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Images for a radio interferometer
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For each antenna pair, we compute the correlation of the
output signals, resulting in the typical observations recorded
by a radio interferometer. The correlation between voltages is
given, in the case of noise free measurements, for the (p, q)
antenna pair, by

Vpq(θ) = E
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where the signals emitted by the sources are assumed uncor-
related and the 2 × 2 matrix Ci = E{sisHi } is known from
prior knowledge. Let us remark that autocorrelations are not
considered as shown by the condition p < q in (2) (this is a
typical situation in the radio astronomy context where radio
interferometric systems automatically flag the autocorrelations
[2]).

Using the property vec(ABC) = (CT ⊗ A)vec(B), we
rewrite (2) as a 4× 1 vector
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ci with ci =
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∈ C4B×1, where

B = M(M−1)
2 denotes the total number of antenna pairs and

vpq = ṽpq(θ) + npq with npq the noise sample at a specific
antenna pair. Specifically, x reads
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is the full noise vector

which accounts for Gaussian noise, but also the presence
of outliers in our data. Therefore, the noise can no longer
be considered Gaussian and a robust calibration method is
required. To investigate non-Gaussian noise modeling and
encompass a broad range of noise distributions, we propose
to adopt the SIRP noise model [37,38]. Specifically, the noise
at each antenna pair is assumed to be generated as

npq =
√
τpq gpq, (5)

where the positive real random variable τpq is referred to as
texture, whereas the complex speckle component gpq follows
a zero-mean Gaussian distribution1, i.e.,

gpq ∼ CN (0,Ω). (6)

In order to remove scaling ambiguities, we impose tr {Ω} = 1.
Note that the choice of this constraint is arbitrary and does not
affect the estimates of interest as argued in [49].

1Let us note that it is possible to consider a different covariance matrix Ωpq

for each speckle component gpq in (6). In this case, the proposed algorithm
requires a few modifications and the corresponding expressions are presented
in Appendix A.

A: array aperture

V : station field-of-view

ionosphere

S: ionospheric
irregularity scale

Fig. 1. 3DC calibration regime, for which V ≫ S and S ≫ A. All receiving
elements in the station see the same ionosphere part but, due to their wide
field of view, a multitude of sources are visible and perturbations are highly
direction dependent.

In this section, we adopted the non-structured Jones matrices
formulation which is relevant in the radio astronomical context
[32,48]. In this case, there is no need to specify the full
propagation path, avoiding misspecification in the model.
Besides, it is highly flexible and can be adapted to different
scenarios [46]. In the following, we present the direction
dependent distortion regime with a compact set of antennas,
named 3DC regime.

B. Specific case of the 3DC calibration regime

For a specific propagation path, from the i-th source to the
p-th antenna, the global Jones matrix Ji,p accounts for multiple
effects which can be described explicitly. Indeed, each global
matrix can be decomposed into individual Jones terms which
stand for specific physical effects [43,44]. This way, instead
of estimating entries of all Jones matrices as done in the
non-structured case, we will estimate physically meaningful
parameters, thus reducing the total number of parameters to
estimate. Introducing structured Jones matrices can be done in
the context of calibration scenarios [10,46]. In what follows,
we target one specific commonly used calibration regime that
we call 3DC calibration regime, described in Fig. 1, which is
well adapted for calibration of LOFAR on station level [26],
and also for stations of the future SKA radio interferometer
[10]. In this scenario, direction dependent distortions play a
significant role since individual elements in the array have

3

  

Van der Tol thesis

Direction 
dependent

Direction 
independent

Source 
coherency

The Measurement Equation

Beam Geometrical delay
+Correlator

[Voltage antenna p]  x  [ Voltage antenna q]*

Ionosphere Electric field

Linear 
transf.

F
F'

Hamaker 1996

  

Van der Tol thesis

Direction 
dependent

Direction 
independent

Source 
coherency

The Measurement Equation

Beam Geometrical delay
+Correlator

[Voltage antenna p]  x  [ Voltage antenna q]*

Ionosphere Electric field

Linear 
transf.

F
F'

Hamaker 1996

You have your calibrated visibility data. 
Now what? 
2. Recover an image by using inverse 

Fourier transform:  
𝑰 𝒍,𝒎 =  ℱ−𝟏 𝑽 𝒖, 𝒗

≡  𝑽 𝒖, 𝒗 𝒆𝒊𝟐𝝅 𝒖𝒍+𝒗𝒎 𝒅𝒖𝒅𝒗
∞

−∞
 

 Pros: 
- Complex structures can be studied 
- No need to assume certain brightness 

distribution 
Cons: 
- Requires well-sampled visibilities 

 
 Interferometric imaging lecture 6.10.2015 
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Finite number of  antennas & Non-coplanar baselines
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SKA1-MID

~2 Pb/s

8.8 Tb/s

7.2 Tb/s

50 PFLOPS

250 PFLOPS

2 x 5 Tb/s

The SKA data challenge: a schematic view
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4.1.17 JIV-ERIC 
 
The Joint Institute for VLBI ERIC (JIVE) is the central node of the European 
VLBI Network (EVN, http://www.evlbi.org/), a distributed array of radio 
telescopes, in and outside of Europe, offering astronomers the highest resolution 
view of radio sources. JIVE provides the scientific data product as well as 
support for the astrophysicists using the instrument, including training. In close 
collaboration with the EVN telescope staff, JIVE monitors the quality and 
calibration of the EVN. 
Besides user and telescope services, JIVE excels in research and development 
to innovate VLBI and related radio astronomy techniques. The institute 
pioneered e-VLBI by connecting the telescopes through optical fibre networks 
and enabling real-time science, leading to the development of a unique 
correlation platform as well. With RadioNet partners, JIVE has developed the 
UniBoard platform, which is a low-power solution for future beam forming and 
correlation applications. Through past programmes and the current ERC 
BlackHoleCam project, the JIVE experts are addressing the data processing 
needs of current and future VLBI users. In particular, JIVE has been advocating 
the science case for involving the SKA elements and precursor telescopes in 
VLBI. JIVE is contributing to the development of the SKA in the Signal and Data 
Transport (SADT) consortium. 
After 21 years as a foundation based on international funding, JIVE became an 
ERIC in the last month of 2014. As the only truly European legal entity in 
centimetre astronomy, JIVE remains actively engaged in discussions on the 
governance of European radio astronomy. 

 

 

JIV-ERIC Staff  
 
Prof. dr. Huib van Langevelde (m) is the director of JIVE and a professor in 
Galactic Radio Astronomy at Leiden University. He is an active astrophysicist, 
studying the formation, distribution and life cycle of stars, mostly through 
observations of molecular emission, often using the special properties of 
astrophysical masers. He is involved in several international consortia that carry 
out astrometric VLBI studies, measuring stellar motions and distances. In 
addition, he has contributed to various data processing tools and has been the 
lead on various past work packages that address user software and correlation 
platforms. As the director of JIVE he was the coordinator of (N)EXPReS and 
more recently he has completed the transition of JIVE from an internationally 
funded foundation into an ERIC. He is a member of the ASTERICS board, chair 
of the SADT consortium and member of the SKA Working Groups on Cradle of 
Life and VLBI. 

 

  
Dr. Arpad Szomoru (m) is the head of technical operations and R&D at JIVE. 
He has considerable experience as work package leader in several EC and 
NWO-funded projects. Notably, he was instrumental in the development of 
global real-time electronic VLBI. He also led the development of an FPGA-based 
computing platform as the basis of a next generation VLBI correlator. His group 
is currently working on expanding the capabilities of the SFXC software 
correlator, which was developed at JIVE, the upgrade to higher observing 
bandwidths throughout the EVN, and the research into high precision time and 
frequency transfer over public networks. Arpad Szomoru is the leader of the 
connectivity efforts in ASTERICS: “Connecting Locations of ESFRI 
Observatories and Partners in Astronomy for Timing and Real-time Alerts” 

 

The European Regional Data Center
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• J.-P. Vilotte (CNRS):                            
member of the External Advisory Board 
(with  I. Bird @ CERN & M. Zwaan @ ESO) 

• C. Ferrari (OCA):                                     
chair of the General Assembly


