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Wideband RI

Wideband radio-interferometry (RI)

Radio-interferometer:

@ A radio-interferometer is a collection of spatially separated antennas.
@ Each pair of antennas identifies a baseline bj = (u, v, w) € R>.

@ Each baseline gives access to a radio measurement, so-called visibility.

yu(by) = (Ev(bi, t)E] (bj, 1)) ,

baseline b, |

A baseline

The Square Kilometer Array Figure courtesy: http://hardhack.org.au

Figure courtesy: SkyWatch SA
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Wideband RI

Wideband RI measurement model

Considering L frequency channels, the wideband measurement model:

Y =%(X)+N

Wideband data cube Y Wideband model cube X
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e HyperSARA: optimisation problem
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Optimisation problem

HyperSARA

HyperSARA minimisation problem:

ly? = ®P(X)[2 < ef, (I, b)

XeRNXL XGRNXL

min [ X|lwx + 1|WX]||z21 subject to{
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Optimisation problem

HyperSARA

HyperSARA minimisation problem:

ly? = S/ (X)|2 < f, ¥(I,b)

X e RY**

min || X[lwx + p|WIX|lz21 subject to {
XERNXL

Enforce:

@ low rankness: || X]|w,« = Zle wj 0j(X), wi>0
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Optimisation problem

HyperSARA

HyperSARA minimisation problem:

ly? = ®P(X)[l2 < ef, V(I b)

X e RY**

min || X|lox +p |WiX]|z21 subject to{
XERNXL

Enforce:

@ low rankness: || X]|w,« = ZJLI wj 0j(X), wi>0

o joint sparsity : || X||e.21 = Son_, @n [|Xnll2, @ >0

W is a concatenation of averaged 9 orthogonal bases; the Dirac basis and
the 8 first Daubechies wavelet bases.

X1 s e XL
|

i N
—

Wideband Super-resolution Imaging in Rl - Abdullah Abdulaziz



Optimisation problem

HyperSARA

HyperSARA minimisation problem:

b _ &b b

— PP (X)|2 <€, V(b
min [Xlos + 4 [0 X521 subject to 4 Y1~ XK= e ()
XeRNXL XeRﬂXL

Enforce:

@ low rankness: || X||w,« = Zle wj 0j(X), wi>0

o joint sparsity : || X||e,21 = Son_, @n [|Xnll2, @ >0

W is a concatenation of averaged 9 orthogonal bases; the Dirac basis and
the 8 first Daubechies wavelet bases.

@ data fidelity : inter-channel & intra-channel.
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Optimisation problem

HyperSARA

HyperSARA minimisation problem:

_ _ ly? — B2X)l2 < €, W(I,b)
min [ X|lws + p [WX]|[z2: subject to
XeRNXL X e RQ’XL

Enforce:

@ low rankness: || X||w,« = Zle wj oj(X), wi>0

@ joint sparsity: [|X|lz21 = ZHN:I @n ||Xnll2, @n >0

W is a concatenation of averaged 9 orthogonal bases; the Dirac basis and
the 8 first Daubechies wavelet bases.

@ data fidelity: inter-channel & intra-channel.

@ reality & positivity.
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Algorithmic structure
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© HyperSARA: algorithmic structure
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Algorithmic structure

Primal-dual algorithm

Advantages:

@ Full splitting of the terms in the minimisation problem.

Parallel updates.

@ Randomised updates.

Multiple functions unlike ADMM.

No inversion of the linear operators unlike 'SDMM.
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Algorithmic structure

Primal-dual algorithm

Advantages:

@ Broad range of convex prior functions.

o Forward-backward iterations for non smooth functions.

Z"+1 = pI"OX,ynfl (Zn - ’anfé(zn))
—_— —/

backward step forward step

where f; is a non-smooth function and £, is a smooth function.

The proximity operator of a function f, relative to a metric
induced by a strongly positive, self-adjoint linear operator U, is
defined as:

prox?(Z) £ argmin f(Z) + (Z Z) U(Z - Z)

ZERNXL
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Algorithmic structure

HyperSARA approach

7

GivenX©@ X PO A, O b0 50 O 5O 46O g0)

Fork=1,...
Solve HyperSARA minimisation problem using Adaptive PPD

I I

[X(k),f((k),P(k),Ad(k),vf’(k) ) 9o gk ] AdaptivePPD(- - -)

Update the weights simultaneously

Update the re-weighted ¢> 1 norm weights

~(k) _ ()
—y(k)+H lIITx“( 1) H VnG {1,,N}

Update the nuclear norm weights

W= e,

A1 o, =D)
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Algorithmic structure

Adaptive preconditioned primal-dual algorithm

Fort=1,...
Update dual variables simultaneously

Enforce data fidelity

v(l,b) € {1,---,L} x {1,---, B}(parallel)

v = U (XY)

AU (TP e ) (017 )

Adjust the ¢> bounds

o = llyp = SHE),

_ _ b(t) _ b(t=1)
if (5(“) < Al)&(t—ﬁf“ RS 19)&(7‘” e | Az)
]
{ = 9+ (1= ) Y
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Algorithmic structure

Adaptive preconditioned primal-dual algorithm

Fort=1,...
Update dual variables simultaneously

Promote low rankness

PO — (z— S /m) (P(tfl) n X(H))

Promote joint sparsity

vd € {1,---, D}(parallel)
A= (z-st,

) (qu) + WEX(FD)

e

Update primal variable

D L
G(t) = H1P(t) —+ Ko Z WdAd(t) —+ K3
d=1 1=1

x® = PRNXL (X(t_l) — TG(t))
+
%M _ox® _ x(t-1)

B
S a (O
b=1

_ Hx(f) _ X(f—l)H2

ﬂ(t)
XY
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Real data
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@ Application to real data
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Real data

Cyg A

Data under scrutiny:

@ Real VLA observations of the radio galaxy Cygnus A at the S band (2 - 4
GHz) and the C band (4 - 8 GHz).

@ 32 channels of size 25 x 10* visibilities.

@ Frequency range 2.04 —5.96 GHz with a frequency step 128 MHz and total
bandwidth of 4 GHz.

@ We consider images of size 1024 x 512 with a pixel size 6/ = 0.19 arcsec.

Assessment:
@ Qualitative study through visual inspection of the reconstructed images.

@ Spectral analysis of selected pixels from the different sources of the
estimated wideband cubes.
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Real data

Cyg A imaging results

Qualitative comparison - channel 1

HyperSARA

JC-CLEAN

Wideband Super-resolution Imaging in Rl - Abdullah Abdulaziz 15 / 18



Wideband RI Optimisation problem

Cyg A imaging results

Qualitative comparison - channel 32

Algorithmic structure Real data

HyperSARA

JC-CLEAN
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Real data

Cyg A Imaging results

Spectral analysis
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Real data
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