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N-antenna interferometer: (u,v) plane

V(u, v) = ∬ T(l, m)e−2iπ(ul+vm)dldm Visibility function

(Simplification of the Van Cittert-Zernike Theorem)
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Independent baselines

1 projected baseline 
= 1 sample in the Fourier plane 

(« u,v » plane)
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Measurement Set format
Visibilities

NRAO Standard
NICKEL "=" COBALT-II (LOFAR)



Measurement Set format
Data columns



Measurement Set format
Subtables



UV plane



Calibration & Imaging & deconvolution

Set of complex 
visibilities

Brightness 
distribution

From visibilities to images?
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Imaging Combining calibrated visibilities into an image 

Fourier Space
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Fourier plane
Snapshot (u,v) Coverage

Discrete sampling of the Fourier space

}Usually: ● bad sampling in Fourier space

● not really a Fourier transform

● simplifying hypothese no longer valid

Unsufficient sampling

Non-coplanarities

Small field approximation

Hard 
Inverse 
problem

+ all direction-dependent effects (DDE) (Beam,ionosphere…)

Deconvolution
Imagerie / Inverse problem

image domain

Image from Data =  
« True » sky * PSF = 

~FT-1

"Dirty" image

Images from D. Wilner, NRAO
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Y = HX + N

Visibilities

Sky

VLA 

Measurement matrix
(Fourier + Sampling)

H

  

FOURIER  

{Deconvolution
Imaging / Inverse problem

We will use "CLEAN" (Hogbom, 1964 and recent derivates)



Julien Girard M2 AAIF - F01 - intro à la radio astronomie

Deconvolution
Imaging / Inverse problem

Images from D. Wilner, NRAO



Deconvolution - Algorithms beyond CLEAN

Tasse et al. 2012

Array factor only 
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- ~40 years of development Multifrequency, Multiscale CLEAN…
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Deconvolution - Algorithms beyond CLEAN

Tasse et al. 2012

Array factor only 
(PSF)

Non-coplanarity 
(and/or wide field of view) 

("W-term" ≠ 0)

+

Antenna beam pattern 
("E-term")

+

- ~40 years of development Multifrequency, Multiscale CLEAN…

- Today, accounting for Direction-dependent effects Imaging ~ Calibration



30-80 MHz

100-250 MHz

Diagramme d’antenne

x

y

x
y

Direction 1 Direction 2
affecte le gain

la polarisation

Direction-Dependent Effects



30-80 MHz

100-250 MHz

Diagramme d’antenne
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Direction 1 Direction 2
affecte le gain

la polarisation

Plan d’onde incident

Plan d’onde émergent

p q

Ionosphère

Fluctuations ionosphériques/atmosphériques PSF

PSF + ionosphère

affecte le gain

la polarisation
la phase

Direction-Dependent Effects
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J = Jn Jn�1 . . . J2 J1

J = Jn Jn�1 . . . J2 J1
p

Compact, intuitive and linear representation of propagation effects

Now Mandatory for the calibration of large interferometers
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Flagging

Aoqplot (AOflagger)
DPPP

Calibration (DI) DPPP
Solution inspection LoSoTo
Imaging / Deconvolution WSClean
(Source finding) Pybdsf

Thursday

Advanced Imaging tutorial NCP NenuFAR Data
Data statistics quicklook
Impact of A-team

Calibration (DDE)

A-team subtraction

Building Sky model

Imaging

Source finding

Mix of python, DPPP, LoSoTo, …

Friday


