNR at low noise
Temporal dilution effect reduced

[oll o Cs cubes
2D-1D Sparse cube

w No Data
Higher SNR at low & high noise
Slow decrease of SNR due to dilution’ SNR > 80

One order of magnitude 5
provement in SNR N,

Compressed Sensing as a sam theorem
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lunderdetermined system
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Hx=Hbo = Ax

Requirements

Wl cocticens

" - Sparsity

- Incoherence between the sensing basis H
and the dictionary basis @

o Sparse recovery

Signals withcxactly K componeats difrent from e can e afl<e

recovered perectly rom - K g N ln casurements”
&mde* etal. 2006, Donoho 2006) Sampling with an interferometer ~ Compressed ScnsB]
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If the problem has the form  arg min £(x)+ g(x)

~

Proximal algorithms to the rescue
(%) convex differentiable function

1 .
eg Duafidelity —lly= vl

Not solvable with eradient methods | &(X) convex but not differentiable function

e.g Sparsity c

NN

Hopefully, we now have tools to address this problem:

o Proximal calculus
At a point x  the proximity opentol' is defined by

prox;, (x)= argmmg(x)+ ”y "”;

‘The prox aperator is a « generalized » projection aperator
when g(x) is differentiable
Prox,,, (x) = x— AVg(x)
a gradient step of the function g

Minimum

x is in domain ) update step = gradient step towards the minimum

x out of domain {) update step = orthogonal projection on the boundary

Test #2: Temporal profiles

Dirty & CLEAN
Higher RMSE in high nois

Similar error

2D-1D Sparse cube
Higher RMSE in high noise snapshots

Better overall profile reconstruction

NoData

Factor of ~3 reduction of the
RMSE of transient profile

mple 2D-1D sparse modeling for radio interferometry
Measurement matrix [ (1) x(1) sy
(Fourier + Sampling) i
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Vi isihililies

Both the sky and masking operator are time dependent
The time varying sky is supposed to be sparse in (D

y=Hx+N=MFx+N x=)‘v1>0!
ill-posed inverse problem e.g. Wavelet Tr. szrse

* Forward-Backward (Combettes and Wajs 2005) Problems with this method

1)Not explicit proximity opmmr in

Loop i analysis Framework — g(» ,‘
200 = xO - V() Forward prox
""’_pmx A6 Backward

2) How to include more
constraints? (e.g. positivity)

o Condat-Vu primal-dual algorithm (Condat 2013; Vu 2013)

* Deal with two constraints (sparsity, positivity)
* Avoid the implicit evaluation of analysis sparsity operator

gl .
Application mxmilly—l-]xlli HIAQ®'x Il +i, (x) H=MF
Initialize x*,u”’
Evaluate X " =Proj, (x" —7(du" - 7H'(y— Hx"))
Evaluate 1/ 4" = (Id-ST,)u® + 0’ 22 - x))

automatically set for each scale, derived from a noise-driven
strategy from the residuals.

M.Jlang, JGiras, L Stack, S Corbel and G Tasse, “Compressed Sensing and Radio Interfromety’, EUSIPCO 2015, Nico

Test #3: Real data: pulsar B0355+55 with the VLA

Frame 122.- Pulsar OFF Frame 100.- Pulsar ON

® Transient takes the form of the PSF
® PSF sidelobes = false positive !

data At =1.03s

res. 0t = H5ms

Normalized & centered reconstruction

T
== L-band (1.4 GHz)
Pilia et al. 2015

i 55455 = 156
Period Ppo3ss+55 = 156ms On-going work

Peaks are successfully detected
CS 2D-1D less biased than

frame-by-frame reconstruction
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« Dictionary

y i

© 2D spatial signal

Starlets
(Starck et al. 2011)

Wavelet Transform)

Dictionaries for 2D-1D sparse signal representation

~

Hypothesis: spatial and temporal

information are independent
2D-1D dictionary

Yy =y @y o)

o 1D temporal signal
- - Quantified signals
(c.g. Haar)

2 (Isotropic Undecimated

Semi-continuous

(c.g. CDF9/7)
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a Numerical experiments M
Data set simulation Detection robustness towards
- noise level detection problem
Al " - num of frames Ny dilution problem
| O [0.-20] arb. units Metrics
2-250 f frames
Nil I num of frames . . ient source SNR
1 Error on transient profile
Snapshot
o] images
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Simulation
Conclusions/Perspectives
© Novel spatio-temporal sparse method
+ Based on Condat-Vu primal-dual method
« 2D-1D dictionary for sparse signal representation
* Automatic setting of parameter
© Radio transients detection
. itivity: one order of in SNR
« Temporal profile: factor of 3 i in the profile
error

« Preliminary validation on real data
© Improvements/Applications

« Validation on spatially resolved transient sources .

VLBI radio cores)
> HPC

elaughin et . 2006 Natye 49,817

1 e 310,777

les, M. Bar, £ D, &t al 2015, MNRAS, 447, 245
o

0
Stvok Y.L oo, 3011, psvononicnOata Posessing (Spinger.

* Code

« Integrate into radio transients detection pipeline
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