
ASKAP COMMISSIONING RAMPS UP
After just a few months of commissioning with CSIRO’s 
Australian SKA Pathfinder, new images of the sky have 
confirmed the six-antenna ‘BETA’ test array is functioning 
properly as an aperture-synthesis telescope.

The Boolardy Engineering Test Array (BETA) represents the 
first six ASKAP antennas to be equipped with first-generation 
(MK I) phased array feed (PAF) receivers and all associated 
electronics – including beamformer, digital and analogue racks 
and literally thousands of fibres to tie all the elements together.

While BETA is primarily an engineering test array to help 
the ASKAP team prepare for the full fit-out of all 36 ASKAP 
antennas, observations have indicated some very early 
science may also be possible with the array and that key 
aspects of the telescope design, such as the third axis 
of rotation, are being successfully demonstrated. 

BETA was initially operated as two separate 3-element 
sub-arrays, intended to firstly satisfy the performance of 
these arrays in continuum mode, giving two independent 
engineering teams simultaneous access to functioning 
arrays before moving to a 6-antenna configuration. 

Reconfiguration of the hardware correlator into a single 
6-element array earlier this year created a stable ASKAP 
commissioning and testing platform and has resulted 
in a number of key early results for the team.  

The reconfiguration resulted in increased sensitivity, higher 
resolution and greater UV-plane coverage as well as an almost 
four-fold increase in the data output rate from the correlator. 

“ASKAP is now functioning properly as an aperture-
synthesis telescope,” said David McConnell, lead of the 
ASKAP Commissioning and Early Science (ACES) team.

From an engineering perspective, some of the highlights include:

•	 Confirmation that the digital systems generate nine dual-
polarisation beams; for each beam the correlator forms 78 
products, each with 16416 spectral channels over 304 MHz.

•	 Interferometric determination of antenna 
locations, with precision measured to within 
millimetres of the actual antenna position.

•	 Validation that the third axis of rotation – a unique 
feature of the ASKAP antennas – operates as required 
and is routinely used to locate, or fix, polarisation and 
offset-beam positions on the celestial coordinate frame.

•	 Successful beam formation measurement of Tsys across the 
entire BETA band; results were consistent with the single-
dish system temperature tests performed on a 40-element 
prototype PAF at Parkes in late 2013 (see ASKAP Update #5).

> CSIRO’s ASKAP antennas at the Murchison Radio-astronomy Observatory 
 (MRO) in Western Australia; the six ‘BETA’ antennas installed with Mk I  
PAF receivers are all pointing in the same direction.

>May 2014: A 12-hour continuum observation of an ASKAP test field, at 800 MHz. 
Dynamic range is approximately 50,000. Nine overlapping ‘beams’ were used 
to create this mosaic, which contains several hundred sources. Credit: CSIRO. 
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EARLY RESULTS
Already this year, the team has produced:

•	 15-baseline observation using the 6-antenna BETA 
and reconfigured hardware correlator in March, with 
over eleven-and-a-half million data products produced 
for every five second correlator integration cycle

•	 Spectral line ‘data cube’ of the strong gravitational 
lens system PKS1830-211, chosen for its strong 
HI absorption feature at 753 MHz; up to six hours 
of data was collected and analysed to create 
the first spectral line image, or ‘data cube’, with 
the ASKAP system – already shared with the 
ASKAP Survey Science Teams for analysis

•	 An excellent comparison of ASKAP data and data from 
the all-sky Sydney University Molonglo Survey (SUMSS); 
initial exploration of BETA imaging capabilities, 
using on a single beam from a PAF, focused on 
calibration source PKS B0407-658, with the resulting 
image showing all main sources clearly visible

•	 A 10 square degree image made from a single 12 
hour observation of a southern test field – the image 
covers an area of the sky 40 times larger than the full 
Moon, and was made from nine overlapping beams, 
with several hundred sources visible in the mosaic 

•	 An 11 hour observation of the large external galaxy 
NGC253, with 18 kHz resolution at 1400 MHz; the 
images bear a striking resemblance to images made 
with CSIRO’s Australia Telescope Compact Array (ATCA)

While these are early commissioning activities continue, 
the results demonstrate two key features:

1.	 The ASKAP antennas’ third axis of rotation – a design 
feature unique to the telescope – accounts for the 
freedom from artefacts normally expected when  
bright sources lie near the or beyond the edges of 
the primary beam.  These bright sources would be 
otherwise visible in images from a conventional AzEl-
mounted telescope, whereas ASKAP’s third axis of 
rotation keeps the distant responses to strong sources 
stationary in the image and therefore simple to correct. 

2.	 The stability of the PAF receivers over an extended 
observation period; the image fidelity achieved 
over a 12 hour observation would not be possible 
if the primary beam were not stable in time. 

>March 2014: First fringes achieved on all 15 baselines using BETA as a 6-antenna  
test array and the reconfigured hardware correlator.

>May 2014: A cut-out section of SUMSS data compared to an image produced with 
a single beam from an ASKAP PAF, focused on calibration source PKS B0407-658. 
Comparing the SUMSS image (left) to the BETA image (right) shows main sources 
are clearly visible in both images; the BETA image has a dynamic range of 12000:1.

>April 2014: The first spectral line ‘data cube’ produced with BETA - a comparison 
with spectra previously taken with the Westerbork Synthesis Radio Telescope at 
a similar resolution indicates an interesting opportunity for scientific follow up.

>May 2014: Observations of galaxy NGC253: imaged with (left) the ATCA and 
(right) the six-antenna ASKAP test array, both at 1.4 GHz.  
Credit: (ATCA) B Koribalski and the LVHIS team / CSIRO, (ASKAP): CSIRO.



>Members of the ASKAP Commissioning and Early Science (ACES) team during 
weekly ‘Busy Days’ in the Science Operations Centre. Credit: E Lenc.

‘BUSY DAYS’ ASSIST COMMISSIONING
Much of the recent rapid increase in commissioning progress 
with BETA has been thanks to weekly ‘busy days’ being held 
by the ASKAP Commissioning and Early Science (ACES) team. 

Working together on a wide variety of investigations into 
the performance of BETA , the ACES team has focused on 
data viewing and analysis facilities, and familiarisation 
exercises with the supercomputing environment.

Extended practical sessions are also being held to focus on 
data analysis in packages such as ASKAPsoft, the dedicated 
processing software developed by the ASKAP team. 

Progress is being made on the standard pipeline 
plots for data visualisation, and developing new 
results using the six-element BETA telescope.

“It’s encouraging to have everyone 
working as a team in the Science 
Operations Centre; sharing ideas and 
data is a crucial part of developing 
solutions to the challenges we 
face while commissioning BETA, 
and ultimately ASKAP.” 
- ASKAP Project Scientist Lisa Harvey-Smith of the ACES Busy Days

GALAXY GOES LIVE 
The ASKAP Central Processor – also known as ‘Galaxy’, the 
real time computer housed within the iVEC Pawsey Centre 
– officially went ‘live’ earlier this year, allowing access to the 
supercomputer to support ASKAP commissioning activities.

With dedicated data processing software, known as ASKAPsoft, 
now installed on Galaxy, the ASKAP commissioning team was 
granted access to begin calibration and imaging of ASKAP data.

Data are captured at the MRO, and later copied to the 
supercomputer in Perth for archiving and analysis. 

Supercomputing resources at iVEC’s Pawsey 
Centre will also be available for data-intensive 
projects across the scientific spectrum, including 
biotechnology, geosciences and nanotechnology.

A visualisation tool developed by the ASKAP Computing 
team, known as ‘akspd’, has also provided essential 
support to the recent commissioning successes.

The tool allows the Commissioning team to view BETA 
visibilities in real time, and remotely monitor and control 
the ASKAP antennas and their associated digital systems. 

They key advantage of the visualisation tool is the 
ability to run MRO commissioning activities remotely – 
whether staff are on site at the MRO or working from 
the Science Operations Centre at the CSIRO Astronomy 
and Space Science headquarters in Sydney.

The ability to examine data products in real time is crucial 
for debugging the BETA system and further remote 
observing and commissioning activities with ASKAP.

>An external view of iVEC’s Pawsey Centre in Perth, where the ASKAP 
Central Processor is already crunching data. Credit: iVEC.



CSIRO, NRC, AND ASTRON TEAM UP FOR SKA  
PRE-CONSTRUCTION TESTS
CSIRO has been working with representatives of 
the NRC (National Research Council, Canada) and 
ASTRON (Netherlands Institute for Radio Astronomy) 
to undertake a collaborative measurement 
program using three different receiver element 
designs as part of SKA pre-construction work.

The phased array feed (PAF) demonstrators 
are currently being tested at CSIRO’s Parkes 
Observatory, using the Parkes Testbed Facility.

The PAFs being tested are not full-sized arrays, but 
a representative array with which it is possible to 
emulate the performance of a full-size PAF.

The three arrays are:

•	 CSIRO: 40 element (5x4) chequerboard array 

•	 NRC: 41 element thick Vivaldi array

•	 ASTRON: 60 element (6x5) thin Vivaldi array

The testing program involves taking a comparative set of  
measurements of three different arrays using a common  
radio astronomy ‘back end’. 

>	(L-R)	Tom	Burgess	(NRC),	Bruce	Veidt	(NRC),	Roel	Witvers	(ASTRON),	Robert	Shaw	(CSIRO)	and	Douglas	Hayman	(CSIRO)	
with	the	three	PAF	designs	currently	being	tested	at	the	CSIRO	Parkes	Observatory	for	SKA	pre-construction.	Credit:	CSIRO.

This back end comprises the BETA prototype 
analogue signal processing, digitisation, beamformer 
and correlator located at the Parkes site.

According to Dish Consortium lead Mark McKinnon, the 
aim of this activity is to test arrays which use examples 
of the various element technologies currently being 
considered for use in the SKA-Survey telescope.

“This is the first time that any of the radio astronomy 
institutions involved in the SKA have worked together to 
test their individual PAFs in a common facility,” says Mark, 
“The tests will provide a useful performance benchmark, 
however they will not be the sole determining factor in 
element selection; it’s a great opportunity for collaboration.”

All three organisations are involved in various SKA 
consortia, announced by the SKA Organisation in 2013. 

This measurement program is a key collaborative exercise 
bringing together expertise from CSIRO and NRC for the 
Dish Consortium and ASTRON for LFAA and MFAA (the 
low- and mid-frequency aperture array consortia). 

Further analysis will continue, taking into account 
factors such as technology readiness, maintainability, 
manufacturability, and manufacturing cost.


