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FROM THE SKA PROGRAM DEVELOPMENT OFFICE

site characterization (see the Engineering
report by Peter Dewdney), and the
Funding Agencies in the Netherlands, Italy
and the UK are coordinating the “policy”
work packages on options for governance,
procurement and interaction with industry,
and funding respectively. With PrepSKA
and the supporting programs around the
world, the radio astronomy world has now
formally set out on the path towards a
proposal
for
SKA
funding
and
construction. Much remains to be done,
but the global team is already at work!

The international effort on SKA continues
to gather pace. The first six months of the
year saw a review of the preliminary toplevel specifications for the SKA, the long
awaited start of PrepSKA, the signing of
an agreement on RFI monitoring at the
candidate
SKA
sites,
significant
astronomical and engineering milestones
being reached by the ATA, LOFAR,
Apertif, and EMBRACE, the start of SPDO
recruitment of its senior engineers, and a
most successful two-week series of
meetings in Perth. In addition, Peter
Dewdney and Joe Lazio began work as
International
Project
Engineer
and
International Project Scientist respectively,
early in the year. This Newsletter covers
these issues and much more.

The SKA fortnight in Perth in March-April
covered almost all aspects of the SKA
program from science to management,
with engineering, a site visit and the first
SKA Forum in between. The Forum was
an
event
bringing
policy-makers,
politicians, scientists, engineers and
industry together to focus on the SKA.
The 2 week SKA-fest was a most
successful, if not tiring (!), time, and the
next instalment will take place in South
Africa from 18 - 27 February 2009.
Reserve these dates in your diaries.

The
SKA
Specifications
Review
Committee, with Roy Booth from South
Africa as Chair, went to work in January
and February, first to review the top-level
specifications (SKA Memo 100) and then
to write their report. They concluded that
the SKA is making strong progress
towards the key goal of defining a
consistent set of scientific and technical
specifications that can serve as the
fundamental starting point for SKA
development. The main concern raised by
the Committee involved the completeness
of the specifications and the process by
which these can be made complete. They
suggested developing a Reference
Science Mission to address many of the
specification issues quantitatively in the
context of specific experiments. This and
their
other
concerns
and
recommendations are being worked on
actively by the SPDO and the SWG.

One of the Perth milestones was the
signing on 10 April (Figure 1) of the
Agreement
on
Radio
Frequency
Interference Monitoring 2008-2011, by
CSIRO Australia Telescope National
Facility representing the candidate site in
Australia,
the
National
Research
Foundation representing the candidate site
in South Africa, ASTRON in the
Netherlands, the SPDO and the University
of Manchester. This Agreement sets out
the
measurement
protocol,
the
instrumentation
plan,
and
the
measurement plan to be followed in the
monitoring campaign carried out as part of
PrepSKA Work Package 3 by the
signatories to the Agreement.
The
objectives of this campaign are to:
i. Characterise the RFI environment with
1,000 to 10,000 times more sensitivity
than was achieved for the initial site
evaluation exercise in 2005-6 prior to
the site short-listing;
ii. Inform design decisions in PrepSKA
Work Package 2 on SKA Design;

PrepSKA began on 1 April and will run for
3 years initially, with a fourth year needed
to complete the work. There is a strong
expectation that the extra funding will be
forthcoming.
The UK’s Science and
Technology
Facilities
Council
is
coordinator for PrepSKA and Phil
Diamond (University of Manchester) is
Scientific Coordinator; Phil describes the
overall program elsewhere in the
Newsletter. The SPDO is coordinating the
Work Packages on the system design and

2

iii.

iv.

Establish a zero point for RFI
measurements for the vacant sites
and monitor how well RFI issues are
handled at the two sites over time; and
Inform the decision on site selection.

Now well into its seventh month in
Manchester, the expanded SPDO is
beginning to take shape. In addition to the
old hands - Colin Greenwood (Executive
Officer/Business Manager) and myself Peter Dewdney, Lisa Bell (Office
Manager), and Neil Roddis (our first
Domain Specialist) have arrived. A further
6 appointments are expected in the next
few months.

Preparation of the instrumentation is
underway under the guidance of Peter
Dewdney, but this role will be taken over
by the Site Engineer once that
appointment is completed.

Richard Schilizzi
Director

Figure 1.

Signing of the Agreement on Radio
Frequency Interference (RFI)
Monitoring, 2008-2011 by (from left)
Richard Schilizzi, SPDO; Phil Diamond,
The University of Manchester; Bernie
Fanaroff, NRF; Mike Garrett, ASTRON;
and Brian Boyle, CSIRO-ATNF. Credit:
Colin Greenwood.
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NEWS FROM THE PROJECT

ENGINEERING
I took up the position of International
Project Engineer a few months ago and
moved to Manchester in mid-May. In the
time since then Richard Schilizzi and I
have been pre-occupied with recruitment
of SPDO engineering staff, and I am very
pleased with the experience and calibre of
the applicants for these positions. I have
spent the balance my time understanding
the scope of the PrepSKA programme,
and planning for its execution. This will
take a while longer as we integrate the
rest of the team into the University of
Manchester environment; define tasks at a
more detailed level, and begin to work with
the global network of partners.

System and site perspectives will be
provided by a system engineer and a site
engineer. An additional person to assist
with project management is also being
considered. Each of these appointments
is at a slightly different stage. One of them
is working already at the University of
Manchester, and we expect most of them
to be in place in Q3 or early Q4 of 2008.
These people will in future be supported
by additional engineering and technical
staff. We plan to introduce these people in
the next SKA newsletter, once all of the
appointments are made officially.

I would like to take this opportunity to
thank Peter Hall, my predecessor, for the
many years of work as International
Project Engineer, realising that he was
also active on this project almost from the
beginning. His particular skill in organising
the efforts of the Engineering Working
Group and associated task forces has
carried the project to an advanced state.
The volunteers on these groups have
dedicated a lot of time to developing the
SKA concept to the point where it is has
captured the attention of governments
around the world as the next generation
telescope in “classical” radio astronomy.
In the PrepSKA era, in which we have a
much larger staffing of the SPDO, we will
have to evaluate the role of the EWG, and
work out how best to take advantage of
their skills, background and experience
with the SKA. As a minimum, we will be
asking them to serve in an advisory and
reviewing capacity. This could develop
further as we get a better grip on the
scope of the work needed to reach our
goal of developing a costed system
design.

Apart from the recruitment drive, SPDO
efforts have concentrated on defining the
scope of PrepSKA in an operational
sense. Although this work is not likely to
be complete in detail until after the senior
SPDO staff have been in place for a while,
a good start is being made. Over the next
few months, we plan to:

Engineering Activities

•

Refine the goals and deliverables of
the PrepSKA technical work packages
(WP2 and WP3) in detail, and analyze
the program for consistency, gaps,
and feasibility;

•

Work with the Project Scientist and the
Science Working Group to scope out
the Reference Science Mission (see
the Science report), and to develop
methods on how to test the potential
designs of the SKA and its
components against the RSM;

•

Put together a project management
plan by which the PrepSKA technical
work packages can be executed,
together with our partner institutions
around the world. This is a complex
task in itself, and will require an
investment of time and organization at
the beginning that will pay off in the
end. This plan will include agreements
with the sixteen partner institutions,
which will outline their deliverables
and timetables;

•

Carry out an information-gathering
program to assemble a picture of

Recruitment

The
SPDO
is
appointing
senior
engineering
domain
specialists
in
receptors
(antennas/feeds/receivers),
signal transport and networks, signal
processing,
and
computing/software.
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•

•

SKA-related R&D in the Pathfinder
and Design Study projects around the
world;

•

Continue work with partners in the UK
and Australia on tools for estimating
the cost of the SKA; and

Following the signing of the agreement
on RFI measurements, assemble the
equipment needed to carry out the
next RFI campaign, which will be
much more sensitive than the previous
one;

•

Outline a plan for the next year of
activity, beginning July 2008.

Peter Dewdney
International Project Engineer, and Chair EWG.

Plan the work needed to support the
PrepSKA
work
package
on
procurement (WP5);

SCIENCE
required to execute the SKA Science
Case. A minimal set of components for
the SKA Reference Science Mission
include (with the relevant Key Science
Project that they execute listed in
parentheses):

During the first half of 2008, the Project
Scientist role transitioned from Bryan
Gaensler to Joseph Lazio. The entire
SWG thanked Gaensler for his work over
the past two years and his efforts in
developing the SKA Science Case and the
“Preliminary Specifications” document.

•

Deep H I Field
Follow galaxy assembly and evolution
over a significant fraction of cosmic
time
and
make
cosmological
observations
(“Galaxy
Evolution,
Cosmology, and Dark Energy”).

•

Wide Area
Simultaneously, make cosmological
observations
and
construct
a
gravitational
wave
observatory
(“Galaxy Evolution, Cosmology, and
Dark Energy” and “Strong-Field Tests
of Gravity with Pulsars and Black
Holes”).

•

Galactic Plane
Use neutron stars as probes of
gravitational and nuclear physics;
(“Strong-Field Tests of Gravity with
Pulsars and Black Holes”).

•

Galactic Centre
Probe the space-time environment
near the closest super-massive black
hole (“Strong-Field Tests of Gravity
with Pulsars and Black Holes”).

Activities involving the Science Working
Group since in 2008 have included:
SKA Specifications Review

The review was held on 29-30 January
2008, with a presentation by the Project
Scientist on the SKA Science Case, the
derived science requirements, and the
“Preliminary Specifications.” Numerous
SWG members contributed to honing the
science requirements and assisting with
preparing for the presentation.
In its
report, the review committee praised the
scientific potential of the SKA. However, it
also noted some difficulty in a clear tracing
of the science case to the science
requirements
to
the
engineering
requirements and recommended the
development of a “reference science plan”.
Reference Science Mission

Following the recommendation of the SRR
Committee, the Project Scientist and SWG
began development of a Reference
Science Mission. The term “Reference
Science Mission” was chosen to align the
SKA
with
other
major
projects
(PanSTARRs, LSST, JWST, etc.), which
typically
have
“Design
Reference
Missions.”
The Reference Science
Mission is intended to lay out clearly the
science requirements on the observations

For all components, it is anticipated that
the observations would be conducted so
as to explore the largely unknown dynamic
radio sky, consistent with the SKA design
philosophy of “Exploration of the
Unknown.” One of the key questions is
the role of deep continuum observations,
as they appear to be quite demanding on
the instrumental requirements and there is
the perception that the science need for
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such observations has not yet been
articulated as clearly as it might be.

Deep Surveys of the Radio Sky with SKA
Pathfinders

Exoplanet Forum

Over 200 scientists, engineers, and policy
makers attended a series of about 10
meetings in and around beautiful Perth,
Australia, during the SKA fortnight (31
March - 11 April 2008). A major focus of
these series of meetings was the science
conference “Deep Surveys of the Radio
Universe with SKA Pathfinders,” chaired
by Lister Staveley-Smith (see the report
under Meetings).

An international group of astronomers is
preparing
an
extensive
document
describing the various techniques for
detecting and characterising extra-solar
planets, motivated by the recent Exoplanet
Task Force report. The SKA will be
mentioned in two chapters, one for
detection of the magnetospheric emission
of extrasolar planets and the other on
astrometric studies. While neither form a
key science driver for the SKA, it is
important that the larger community
recognise that the SKA will deliver
scientific results beyond its main scientific
foci.

One of the associated meetings was a
Calibration and Imaging Task Force
workshop led by Tim Cornwell, see report
on p13. There are several groups working
on similar imaging problems, connected
with correcting for the ionosphere,
obtaining high dynamic range, and
correcting for pointing errors. In addition
to serving as an opportunity for these
groups to interact, this forum increased the
exposure of the science community to
many of the possibilities and problems,
notably including low-frequency imaging
through the ionosphere.
Similar
juxtapositions of technical and science
meetings in the future would seem
profitable.

Science Synergies

The SKA science profile continues to
increase.
Members of the SWG are
attending
more
conferences
and
workshops, with more multi-wavelength or
multi-messenger
emphases,
and
presenting the science case for the SKA
as well as science synergies with facilities
across the spectrum. A recent example is
the workshop “Far-Infrared Astronomy
from Space” which invited participation
from the SKA Program.

Joseph Lazio
International Project Scientist, and Chair SWG

SIMULATIONS
FPA simulations

One of the goals of the SKA is high
dynamic range imaging. Generally, this is
accomplished with a system whose
instrumental response is constant as a
function of time and position. One way of
attempting to do this with our simulated
FPA is to adjust the weights so that a
phased-up beam has a constant total
power response.
The resulting total
intensity (Stokes I) beams phased up on
boresight and at an offset of 2 x FWHM
are shown in Figure 2. However, while the
phased up total intensity responses
appear similar, the same cannot be said of
the
corresponding
Q
instrumental
polarization responses. These are shown
in Figure 3. There are significant changes

Tony Willis, Bruce Veidt and Andrew Gray
of NRC have been simulating astronomical
observations made with focal plane arrays
(FPA). Using the commercial GRASP
antenna design package, they created a
simulated array of 90 dipole elements in
each of the orthogonal X and Y directions,
mounted at the focal point of a 10 meter
dish and operating at a frequency of 1500
MHz. The spacing between the dipole
elements is half a wavelength. This is not
meant as a realistic design for an FPA, but
as a good test-bed for examining the
behaviour of an FPA from the viewpoint of
reducing data obtained with an aperture
synthesis radio telescope.
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MEqTrees to "read" and interpret data
from simulated radio survey catalogues
produced by a parallel SKADS activity at
University of Oxford (H.-R. Klöckner et al.)
and further on to depict the degradation in
image quality -- morphology and flux
estimate of individual point sources.

in the instrumental Q response as we
move away from boresight. Further work
is required to understand how to correct
for instrumental polarization, but it is clear
that for wide field imaging observations a
significant computational effort will be
required.

Figure 2.

Figure 3.

In another effort under the SKADS
Astronomical Data Simulations, the group
at the MPIfR in Bonn (D. Vir Lal, A.
Lobanov) worked on the methodology to
run extensive numerical tests of the
analytical figures of merit based on the
Spatial Dynamic Range (SDR). The work
is based on the in the SKA Memo No. 38
by A. Lobanov. The exercise employs
several scripts (in Fortran, Glish, Octave
and C++) which run in sequence to
automate the process and provide a
structured, uniform, repeatable and robust
results. A new SKA Memo describing the
SDR-based algorithm for characterization
of SKA configurations is in preparation.

Simulated Stokes I beams on boresight
(left) and 2xFWHM offset from boresight
(right).

The “domestic” SKA simulation efforts
concentrates in Australia and South Africa
in collecting information on “geographical
masks” in a uniform format enabling
inclusion of the local geo-limitations in the
simulation efforts. This work begins from
relatively coarse digital “cartography” and
will
eventually
result
in
rather
comprehensive digital representation of
the potential SKA configurations centred in
South Africa and Australia.

Simulated Stokes Q beams on boresight
(left) and 2xFWHM offset (right).

The SimWG continued its activity in
support to various aspects of the SKA
design efforts.
Under the auspices of the EC FP6 SKADS
project, the work on SKA Astronomical
Data Simulations project proceeded along
the two following lines. The Dwingeloobased collaboration of ASTRON and JIVE
(O. Smirnov, G.A. Shanmugha Sundaram
et al.) continued to develop the MEqTrees
Simulations package for creating a so
called Local Sky Model (LSM) with
"corruption" factors both in the image and
the u-v plane incorporated as relevant
Jones
matrices
in
the
classical
measurement equation. At the current
stage of the project, the influence of errors
associated with pointing the SKA aperture
array beam towards a direction or source
of interest -- offsets -- and their influence
on
the
observed
visibilities
and
reconstructed image quality are being
addressed. Fig. 1 represents an example
of a simulation run with a specific SKA
configuration
and
simulated
multicomponent source morphology. The effort
has demonstrated the flexibility of

Figure 4.

Fig. 1 Simulated field of view of a pointsource cluster with four different beam
pointing off-sets (pe)

Leonid Gurvits
Chair SimWG
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SITE EVALUATION
The Murchison Site in Western Australia

During the weekend prior to the SSEC 1
meetings in Perth last April, a group of
SKA scientists and engineers (Figure 5)
visited the Murchison Radio Observatory
site in Western Australia. The trip was
kindly and carefully organised by Dave
DeBoer. We all flew to Geraldton from
Perth and had a cordial breakfast with the
city officials.

Figure 5.

Visiting the Murchison Radio
Observatory Site in Western Australia
(the hat/nets are to avoid the flies!).

Figure 6.

The Murchison Radio Observatory site.

Figure 7.

The Murchison Radio Observatory site
and our transport vehicles.

Figure 8.

The MIT / Australia low frequency tiles.

The weather was rainy and, with our four
heavy duty, four wheel drive jeeps, we
began to drive into the desert the long way
around to avoid possible road floods on
the way. The roads of red clay were wet
and bumpy and one of our vehicles did
manage to get stuck in red mud, but after
some eight hours we all made it to a lovely
isolated desert mansion where a lavish
dinner was ready for us.
In the morning we drove to the site and
walked around the Western Australian
desert and inspected the few low
frequency MIT/Australia tiles scattered on
the desert floor, and also the RFI
monitoring system (see Figure 6, Figure 7,
and Figure 8). For a moment I closed my
eyes and imagined the SKA spread across
the endless desert. For most of the drive
to the site and back we rarely saw other
vehicles. A few kangaroos were seen
jumping up and down and there were
some huge wild bulls.

In less than a year we anticipate making a
similar trip to the site in Southern Africa.
Yervant Terzian
Chair SEWG
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OUTREACH
Membership

SKA Animation

We are very pleased to report that Femke
Boekhorst of ASTRON, the Netherlands,
and Mark Adams of the National Radio
Astronomy Observatory, USA, have
agreed to join the Outreach Committee.
Femke is head of Public Relations and
Communications at ASTRON and Mark is
the Assistant Director for Education and
Public Outreach at NRAO. Together, they
will add great strength to the group and it
means that much of the world's SKA
activities now have direct links to the
Committee.

Xilostudios have completed an upgrade of
the SKA animation and normal and high
resolution versions can be downloaded
form the international SKA website
(www.skatelescope.org). The animation
now shows the more densely packed
region of dishes near the centre of the
core and some of the some of the outer
stations. The work was largely done in
2007 and still has the phased array at the
heart of the central core. This will be
revised in the next few months to show the
phased array outside the central core and
also a nearby low frequency array (see).
CDs of the current animation will be
available shortly from the SPDO.

Earlier this year, Ian Morison took over as
Chair of the Outreach Committee from
Michael Kramer. The members of the
Committee would like to take this
opportunity to personally thank Michael for
the outstanding work that he as done in
the role over the last couple of years and
are glad that, as he remains with us, his
great expertise is not lost. Lisa Bell, and
Colin Greenwood, both part of the SPDO
in Manchester, are being of great help in
providing support to the Committee and
thanks are also due to them both.

Several images from the new animation
can
be
downloaded
from
www.jb.man.ac.uk/public/im/SKA.html and
will shortly be available from the
international SKA website. One of images
has been modified to show the phased
array adjacent to the central core, see
Figure 9.

SKA Brochure

A new SKA brochure was published early
in the year and it has been well received.
The great effort that Michael Kramer put
into producing the new brochure is much
appreciated. The first print run of 2000
copies was completed in the UK and
distributed world-wide, with a large
number going to Perth, Australia for the
SKA-related events in April.
A few
updates have been made since then. For
example, a picture of the new SKA
Science
and
Engineering
Steering
Committee (SSEC), taken at their
inaugural meeting in Perth, has been
included. Currently, a print run of 8000
copies is in progress in India, from where
they will be distributed world-wide.

Figure 9.

Modified image from the SKA Animation
(courtesy: Xilostudios / Ian Morison)

Posters

The Outreach Committee has offered to
produce posters, either the artwork for
local printing or the final laminated poster,
for any use to help promote the SKA. A
poster template has been produced which
can include material as required. A simple
"Time Line" poster was created for the
Perth Meetings and, more recently a
"Science Goals" version, shown in Figure
10. A technology poster is in production.
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SKA website

Please contact the OC Chair if you require
a custom SKA poster to support your work
at meetings or conferences.

The international SKA website is now
hosted on the servers at the Jodrell Bank
Centre for Astrophysics, where the SKA
Program Development Office is located.
We are well aware that there is plenty of
scope for improving the user experience
for visitors to the website and so it is
intended to redesign the website in the
near future. To kick off the revamp of the
website, a questionnaire will be circulated
as part of the process to consult users
about the changes needed. We intend to
move to a more dynamic website that will
be easier to maintain and to keep the
content up-to-date. Once the design and
functional specifications of the new
website are established, web consultants
will be engaged to develop the new
website.
Roadmap

A detailed roadmap has been produced
which shows the activities of the Outreach
Committee up to the third quarter of 2009.
This roadmap will provide a template to
guide the efforts of the Outreach
Committee over the next 18 months.

Figure 10. SKA “Science Goals” poster

Ian Morison
Chair Outreach Committee

MEETINGS
The International SKA Forum, Perth, Western
Australia

The SKA ‘fortnight’ in Perth
A series of successful and well attended
meetings and social events for the
international Square Kilometre Array
community were held in Perth, Western
Australia, during the fortnight 31 March to
11 April 2008.

On 9 April 2008 the Australian SKA
Coordination Committee hosted the
International SKA Forum at the Duxton
Hotel in central Perth.
The Forum was attended by around 200
people, with strong representation from
SKA program office holders, government
officials and scientists from around the
world, industry and local stakeholders.
This was the first time such a diverse
group has met to be briefed on the SKA
and participate in discussion on the
project.

Highlights of the fortnight included a major
scientific conference on SKA Pathfinder
science, an SKA Science and Engineering
Committee meeting, the International SKA
Forum 2008, the inaugural meetings of the
SKA Preparatory Study Working Groups
and Board and a Swan River Valley winery
cruise.

The Hon Kim Carr, Australia’s Minister for
Innovation,
Industry,
Science
and

10

Research, and the Hon Alan Carpenter,
Premier of Western Australia, gave
opening addresses to the Forum (Figure
11 and Figure 12). They stressed the
commitment of both the Australian
Government and the Government of
Western Australia to the SKA and their
willingness
to
work
with
other
governments and their agencies to ensure
its success.
So far, they reported,
Australian governments have committed
funding to the SKA project totalling almost
$150 million.

over the coming decades, and the
infrastructure they will need to meet those
goals.
The discussion was aimed at
providing a broader context to the science
case for the SKA.
Professor Garth Illingworth of the
University of California Santa Cruz,
UCO/Lick Observatory, who coincidentally
spent his early life in Perth, gave the
keynote address. He outlined some of the
big questions facing astronomers, such as
the nature of dark matter and energy and
the origins of the first stars and galaxies.
He then described the current ‘toolbox’ of
astronomy and future toolbox now being
planned. Professor Brian Boyle, Director
of the Australia Telescope National
Facility, spoke further on the specific
science case for the SKA as part of that
toolbox.
A
distinguished
panel
comprising
Professor Ron Ekers of Curtin University/
CSIRO ATNF, Professor Steve Rawlings
of Oxford University and Professor Joseph
Lazio, of the US Naval Research Institute
and International SKA Project Scientist,
further elaborated on the big questions
and the challenges faced by the
international astronomy community in
addressing them.

Figure 11. Senator the Hon Kim Carr, Australian
Government Minister for Innovation,
Industry, Science and Research
delivering his Forum opening address.
Credit: EventPhotos

The second Forum session saw key SKA
office holders providing updates on the
status of the SKA program. Professor
Richard Schilizzi, Director of the SKA
Program Development Office, kicked off
the session with an overview on the SKA
process and structures. Professor Philip
Diamond
from
the
University
of
Manchester/Jodrell Bank Observatory
elaborated on the SKA Preparatory Study
work which is now underway by a number
of institutions around the world in a range
of SKA design, R&D, site evaluation and
policy development areas.
Finally
Professor John Womersley of the UK
Science and Technology Funding Council,
speaking on behalf of Informal SKA
Agencies Group, outlined the current
status
of
the
international
intergovernmental process for SKA decision
making and plans to develop this further
over the next 12 months.

Figure 12. The Hon Alan Carpenter, Premier of
Western Australia opening the Forum.
Credit: EventPhotos

In the afternoon session, teams from
South Africa and Australia gave updates
on the status of the SKA candidate sites
and the associated pathfinder projects.

The morning session was taken up with a
series of presentations on the ‘big
questions’ that the global astronomy
community will be endeavouring to answer
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Deep Surveys of the Radio Universe with SKA
Pathfinders

These presentations were followed by
presentations and discussions on the
challenges and opportunities for industry
in the SKA program and the potentially
catalytic role the SKA could play worldwide in science education and outreach.

This was the major science meeting of the
“SKA Fortnight” in Perth, and attracted
around 170 participants, with over 100
from overseas. The Scientific Organising
Committee delivered a great science and
technology program dedicated to progress
with SKA Pathfinders, but set firmly in the
context of science and technology for the
SKA itself. Conference delegates were
‘welcomed to country’ by Professor Joan
Winch, an Elder of the local indigenous
Noongar people who are the spiritual and
physical custodians of the land on which
the University of Western Australia (UWA)
is built.
UWA Vice Chancellor Alan
Robson and Western Australia’s Chief
Scientist Lyn Beazley also extended a
warm welcome to delegates, expressing
their delight at being host city to such a
large
gathering
of
international
astronomers;
both
speakers
also
emphasised that the pursuit of scientific
excellence and involvement in further
international collaborations is a high
priority for the university and the state of
Western Australia.

Professor
Peter
Dewdney,
the
International SKA Project Engineer,
outlined the significant engineering
challenges the SKA partners, including
industry, will have to overcome in order to
build the SKA with its planned functionality
and within budget.
Dr Jill Tarter of the SETI Institute,
Professor Justin Jonas, the South African
SKA Project Scientist, and Mr Alan Brien,
CEO of Scitech, put forward a convincing
argument that the SKA, and in particular
its ‘cradle of life’ research goals, can be a
valuable hook to help stimulate a passion
for science. Dr Tarter urged the Forum to
realise that science communicators would
do well to take advantage of the interest in
the possibility of extra-terrestrial life to
draw young people into a lifetime
involvement in science and engineering in
its diverse forms.

The “SKA Pathfinders” meeting had the
dual purpose of providing an update on
activities in all of the major pathfinders
(ASKAP, APERTIF, ATA, EVLA, FAST,
LOFAR, LWA, MeerKAT, and MWA) as
well as exploring science possibilities and
synergies with them.

After the Forum proper there were
opportunities for more networking at an
SKA Program Development Office industry
cocktail function and later in the evening at
the SKA Forum dinner overlooking the
beautiful Swan River.
Overall, participants in the International
SKA Forum 2008 enjoyed a busy and
diverse day of information sharing, debate
and networking. The organisers trust that
all came away with a fuller understanding
of this significant global science project
and a renewed enthusiasm for the hard
work ahead. Next year the Forum moves
to South Africa.

The meeting began with Richard Schilizzi
(see Figure 13) and Joseph Lazio placing
these pathfinders and their science in the
larger context of SKA.

For further information on the International
SKA Forum 2008 please go to
www.ska.gov.au.
Copies of all the
presentations given on the day and a list
of participants can be downloaded from
the site.
The presentations are also
available
for
download
from
the
international
SKA
website
(www.skatelescope.org).

Figure 13. Opening talk presented by Richard
Schilizzi, Director SKA Program
Development Office, who praised the
city of Perth as a dynamic and growing
centre for radio astronomy. Credit:
CSIRO

ASCC Secretariat,
Department of Innovation, Industry, Science
and Research, (DIISR), Canberra
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topics, which highlighted the power of
joint optical/radio and other multiwavelength surveys.

There followed reports from astronomers
and physicists associated with the various
pathfinders describing the opportunities.
Notable science foci of their talks included
transient science, 21-cm galaxy and EoR
science, AGNs, and magnetic fields.
Leaders of major projects at other
wavelengths also introduced their projects
and explored the synergies between the
radio and other wavebands. The strong
synergies between the SKA and its
pathfinders motivated many to consider
science
based
multi-wavelength
workshops.

Figure 14 shows some of the conference
participants.

The SKA pathfinders also present the
opportunity to explore various technical
challenges associated with the SKA itself.
Talks on this topic included an emphasis
on computing, array technology (aperture
and focal plane), and low-frequency
imaging.

Figure 14. Participants to the "Deep Surveys"
conference pictured outside the UWA
University Club. Credit: Paul Ricketts,
UWA Centre for Learning Technology

Notable science-related results of the SKA
fortnight:
•

•

Impressive images from LOFAR, now
going deeper than the 4C catalogue,
with an off-source dynamic range of
1:10,000.

Diana Londish,
CSIRO ATNF
Joseph Lazio,
International SKA Project Scientist

The first ATA-42 images of M31, M33,
a couple of galaxy groups, and a 200
deg.2 mosaic; it is also doing a fly'seye experiment for Lorimer-type
bursts.

•

The first WSRT-APERTIF image of
M31; a system temperature of 135 K
was demonstrated.

•

SKADS simulations are reaching
maturity and will be extremely useful in
guiding SKA and Pathfinder science
and technology programs.

•

Numerous presentations (led by J.
Cordes), combined with the strong and
diverse science themes, induced
many participants to start thinking
about parallel use observing on the
SKA, e.g., H I imaging at a redshift z =
2 simultaneously with a dark energy
survey or continuously timing pulsars
whilst doing a ultra-deep radio
continuum survey.

•

Lister Staveley-Smith,
University of Western Australia

Report on the Third SKA Calibration and
Imaging Workshop

Forty people attended the third workshop
on SKA calibration and imaging, held in
Perth, Australia, on 7 - 9 April 2008. The
workshop was hosted by the SKA, CSIRO,
and the University of Western Australia. It
was chaired by Tim Cornwell and the
following is based on his report of the
event:
The two previous workshops covered the
challenges presented by the Square
Kilometre Array in the areas of calibration
and imaging. This workshop covered the
same area but with slight shift in focus
towards computing cost and performance.
The topics covered included:

A particularly rich area for multiwavelength collaboration is likely to be
transient science., but it is clear that
arcsecond
radio
positions
are
required. Good interactions with
members of the optical community
took place concerning a number of
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•

Wide field imaging,

•

Aperture arrays,

•

Phased array feeds,

•

Calibration and Imaging algorithms,

•

Ionospheric calibration,

•

Simulation of observations,

•

Parallelization of algorithms,

•

Pipelined processing,

•

Computational costs of algorithms,

•

Use of supercomputers, accelerators,
and special purpose hardware,

•

Other topics relating to calibration and
imaging issues for SKA and next
generation radio telescopes.

algorithm must feedback into each other in
order to find an optimal computing solution
for SKA. The next meeting in this series
will therefore be a 5-day meeting and the
theme will include high performance
computing for SKA.
The program and presentations of the
workshop are available at:
http://calim2008.atnf.csiro.au/cgibin/twiki/view/Main/WorkshopProgram

Correcting and solving for various direction
dependent (DD) effects and high
performance computing needs for SKAclass telescopes emerged as two
dominant areas of discussions in this
meeting. It was recognised that one of the
dominant DD effects for SKA-class
telescopes is the time varying primary
beam (PB). Algorithms for PB calibration
are however computationally expensive
and it is not yet clear if it will be possible to
solve for PB errors to the required
accuracy with affordable computing.

NRAO/Socorro has offered to host the
next meeting about a year from now. The
Scientific Organising Committee (SOC)
has gratefully accepted. Sanjay Bhatnagar
will take the lead in organising the
meeting.
On behalf of the participants, the SOC
would like to thank the Local Organising
Committee, particularly Lister StaveleySmith and Toby Potter, for superb
organisation of the meeting.

Algorithms for the correction of PB rotation
during image deconvolution, antenna
pointing SelfCal, correction for nonisoplanatic ionospheric phase gradients
and multi-scale multi-frequency synthesis
were presented.
Application of these
algorithms to real data show encouraging
results and signify significant progress in
these difficult areas relevant for SKA
imaging and calibration. The algorithms
presented in the meeting can be classified
in two distinct categories, both of which
deliver similar imaging performance. The
computing requirements however are very
different for the two approaches and an
important consideration for SKA.

Tim Cornwell,
CSIRO ATNF
SKA Design Studies Workshop (SKADS),
Curtin University

SKADS is a design study primarily
focussing on the development of novel
receiver technologies suitable for radio
astronomy - the development of an
aperture
tile
array
demonstrator
(“EMBRACE”) and a prototype, digital,
aperture tile array (“2-PAD”). Australia is a
full participant in SKADS, with major
contributions from CSIRO and Swinburne
University.

Status of a number of software packages
for imaging and calibration was also
presented. CASAPY, ASKAPSoft, and
Obit packages have advanced imaging,
calibration and simulation capabilities
while MeqTrees and MAPS packages are
tailored for simulations.
Preliminary
results from the BBS package for LOFAR
calibration were also presented.

On 10 April 2008, the SKADS project
convened
a
half-day
workshop,
generously hosted by, and held at, Curtin
University in Perth (Figure 15).
The
workshop was open to all interested
participants with the intent to exchange
design,
development
and
costing
information within SKADS, ASKAP and
other
SKA-related
international
programmes.

The data volumes from various SKApathfinder telescopes will be in the range
of
1-100s
TBytes/day
and
the
corresponding computing requirement will
be in the range of 1-100 TFLOP.
Currently, a number of possible hardware
solutions are being explored.
It was
widely
recognised
that
algorithm
development and resulting computing
needs are closely coupled. Efforts to find
optimal computing hardware solutions and
research in imaging and calibration
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successful symposium and thanked the
University for its hospitality.
More information on EU SKADS can be
found at http://www.skads eu.org and the
presentations are publicly available.
Peter Hall,
Curtin University of Technology.
Steve Tingay,
Curtin University of Technology,
Figure 15. Photo: SKADS workshop participants.
Credit: Curtin University.

Carole Jackson,
CSIRO ATNF

This was one of a series of workshops and
themed meetings held under the EUfunded Sixth Framework Programme for
the SKA Design Studies. The workshop
was opened by Curtin Pro-Vice Chancellor
Prof Linda Kristjanson. There was then a
brief walk through of current progress, the
most notable being work done by
ASTRON and partners in France, Italy and
Germany on the “design for manufacture”
studies on aperture tile arrays.

Arnold van Ardenne,
ASTRON
An update on SKA performance and cost
modelling

During April a small international team
devoted a week at Curtin University to
mapping out the next stages of
development for the SKAcost tool.
Participants in the workshop were Rosie
Bolton
(Cambridge),
Dominic
Ford
(Cambridge)
and
Andy
Faulkner
(Manchester) from the SKA Design
Studies group, along with Peter Hall
(Curtin) and Tim Colegate (Curtin /
SPDO). See Figure 16.

There was a short presentation on
Australia’s experience with engaging
industry, building relationships and
collaborative efforts towards a major SKA
pathfinder (ASKAP project), which has
many lessons for the wider SKA effort.
The remainder of the meeting involved
discussions about the cost modelling of
SKA systems, work initially undertaken by
the International SKA Project Office (now
the SPDO), Curtin University and CSIRO.
The costing models are now being
extended and enhanced by a multinational team operating largely within the
SPDO, SKADS and Curtin, allowing all
SKA-related technologies to be costed on
the same basis to the same level of rigour.

Figure 16. Rosie Bolton and Anna Scaife
(Cambridge), Tim Colegate (Curtin) and
Dominic Ford (Cambridge) – Rosie, Tim
and Dominic are engaged in the
development of the SKA costing
package. Credit: Curtin University.

The workshop was followed by a pleasant
lunch in the Chancellery building, with
Minister Kim Carr attending. The Minister
outlined his belief in international projects
like EU SKADS, noted the strong role of
the EU partners and described the
excitement of the international SKA
project. During her lunch address, Prof
Kristjanson announced the formation of
the Curtin Institute of Radio Astronomy
(CIRA)
and
underlined
Curtin’s
enthusiasm for the SKA and PrepSKA.
Prof van Ardenne referred to the many
synergies
between
Australian
and
European SKA work, noted a most

Discussions centred on reviewing the
underlying architecture of the costing tool
to ensure greater accessibility to people
outside the SKAcost development team.
During the same period Sascha Schediwy
(Oxford - SKADS) spent some time at
Curtin University transferring his aperture
array cooling simulation into the SKAcost
environment.
This was carried out
successfully and there will be lessons
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University of Manchester)

learned which can be incorporated as
improvements to the tool interface.
The
web-based
interface
to
the
performance and cost tool was used
towards the end of last year by the
Specification Tiger Team members in
modelling dish-based solutions for the
Preliminary Specifications for the Square
Kilometre Array document (SKA Memo
100). The web-based tool was used in
some “what-if” scenarios, and explored
possible trade-offs that could be made.
With such a large design space, the ability
to explore trends in the cost and
performance of the SKA has proven
essential. It is anticipated that the next
major release of SKAcost, due in August,
will have an improved interface for the
domain experts to use, as well as a refined
aperture array model. The aim is to
separate the tool’s engine from the
modelling information which is fed to the
tool. Later this year, we will be scouting
around for input from various domain
experts to improve the accuracy of the
modelling. As the various SKA pathfinders
develop, it will be crucial that information
from these instruments is fed into the
SKAcost modelling domain.

Work Package 2
SKA Design (leading participant:
SPDO / Central Design Integration
Team)

•

Work Package 3
SKA site characterisation (leading
participants: SPDO and Australian and
South African SKA teams)

•

Work Package 4
SKA governance (leading participant:
Nederlandse
Organisatie
voor
Wetenschappelijk Onderzoek)

•

Work Package 5
SKA procurement and industrial
involvement
(leading
participant:
Italian
National
Institute
for
Astrophysics)

•

Work Package 6
Developing the funding and funding
model for SKA (leading participant:
UK’s
Science
and
Technology
Facilities Council)

•

Work Package 7
Production of final report and SKA
implementation
plan
(leading
participant: University of Manchester)

At the meeting, the Board approved the
preliminary outlines of all work packages
and the detailed high level work plans for
work package 2.
In addition, an
agreement for the RFI monitoring
campaign (work package 3) was signed.
The lead participants in work packages 4,
5 and 6 gave presentations on the
progress in each of their designated work
packages, which were all approved by the
Board. Core working groups for work
packages 4 to 7 and the broader working
group teams around the core groups were
then decided.

Tim Colegate,
Department of Imaging and Applied Physics,
Curtin University of Technology
PrepSKA - strategic step for SKA telescope

The inaugural working group meeting of
the PrepSKA Board was held on 11 April
2008. PrepSKA, the preparatory phase
study for the SKA, will set the scene for
the
eventual
negotiations
between
governments that will determine the siting,
funding and organisation of the SKA.

Of PrepSKA’s total budget of €22 million,
€5.5 million has been funded by the
European Commission’s Framework 7
Program (FP7), with further funding
provided by the participating countries.

PrepSKA will draw together the technology
developments that have been generated
by the 19 countries that are party to the
SKA program, and produce a detailed,
costed design for the first phase of the
SKA, which it is expected to be built in the
period 2013-2016.

More than 50 institutions around the world
have been actively involved in developing
the SKA; to date, about €140 million has
been spent or is currently being spent on
SKA-related research and development.
The International SKA team are now ready
to enter the last phase before construction.

The preparatory study is made up of
seven work packages:
•

•

Work Package 1
Management of the contract (leading
participants: UK’s Science and
Technology
Facilities
Council,
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The PrepSKA proposal is signed by 20
organisations, from Australia, Canada,
France, Germany, Italy, Portugal, South
Africa, the Netherlands, the UK and the
USA.

Informal Funding Agencies Group Meeting

The next meeting is planned
Washington DC in November 2008.

Galaxy Evolution:
Future Challenges

Washington DC, US (am - 21 Nov 2008)
Cosmic Magnetic Fields (IAU Symposium 259)

Tenerife, ES (3-7 Nov 2008)

for

Emerging

Insights

University of Texas at Austin, US (11-14
Nov 2008)

Phil Diamond,
PrepSKA Coordinator,
The University of Manchester, UK.

When the Universe Formed Stars

La Martinique Island, FR (17-21 Nov 2008)

Future Meetings

24th Texas
Astrophysics

URSI General Assembly

Vancouver, CA (7-14 December 2008)

Chicago, US (7-16 Aug 2008)

Symposium

on

Relativistic

FPEU - ECRI 2008

Versailles, France (9-11 Dec 2008)

Galaxies in Real Life and Simulations

Leiden, NL (15-19 Sep 2008)

AAS 213th Meeting

Long Beach, US (4-8 Jan 2009)

"Meet the Buyer" Event 2008

London, U.K. (16th Sep 2008)

Continuum Science Workshop

Astrophysics with E-LOFAR

Stellenbosch, ZA (18-20 Feb 2009)

Hamburg, DE (16-19 Sep 2008). Further
information available from Dieter Engels,
LOC Chair: dengels@hs.uni-hamburg.de

SSEC 2

Stellenbosch, ZA (23-24 Feb 2009)
International SKA Forum

The 9th European VLBI Network Symposium
on the role of VLBI in the Golden Age for Radio
Astronomy and EVN Users meeting

Cape Town, ZA (25 Feb 2009)
Informal Funding Agencies Group

Bologna, IT (23-26 Sep 2008)
Classification and Discovery
Astronomical Surveys

and

Stellenbosch, ZA (am - 26 Feb 2009)
with

Large

PrepSKA WP5 (Procurement) Workshop

Ringberg Castle, DE (14-17 Oct 2008)

Stellenbosch, ZA (pm - 26 Feb 2009)

Radio Universe at Ultimate Angular Resolution

PrepSKA Board

Moscow, RU (20-24 Oct 2008)

Stellenbosch, ZA (am - 27 Feb 2009)

U.S. SKA Consortium Meeting

International Engineering Advisory Committee

Madison, US (Nov 2008 – tbc)

Manchester, UK (Mar 2009 – tbc)

PrepSKA WP4 (Governance) Workshop

International Astronomical Union (IAU)

Washington DC, US (19 Nov 2008)

Rio de Janeiro, BR (3-14 Aug, 2009)

PrepSKA WP6 (Funding) Workshop

CALIM 2009

Socorro, US (2009 Date – tbc)

Washington DC, US (am - 20 Nov 2008)
ELT Agencies Meeting; parallel
Executive Committee Meeting

SSEC

Washington DC, US (pm - 20 Nov 2008)
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NEWS FROM THE CONSORTIA AND INSTITUTES

AUSTRALIA
and the set of final site acceptance tests
are nearing completion.

ASKAP News
The Parkes Test-bed Facility

The Australian SKA Pathfinder project is
commissioning a single, 12-m diameter
antenna built by Patriot Antenna Systems
at Parkes Observatory (Figure 17). The
antenna will be a fully operational
astronomically-capable dish, termed the
Parkes Test-bed Facility (PTF). The PTF
has two critical functions:
i.
to provide a dedicated platform for
field tests of novel CSIRO-developed
phased array feeds (PAF) at Parkes
where (a) the radio frequency
interference (RFI) environment is
significantly better than Marsfield, and
(b) we can also use the Parkes 64-m
dish to provide a platform for deeper,
more sensitive testing of the PAF in
tandem with the PTF;
ii. to provide a complete, integrated and
functional
ASKAP-like
‘module
antenna’, comprising all elements
which each ASKAP antenna will
require in Western Australia (although
the ASKAP antennas will differ in
design and are subject to a completely
independent procurement process).
The PTF pedestal will house an
ASKAP-style
beamformer
and
associated systems, and the physical
requirements for these systems
(space, ventilation) are under field
assessment within the PTF.

Figure 17. The new 12-m diameter antenna at
Parkes Observatory

In the coming weeks the PTF systems will
be assembled and laboratory tested at
Marsfield.
The
first
prototype
checkerboard FPA is being packaged
ready to be installed on the PTF in lateJune 2008.
Carole Jackson,
Business Development Manager and ASKAP
Antennas Project Manager

The PTF antenna has now been fully
assembled. The pedestal installation went
very efficiently, taking only about one hour
from the lift of the pedestal from its truck
onto the foundation.
The antenna
assembly was completed with the feed leg
structure and the reflector being lifted onto
the pedestal on 29 February 2008; this
went smoothly thanks to skilled and
untiring efforts of local Parkes ATNF staff
and tradesmen.
The new antenna’s
control systems have passed CSIRO’s
comprehensive RFI monitoring standards,

New ASKAP Geraldton office

In January 2008, Priscilla Clayton, former
Senior Manager at the Mid West
Development Commission in Geraldton,
was appointed CSIRO Regional Manager
of the new Geraldton office of the
Australian SKA Pathfinder (ASKAP)
project.
The
office
will
make
arrangements for visitors to the Murchison
Radio-astronomy Observatory, liaise with
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Before
the
study
is
completed,
expressions of interest will be invited for
the implementation phase of the data
transmission link. Details of requirements
for the data transmission link can be found
at:
http://www.atnf.csiro.au/projects/askap/AS
KAP_project_update_fibre.pdf

industry in the region, and eventually
provide staff to support the radio
telescopes at the Murchison site.
“Given her broad skills and deep local
knowledge, Priscilla will be a very valuable
member of our team as the project
unfolds,” said CSIRO’s Dr Dave DeBoer,
who is leading the development of radio
astronomy projects at the new Murchison
Radio-astronomy Observatory in Western
Australia.

An open request for Tenders was posted
on AusTender on 17 March 2008, seeking
to engage one or more suppliers for the
design, manufacture, delivery, installation,
commissioning and testing of up to 45 x
12m class antennas. The tender has now
closed and submissions are being
evaluated.
CSIRO intends to fund a
competitive Design Phase, prior to
selecting a preferred supplier for the
Delivery Phase of the Contract.

Ms Clayton will remain located at her
current office within the Mid West
Development Commission, (MEDC) which
is providing ongoing support for the
ASKAP project.
“The Mid West Development Commission
has strongly supported the development of
radio astronomy in the region since the
idea was first suggested,” said Steve
Douglas, CEO of the MWDC. “We are
pleased to be able to continue supporting
it by hosting the ASKAP regional office”.

Collaborative Projects
Cosmological Reionization Experiment, CoRE

CoRE team members Ravi Subrahmanyan
(Raman Research Institute, India) and
Aaron Chippendale (CSIRO ATNF) visited
the early Research Area at the MRO site
in December 2007. They spent a week
making measurements with the frequency
independent, log-spiral antenna (Figure
18).

Ms Clayton will liaise with State and
Commonwealth Government agencies,
local
government,
Indigenous
communities, the media, and other
stakeholders in the project.
For
more
information,
priscilla.clayton@csiro.au.

contact

Design study for a data transmission link and
ASKAP Antenna design development

The Australian SKA Pathfinder (ASKAP)
radio telescope project will require a new
optical-fibre network connection from the
Murchison Radio-astronomy Observatory
(MRO) in the Mid-west of Western
Australia to a site in Geraldton on the
coast.
As the MRO is Australia’s
candidate site for the SKA, sufficient fibre
will be needed to meet the estimated
requirements of the full SKA.

Figure 18. Log-spiral antenna

CSIRO
has
contracted
AARNet
(Australia's Academic and Research
Network) to conduct a design study to
define technical options for the project,
make cost-benefit analyses for different
options, design the fibre route, produce a
detailed costing of the entire project, and
analyse project risks. The study will be
carried out during March-June 2008.

This unique antenna is designed to
measure the sky spectrum with 1 mK
relative accuracy over redshifts 5.2 to
13.2. Three nights of useful data were
obtained and initial analysis shows
promise for better calibration than earlier
attempts. The Cosmological Reionisation
Experiment aims to detect the redshifted
21 cm line of neutral hydrogen from the
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illustrates many of the shortcomings of
traditional imaging techniques.
Nontracking primary beams and significant
slopes of source spectra across the band
lead to sidelobes from strong sources that
extend up to 60 degrees across the sky
and become more prominent further from
the source. A more powerful imaging
pipeline is being developed for PAPER
that will use an a priori model to simulate
and remove strong sources, and the
imaged residuals will be used to update
the model.

early universe. This would indicate when
the first stars and galaxies switched on.
PAPER Project (Precision Array to Probe
Epoch of Reionization)

All-Sky Imaging of PWA-4 Observation
with AIPY and Packetised Correlator
Deployment on PGB-8.
Imaging
with
low-frequency
interferometers is notoriously difficult.
Major challenges include filtering radio
interference (RFI), correcting ionospheric
distortion in real-time, imaging wide fields,
and suppressing sidelobe response
toward overwhelmingly bright sources.
PAPER, the Murchison Wide-field Array
(MWA), and other low-frequency SKA
demonstrators will achieve new levels of
brightness sensitivity with large numbers
of antennas, and will require novel
techniques in modelling and calibration in
order to take advantage of this. Such
features as non-tracking, wide-field
primary beams further complicate imaging
and expose shortcomings in currently
available software. Meanwhile, the wider
bandwidths now available are making
available new calibration techniques.

Figure 19.

All of these reasons have pointed toward
the development of new software for
reducing low-frequency data. The PAPER
team has begun undertaking this
development with an open-source, objectoriented toolkit written in Python:
Astronomical Interferometry in PYthon
(AIPY). AIPY takes advantage of the
burgeoning set of open-source numeric
and scientific processing tools available in
Python, making use of generic packages
for manipulating and plotting data.

Southern sky image from 24h
observation in 2008 July with PWA-4
processed with the AIPY package
employing multi-frequency synthesis and
15-deg facets with w-projection and
maximum entropy algorithms. Sidelobes
of some strong sources (Cen A, Cyg A)
are suppressed by subtraction in uvdata, while others (Vir A, Tau A) remain
as limitations of current imaging
algorithms. A Mollweide projection is
used with logarithmic intensity scale.
Coldest parts of sky reach approximately
to the confusion level, about 1K.

Meanwhile, PAPER is preparing for a
deployment of 32 antennas at the Murchison
site in 2008 by building up a prototype array
near the Green Bank Telescope in West
Virginia.
The team recently deployed a
scalable 8-antenna, full-Stokes, packetised FX
correlator based on modular FPGA hardware
developed by the Center for Astronomy Signal
Processing
and
Electronics
Research
(CASPER;
http://casper.berkeley.edu).
“Packetised” means that the complex
communication paths between antenna-based
all-frequency spectra and frequency-based allantenna correlator engines are done via 10
GbE protocol packets, for the first time.

The superb PAPER data from the July
2007 deployment in Western Australia has
been one of the primary drivers for the
AIPY imaging pipeline. With this data, the
team has explored techniques made
possible by large fractional bandwidths.
Using one day of data from 4 singlepolarization dipole antennas, a nearly
confusion-limited map of the southern sky
integrated from 112 MHz to 187 MHz has
been made (Figure 19).
This map
achieves a 1K noise level in the coldest
parts of the sky.

This correlator has a direct scaling to 32
antennas and beyond, and its deployment is
an important step towards having a fully
correlated array in Western Australia by the
end of 2008. New antenna ground-screens
with flaps that boost forward gain by a factor
of 4 are currently being evaluated (Figure 20).
Once tested, these ground-screens will be
constructed commercially and deployed at the

While an important demonstration of the
quality of the data recorded with PAPER at
the Murchison site, this map also

20

Murchison site during August or September
2008, to conduct a multi-month observation
run when the coldest synchrotron sky is
overhead at night.

dipoles below 100 MHz. Drift scans were
again
acquired
to
provide
basic
confirmation
of
the
candidate
performances.
Analysis of the measurements taken in
March 2008 found that both versions of
the candidate dipole designs eliminated
the 200 MHz resonance feature and
produced system gain and effective
receiver noise estimates consistent with
expectations.
Judd D. Bowman,
for the MWA team

Figure 20. Current dipole antenna. This design,
which is deployed in Green Bank, WV, is
a dual polarisation version of a sleeved
dipole above a 2m by 2m ground plane.
“side flaps” increase forward gain
analagous to the corner reflector design.

International collaborations
Australia and Germany strengthen technical
links for SKA

In March 2008, CSIRO and its counterpart
in Germany, the Max-Planck-Gesellschaft,
signed an agreement that will strengthen
their cooperation over plans for the
International SKA telescope.

Aaron Parsons,
for the PAPER team
Murchison Widefield Array (MWA)

Following a successful first deployment
mission in November 2007, the MWA
team returned to Western Australia in midDecember 2007 to carry out signal path
testing of the 32-tile system. From the
early drift-scan testing, a narrow band
feature at approximately 200 MHz was
identified that appeared as a spike in the
derived
effective
receiver
noise
temperature and a corresponding drop in
the system gain. This was subsequently
identified as resulting from a previously
unaccounted for resonance between
currents in the vertical elements of
neighbouring dipole assemblies.

The new agreement between the two
organisations formalises their commitment
to work co-operatively on developing new
technology for radio astronomy, an area in
which both have been actively engaged for
many decades.

Researchers at Haystack Observatory,
MIT and the Harvard-Smithsonian Center
for Astrophysics, identified the source of
the discrepancy and developed the
changes to the antenna design. A team
from Curtin University travelled to the
MRO in early-March 2008 and two
versions of a candidate replacement
dipole design were installed successively
on a single antenna tile in the sub-array for
testing. The only modification required to
the dipoles to mitigate the resonance was
to adjust their dimensions to be slighter
shorter and wider. The opportunity was
also used to test related modifications to
improve the impedance match of the

AUT-CSIRO partnership

In addition to collaboration over the SKA,
the agreement paves the way for CSIROdesigned technology to be fitted to the
Effelsburg telescope, and for CSIRO’s
telescopes to be used for large
astronomical surveys that will feed into
other work being done with European
telescopes.

A
Memorandum
of
Understanding
between the Auckland University of
Technology (AUT) and CSIRO has been
signed and sets a broad agenda for closer
scientific cooperation between the two
institutions. It includes specific actions
such as the establishment of radio
astronomy telescope facilities in New
Zealand and incorporating New Zealand
radio telescopes in eVLBI experiments.
AUT has already invested in a 12-m radio
telescope which will be delivered to a site
near Warkworth later this year. Professor
Sergei Gulyaev, Director of the Institute for
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Western Australia to provide not only the
site (the Murchison Radio-astronomy
Observatory), but also the infrastructure
and the people doing the core science and
engineering”.

Radiophysics and Space Research at AUT
says, “The radio telescope will enable
researchers at the institute to receive and
process very large amounts of data from
deep space for cutting-edge research in
Astrophysics and Earth Science”.

“This will be a comprehensive centre that
will do pure radio astronomy science as
well as develop new ICT and engineering
systems,” he said.

Researchers at AUT and CSIRO believe
the actions set out in the agreement will
prepare them for participation in the SKA.
Professor Brian Boyle, Director of the
ATNF, says, “Australia is firmly committed
to the SKA initiative and is working hard
with the international community to ensure
its success. The Australian Government
has provided A$118.5 million to help meet
some of the key technology and
engineering development requirements of
the SKA, the Western Australian
Government has also committed $29.3
million for radio astronomy developments
in that State” (see below).

Premier Carpenter added, “The centre will
involve The University of Western
Australia, Curtin University of Technology,
CSIRO, research institutions and industry.
We also expect significant involvement
from other Western Australia, national and
international research institutions and
industry partners”.

The Hon. Kim Carr, Australian Minister for
Innovation,
Industry,
Science
and
Research stressed the importance of New
Zealand participation in the SKA at the
opening of an International SKA Forum in
Perth last month. “[The] Memorandum of
Understanding between CSIRO and AUT
is an important milestone in our movement
towards the SKA”.

Specifically, the State Government’s
$20million will contribute towards:

The centre will be home to hundreds of
researchers, technicians
and postgraduate students.

Sergei Gulyaev,
Director, Centre for Radiophysics and Space
Research,
AUT University
sergei.gulyaev@aut.ac.nz
www.crsr.ac.nz
Western Australian Government announces a
further $20m funding for SKA projects

•

the employment of up to 100 scientists
and technicians to undertake radio
astronomy research and development;

•

purchasing and developing
software and technologies;

•

developing radio astronomy-related
industry capability in Western Australia
through employing scientists and
engineers to work with local industry to
design, develop and manufacture
engineering solutions for SKA;

•

undertaking public outreach
education programs; and

•

creating domestic and international
linkages and partnerships on SKA.

new

and

The Western Australia Government
expects to see final proposals by July
2008, with the centre up and running in
2009.

At the launch of the ‘Brilliant Science WA’
month on 29 February 2008, the Western
Australian Premier, the Hon Alan
Carpenter MLA, announced major new
funding of $20 million to establish an
International Radio Astronomy Research
Centre in Western Australia.

For further information on SKA activities
within
Australia
please
contact
SKA@innovation.gov.au.

Premier Carpenter said the Research
Centre would add to Western Australia’s
already significant radio astronomy
research capability. He stated, “We want
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CANADA
DRAO in June 2008. The Mk2 is expected
to be lifted onto the MV-1 mount in midJuly 2008 for metrology and holography.

Canadian SKA Technology
Composite Applications for Radio Astronomy
(CART)

The Mk2 program of the CART project at
the NRC-HIA is well underway. It involves
building a second 10-m prototype
composite reflector and is intended to
build upon the success of the first
prototype.
The Mk2 program targets
improvements in the structural design,
manufacturability, cure characteristics and
surface accuracy through design and
process improvements. The Mk2 design
departs from the first prototype in that the
reflector surface and structural rim are
infused as one piece on mould and then a
central hub and eight radial beams are
bonded on (Figure 21). The surface and
rim are a symmetric structure so shrinkage
during cure will be symmetric and a more
accurate parabolic shape is maintained.
The hub and beams will be bonded to the
surface while it is still on the mould adding
stiffness to maintain the desired shape.
Fabrication of the beams and hub as
separate components also improves the
manufacturability as lay-up is simplified
and production of components can occur
in parallel.

Figure 22. Infusion of the Mk2 reflector on June 4
2008. At this stage of the process, the
part is fully infused. This set up is far
simpler than that used in the Mk1.

PHased-Array Demonstrator (PHAD)

The PHAD has been relocated to the
DRAO near-field range for testing (Figure
23).
In
2007,
passive
array
measurements (no receiver electronics)
were completed, but these latest tests
have all 180 elements feeding receivers
that down convert signals to baseband.
These signals are then transmitted out of
the anechoic chamber to a signal
processor for sampling and recording.
Initial tests will measure radiation patterns
again, this time terminated with real
receivers.
Following this testing,
combining outputs for beam forming will
commence.
Once confidence in the
performance of the system has been
established, the PHAD will be mounted on
the 10-m CART dish for on-the-sky testing
using astronomical sources.

Figure 21. Rear-view of the Mk 2 10-m CART
reflector showing the radial beams and
hub that are bonded on the rear surface
of the reflector.

The surface and rim were successfully
infused at HIA-DRAO in the first week of
June (Figure 22). The beams are in
production at Profile Composites in
Victoria and the hub will be produced at
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Multi-dimensional Signal Processing

Over the past six months, colleagues at
HIA-DRAO have established a number of
collaborative research projects with Dr.
Len Bruton, from the Multidimensional
Signal Processing Group at the University
of Calgary, and Dr. Pan Agathoklis from
the Digital Signal Processing Group at the
University of Victoria. With postdoctoral
fellow, Dr. Arjuna Madanayake, and
graduate students Thushara Guaratne and
Najith Liyanage, they are investigating
applications of high-performance IIR and
FIR space-time multidimensional filters for
enhancing radio astronomy signals.
So far, the team has started three
projects. The first involves the design,
synthesis
and
poly-phase
FPGA
implementation of 3D FIR cone filters for
selectively filtering both focal-plane array
and aperture phased array space-time
signals.
The second project is an
investigation of 3D IIR cone-type filters
with hexagonal cross-sections and their
implementation using FPGA circuits. The
third project is a theoretical study of the 3D
spectral characteristics of noise coupling,
signal distortion and other interfering
signals on focal plane arrays.
Novel
techniques for attenuating such signals
are under investigation. Abstracts for all
three research projects can be found at
http://wwwmddsp.enel.ucalgary.ca/People/bruton/res
earch.htm.

Figure 23. The PHAD array, complete with
receivers and down convert system,
under test at DRAO.

Room Temperature Low-Noise Amplifiers

The group in the Electrical Engineering
department at the University of Calgary
(Leo Belostotski and Jim Haslett) has
completed designs for room-temperature
LNAs in 65nm CMOS (Figure 24) to
operate between 700 and 1400MHz. The
fabricated integrated circuits will be tested
over the next few months. Simulated
noise temperatures of these LNAs are less
than 10K. However, due to uncertainties
in CMOS MOSFET noise models, and to
confirm whether the LNAs perform as
simulated, careful measurements are still
required to determine actual achievable
noise temperatures.

Further details of these projects can be
obtained from Dr. Len Bruton at
bruton@ucalgary.ca.
On behalf of the Canadian SKA Consortium:
Sean Dougherty
Herzberg Institute of Astrophysics,

Figure 24. 65-nm CMOS room temp. LNA design.
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CHINA
Review of the Feasibility Study of the FAST
Project

It is generally recognised that there are no
serious risks in terms of science and
technology in the case for constructing the
FAST; however, there are environmental
risks, such as the icy rain and
earthquakes, to consider. In order to
address environmental risks, higher
specification equipment is required, which
will increase construction costs.

In the (northern) summer of 2007, the
FAST (Five hundred meter Spherical radio
Telescope) project was approved for
funding by the National Development and
Reform Commission (NDRC) of China.
The FAST project team spent eight
months preparing a formal feasibility
study, culminating in an appraisal review
meeting held in Beijing on 21 March 2008
(Figure 25). This meeting was organised
by China International Engineering
Consulting Corporation (CIECC) and was
attended by about 60 people, including
review committee members, the FAST
team, the FAST project collaborators,
officials of the Chinese Academy of
Sciences (CAS), representatives from the
National
Astronomical
Observatories,
governmental officials from Guizhou
province (where the FAST site is located),
and representatives from the Zhongyuan
company that assisted with the feasibility
study report.

Possible funding from the NDRC for the
FAST project is capped at 660 million
CHYuan, and so the shortfall of
approximately 50 million CHYuan must be
found from other sources (most likely to
the Guizhou provincial government or the
CAS).
After two months of refining the FAST
feasibility study report in response to
feedback from the review committee, the
FAST team was recently informed that it
had passed the feasibility study review
process.
The FAST project will now enter into the
preliminary design stage. This is the third
step of project construction; the four steps
being: (i) appraisal and review of project,
(ii) feasibility study, (iii) preliminary design,
and (iv) opening report of construction.
The preliminary design stage is anticipated
to last about 10 months, with the review
meeting of the FAST preliminary design
likely to be held in March 2009.
Thereafter, the opening report of the FAST
construction will be completed by the end
of 2009.
The FAST Reflector Unit Experiment

Figure 25. Review meeting of the FAST feasibility
study, held in Beijing on 21 March 2008.

Reflector units and actuators for the FAST
prototype are under development and
ready to be tested (Figure 26). Two
different types of reflector unit have been
built; they have been mounted at the
FAST model site in Miyun.

The review committee comprised nine
expert panel members, who had combined
experience of telescope construction, civil
engineering design, electronic, robot
control, and astronomical equipment.

The test platform employs three kinds of
actuator for the FAST prototype that were
developed in 2007. Another two kinds of
new actuator were built recently, illustrated
in Figure 27, and these are now ready for
indoor testing. To date, a total of five

The meeting lasted two days, during which
time the nine review committee members
posed many questions. However, the
FAST team succeeded in presenting a
strong case to the review committee.
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The work undertaken in the simulation
study is now being taken forward by the
FAST Laboratory, NAOC.
Some
simulation models have been further
updated for important components, such
as the X-Y positioner, the Stewart
stabiliser and the reaction mass damper,
to improve the reliability and structural
integrity of the end-to-end model. Based
on the updated models, simulation results
have shown that the control accuracy
required can be achieved for the X-Y
positioner and the Stewart stabiliser, and
that the reaction mass damper contributes
to
suppression
of
high-frequency
oscillations of the FAST cabin (see Figure
28).

kinds of actuator and two kinds of reflector
unit have been built.

Figure 26. Reflector units of the FAST prototype

The advice and conclusions included in
the final report of the end-to-end
simulation will be further tested and
verified by a new experimental model.
This model will be built in accordance with
the conceptual design recommended by
the simulation study.
Wind - Large Focus Cabin
Including Hexapod Controller
Acceleration
Phase

Observation with Sidereal Velocity

Deceleration
Phase

Figure 27. Two kinds of new actuator

Pointing Error
Spectral Density

Simulation of FAST cabin suspension

Simulation plays an important role in
performance evaluation for the FAST
cabin suspension. After the six-month
Sino-Germany co-operation in 2007, we
successfully established the basis of an
end-to-end simulation and its further
development.

rms = 8.314 mm
rms = 4.008 mm

Figure 28. The end-to-end simulation, which
provides satisfactory control accuracy.

NAOC, China

EUROPE
inviting more organisations and consortia
to join ESKAC. At present, the MoA will
be signed by the universities of Oxford,
Manchester and Cambridge, ASTRON,
the Dutch universities through the national
Netherlands
Research
School
for
Astronomy,
Observatiore
de
Paris
(France), INAF (Italy), Onsala Space
Observatory (Sweden), Max Planck Institut
für Radioastronomie (Bonn), RadioNet,

ESKAC
The European SKA Consortium has
approved a new memorandum of
understanding, covering the period 2008 –
2011. The main goals are to guide the
SKA program by sending delegates to the
SSEC, to advocate further the SKA
program in Europe and, in particular, to
broaden the ESKAC constituency by
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SKADS, and JIVE; furthermore, it is very
likely that the OAN/IGN (Spain) will be
signatories. In addition Portugal is actively
seeking funds for full membership, which
may be realised in 2009.
The new style ESKAC had a face-to-face
meeting in Rome on 16 January 2008 to
discuss and kick-off its programme and to
prepare for the next four years, which it
considers critical for the SKA program. At
this meeting, Steve Rawlings and Wim van
Driel were elected as officers of ESKAC.
Their role is to execute the ESKAC
programme together with the chair. Each
can assume the role of vice-chair
whenever appropriate.

Figure 29. The ground is being prepared for
EMBRACE at the site of the Westerbork
Synthesis Radio Telescope.

EMBRACE Hexboards

In June 2008, ESKAC elected its seven
delegates to the SSEC. These are Mike
Garrett (SSEC vice-chair), Luigina Feretti,
Steve Rawlings, Phil Diamond, Arnold van
Ardenne, Wim van Driel and Anton
Zensus.

The EMBRACE Hexboards, placed
together in groups of six, form one of the
key elements in the EMBRACE array
(Figure 30). The Hex-boards are the next
major step in the ever continuing task of
delivering inexpensive collecting area,
while maintaining performance.

Thijs van der Hulst
Chair ESKAC

On the electronics side, analogue beamformer chips are used to align the signals
received by the antenna and then to
combine them (see details below). The
use of integrated circuits, like the beamformer chip, significantly reduces the
number of components, which in turn
improves the yield.

SKADS
SKADS is now entering its fourth and final
year, and there is a lot of activity focused
on our ultimate deliverable: a detailed
design and costing for the SKA. The
memo produced last year (SKA Memo
#93) was a first version of the fully
designed and costed SKA. We intend to
iterate on this work, and in particular,
much effort is going into the further
development of the SKA costing tool,
called SKACost, which is done in close
collaboration between the SKA Program
Development Office and SKADS.

A major step has been made in
manufacturability of the array, which
translates to lower cost. A large number
of mechanical connections, which were
initially done by screws, have been
replaced
by
snap-fit
connections.
Furthermore,
inexpensive
aluminium
extrusion profiles are used to connect the
antennas to each other.

The principle hardware demonstrator of
the aperture-plane phased-array is
EMBRACE, which will have stations at
Westerbork, the Netherlands (Figure 29),
and at Nançay, France. There will be 144
tiles at Westerbork, and 64 tiles at
Nançay. Each tile has an area of 1.12 m2.
We expect the stations to be in operation
for initial testing by early-2009.

Each Hexboard includes the following
items/functions:
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•

24 vivaldi elements - 12 for each
polarisation;

•

Low noise amplifiers;

•

Three analogue beam-former chips;

•

Integrated power supply, with voltage
and temperature monitoring; and

•

Switchable true-time-delay lines.

Figure 30. The EMBRACE hexboard with the
aluminium Vivaldi antenna elements
mounted on the front, and the electronic
components, including LNA and
beamformer chips, mounted on the
back. Image by Jürgen Morawietz. The
background image shows the Pleiades
(Albert van Duin, http://www.astropix.nl)

In order to reduce manufacturing costs,
EMBRACE makes use of a Monolithic
Microwave Integrated Circuit (MMIC) chip,
located after the first amplification and
filtering stages.
This MMIC is the
beamformer chip, and it provides phase
and gain control to determine the
directivity of the tile (Figure 31). Phase
control is the primary functionality.

SiGe BiCMOS 0.25 µm;

•

NXP foundry: library QUBIC4X;

•

Phase and gain control by steps
oPhase control : 3 bits, [0 – 360°]
oGain control: 3 bits, 5 dB;

•

100 ohms differential input and output
matching;

•

Frequency band [0.4 – 1.6 GHz];

•

Surface : 5.6 mm2;

•

Current consumption : 315 mA;

•

Power supply : 3.3 V (1 Watt); and

•

Digital supply : 2.5 V.

Some key figures to indicate the
complexities of the analogue RF design:

The Nançay beamformer chip has the
following characteristics:
•

2 differential outputs forming two
independent beams with the same
functionality;

System gain is equalised at 18 dB and
channel gain at 24 dB. The noise figure
related to one input is about 4 dB. The
phase shift is flat for the full frequency
range. The phase error is less than 8°.
For each phase step, associated gain
variation is less than 1 dB. Further gain
control with around 5dB range is possible.
Each channel is isolated from the others
so that phase and gain for one channel do
not change when a phase step occurs in
another channel.
When all input
generators are ON, the output third order
interception point is 14 dBm, showing
good linearity.

Figure 31. The beamformer chip developed at
Nançay and selected for integration in
the EMBRACE hexboard.

Silicon Substrate;

4 differential inputs;

•

This analogue RF integrated circuit (RFIC)
is an essential part of the aperture array
technology. The main function of the chip
is to combine four input signals, coming
from the antennas, into two independent
beams. The signal chain of this chip
includes a low noise amplifier, a polyphase
filter, switching networks, amplitude
correction, and a buffer to combine 4
channels. All analogue RF functions were
designed to reduce power consumption
and surface area. Low noise amplifier
topology was studied and developed as a
Ph.D. project at Nançay to match low
noise and low power consumption without
outside components. This beamformer
chip will replace a large fraction of the
electronics on the current EMBRACE
prototype boards.

Nançay Differential BeamFormer Chip for
EMBRACE

•

•
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•

4 Heterojunction bipolar transistors
(1280 emitter stripes);

•

224 CMOS transistors (10752 drans
stripes);

•

586 resistors; and

•

300 MIM capacitors.

The design was made using a combination
of Cadence and Agilent ADS.
Stéphane Bosse,
Séverin Barth,
Marie-Line Grima
SKA simulations by the EC FP6 SKADS
Project

The SKADS-DS2T2 Astronomical Data
Simulations project has chosen the
MEqTrees
Simulations
package
(developed by O. Smirnov et al., at
ASTRON, NL) as the primary tool to
simulate the mid-frequency (300-1000
MHz) component of a model radio sky
(Local Sky Model, or a variety of radiosource morphologies in isolation or a
group) for the deep surveys SKA
telescope response. Specifications on the
array and various other observing
parameters are used to create a custom
measurement set, incorporating placeholders for the model data, as input to
MEqTrees.

Figure 32. MEqTrees visualisation of the
symmetric-sinc beam pattern in crosssection for EMBRACE-type 20 element
Vivaldi array that constitutes a tile or
antenna station.

The visibility data are read and refined
iteratively off an AIPS++ measurement
set. A “dirty” map of an extended radio
source
that
includes
effects
on
instrumental gain, beam pointing offsets
and the antenna mounting and rotation
effects is shown in Figure 33. The aim is
to simulate such small subsets that would,
in turn, refine the larger Global Sky Model,
and help self-calibrate the SKA deep
survey data.

The standard Python scripting language
serves to interact with the kernel at a
higher level. A framework developed for
user-friendly handling of inputs on reading
several types of source catalogues from
radio surveys, as well of simulated skies,
parametrised
models
for
various
“corruption” factors both in image and u-v
plane that form relevant Jones matrices in
the classical measurement equation, and
options for image rendering offer effective
implementations for many simulation
scenarios.
Of specific interest to the current project is
the influence of errors associated with
pointing the SKA aperture array beam
towards a direction or source of interest
and their influence on observed visibilities
and image. To this end, the beam-pattern
has been simulated as a symmetric sinc
function on the lines of EMBRACE (Figure
32). This information is used with varied
configurations of antenna stations, source
morphologies, and observing frequencies.

Figure 33. MeqTrees-simulated, corrupt, “dirty”
image of an extended radio source –
radio galaxy model – obtained from five
2D Gaussians, each with differing values
for spectral indices, major & minor axes,
major-axis orientation, and radio flux.

G.A. Shanmugha Sundaram
JIVE, Dwingeloo, Hetherlands
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Marie Curie Conferences and Training (MCCTSKADS)

Netherlands, during which participants
worked with the MeqTree software for
simulation and calibration of data.

With funding from the European Union
Framework Programme 6, SKADS is
sponsoring a number of schools and
workshops targeted at young astronomers
and students.
These workshops are
helping to educate the new generation of
astronomers to be the future users of the
Square Kilometre Array.
For further
information, go to http://mcct.skads-eu.org.

Astronomy in the Next Decade: Synergies with
the Square Kilometre Array

The EU Marie Curie Conferences and
Training Programme (MCCT) aims to
promote, discuss and disseminate the
SKA and SKADS ideas to young
researchers.
The first astronomical
MCCT-SKADS Workshop was held in
Bonn, April 14-18 2008, and attracted 35
young researchers from European and
non-European countries (Figure 35).

There have already been four schools,
each with around 30 participants.
Proceedings of the first school, which was
held in Medicina, Italy, have been
published by Proceedings of Science and
are available for download from the PoS
website
(http://pos.sissa.it/cgibin/reader/conf.cgi?confid=59)
Science and Instrumentation Workshop on
Wide-field Imaging and Calibration

This workshop, held in Groningen, the
Netherlands, on 2-7 March 2008, was the
first of the mixed schools which covered
topics in both science and technology.
Figure 35. Participants at the Bonn MCCT
workshop.

Fourteen experts from European countries
were
invited
to
give
"keynote"
presentations about astronomical and
scientific aspects of SKA and its
pathfinders (especially LOFAR and
APERTIF) and the synergy with other
major future facilities (such as ALMA, ELT,
Space Missions).
The workshop was focused on the Key
Science Projects of the SKA program and
the current state of research in these
fields. Five mini-workshops held at the
end of each day, involving keynote
speakers and participants were highly
effective. There were many questions and
discussions about the expected impact of
the
SKA
which
prompted
young
astronomers to find new directions for
future studies and involvement in SKA
related projects.

Figure 34. Participants during the MeqTree
intensive workshop held at Dwingeloo
after the Groningen workshop.

Workshop lectures covered practical
aspects of calibrating synthesis data from
an SKA-like telescope. Specific topics
were: basic radio astronomy, the
measurement equation, wide field imaging
issues, ionospheric and tropospheric
effects, RFI, and polarisation. There were
27 participants from eight countries,
including Spain, Netherlands, Germany,
United Kingdom, Australia, South Africa,
Finland, and France.

The Workshop included a guided tour of
the 100-meter radio telescope at
Effelsberg and a visit to the first
international LOFAR (see www.mpifrbonn.mpg.de/public/pr/pr-lofar2007en.html). All Workshop presentations and

For the particularly dedicated, the
workshop was followed by a two-week
intensive workshop held at Dwingeloo,
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testing. Thus, six months ago, the HBA
tile design still needed to be verified. The
technical problems were solved and, in
December 2007, a critical review of the
HBA design took place.
The review
resulted in the go ahead for the
procurement for the HBA tiles.

the conference summary is available at
www.mpifr.de/div/mcct-skads/.
Upcoming Events in SKADS

The next SKADS Workshop will be held in
Lisbon, Portugal, on 2-3 October 2008.
Everyone is welcome, and you can
register on the SKADS website. Click on
“Lisbon Workshop” on the SKADS website
(www.skads-eu.org).
Two more Marie-Curie workshops are
planned for 2008. The topic in Siguenza,
Spain, 26 August - 4 September 2008, will
be “Radio astronomy fundamentals and
the new instruments”.
The topic in
Cambridge, UK, from 25-29 August, is
“Deep Field Imaging with the SKA”.
Registration is now open for both of these
MCCT workshops and some funding is
available to help with travel expenses of
eligible participants.

Figure 36. HBA tiles were placed in the fields of
Exloo in the summer of 2007. One tile is
5mx5m and contains 16 HBA antennas.

Since December 2007, observations with
the HBA tiles have continued and resulted
in high quality images of the sky. One of
the HBA images can be seen in Figure 37.
In addition to imaging, pulsar observations
were performed and known pulsars have
been detected while they passed through
the beam of the tiles, thereby probing also
beam properties. Exciting passive radar
observations have been done with the
LBA antennas. Not only lightning and
airplanes were detected, but also meteor
showers.

The SKADS website (www.skads-eu.org)
has an up-to-date list of forthcoming
SKADS and SKA related events.
Steve Torchinsky
SKADS Project Scientist
LOFAR

The first LOFAR core station (CS1) was
constructed in the fields of Exloo during
the (northern) summer of 2006. Ninety six
low band antennas were distributed over 4
station locations; 48 antennas were placed
in a central field and the remaining were
distributed over 3 stations, yielding a
variety of baselines of up to 450 metres.
The set-up was chosen to enable
performance tests of a single station at full
bandwidth and to emulate a small test
version of a LOFAR-type interferometer
with 24 micro-stations at reduced
bandwidth.
The LOFAR prototype station CS1 started
operations in early-October 2006. Now,
almost one and a half years later, the LBA
design has been well tested and high
quality images at low frequencies have
been produced. Also, approximately 12
months ago, the initial batch of 6 HBA tiles
was placed in the fields of Exloo (see
Figure 36).
After the first promising
measurements were obtained, technical
problems with the tiles prevented further

Figure 37. Image produced with the LOFAR high
band antennas (HBA). An array of 4
tiles was used, augmented with 12
individual dipole elements. The longest
baseline is about 500 m. Each tile has
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16 dipole elements in a 4x4 array. The
observing time was 24 hours. The 36
sub-bands each had a bandwidth of
about 150 kHz, covering the frequency
range 125 MHz to 175 MHz. The image
is centered on Cas A, which has been
removed to 1% (leaving about 100Jy).
The brightest source now (~140 Jy) is
Tycho, top left of Cas A. The red
squares indicate known sources from
the 4C catalogue, which contains all
sources > 2 Jy at 178MHz. The noiselevel in this image is about 0.5 Jy. The
magenta line indicates the half power tile
beam. Credit: Sarod Yatawatta,
University of Groningen.

project went into its final phase and started
the construction of the LOFAR telescope
by
procuring
the
hardware
for
astronomical stations to be placed in the
Netherlands and throughout Europe. Due
to the requirements of the funding
sources, the project followed a European
tender procedure. This process started in
early-December 2007.
There were a
number of tenders issued for the various
sub-systems; two of which have been
concluded and contracts signed.
The first hardware will arrive over the
(northern) summer as the construction of
the stations begins. The first 20 stations
will be completed in the first quarter of
2009. From this batch, thirteen stations
will be placed in the core area in Exloo
and seven will be placed at baselines of
up to 30 km distance from the core area.
In addition, 3-4 European stations will be
ready by this time. With the first stations
going on-line in (northern) autumn 2008,
the project is looking forward to an exciting
commissioning period ahead.

The first international LOFAR station,
consisting of 96 low band antennas built in
Effelsberg by the Max-Planck-Institute for
radio astronomy, was accepted in
November 2007 and is now being
commissioned. This LOFAR station will
be partly operated in stand-alone mode
independent of the rest of the array and
part of the time will work in the LOFAR
array. Both modes are currently being
developed in collaboration with the MaxPlanck-Institute for radio astronomy and
the detection of first fringes between Exloo
and Effelsberg are eagerly awaited.

On behalf of the LOFAR Team:
Corina Vogt

Following the intensive testing of the LBA
and HBA system over the last years, the

SOUTH AFRICA
African Partners Confirm Support for SKA
South Africa

for human capital development and the
construction of dishes (as part of
MeerKAT) in each of the partner states.
Dr Bernie Fanaroff, SKA South Africa
Project Director, emphasised that hosting
the SKA will be a huge boost for skills and
technology development, not only for
South Africa, but also for these partner
countries.
This kind of project is
necessary if African countries are to
progress from resource-based economies
to knowledge-based economies, in line
with global trends.

African countries where substations of the
SKA will be constructed, should the project
be sited in South Africa, have confirmed
their
support
for
this
project.
Representatives
from
Namibia,
Mozambique, Botswana, Kenya, Ghana,
Madagascar, Zambia and Mauritius joined
the
Department
of
Science
and
Technology and the South African SKA
Project office on 22-23 April 2008 to
discuss the progress on the SKA project.
The Director-General of the Department of
Science and Technology, Dr Phil Mjwara,
chaired the second day of the conference,
where a Declaration of Support was
adopted
by
the
partner
country
representatives.

The meeting (Figure 38) took place at a
conference
centre
near
the
Hartebeesthoek
Radio
Astronomy
Observatory (HartRAO). Delegates visited
the Hartebeesthoek Radio Astronomy
Observatory to see the prototype dish for
the
MeerKAT,
South
Africa’s
demonstration telescope for the SKA.

The Declaration of Support covers the
acquisition of sites, the protection of sites
and a joint approach for acquiring funding
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results in a very stiff yet relatively lightweight reflector. Testing at 1.4 and 12
GHz confirmed that the design goals have
been achieved, with ~65% aperture
efficiency at 1.4 GHz and ~33% at 12
GHz.
XDM RF front end
The radio frequency front end (RFE),
which includes the feed horn and the
analogue receiver electronics, was
installed at the vertex of the antenna in
early-December 2007. Tests show that
the front end contributes approximately
45 K to the overall system noise
temperature.
Excellent temperature
stabilisation was achieved with off-theshelf
components,
including
the
application of “heat pipes” in radio
astronomy, to conduct heat away from the
sensitive components in the system. The
receiver also incorporates a novel solar
shield to reduce the heat loading on the
electronics (Figure 40).

Figure 38. Representatives from partner countries
meet to discuss progress on the SKA
project.

MeerKAT
MeerKAT Prototype Success

The MeerKAT Prototype (eXperimental
Development Model - XDM), a single-dish
radio telescope at the Hartebeesthoek
Radio Astronomy Observatory in South
Africa, is now fully functional (Figure 39).
The telescope was designed and built in
less than two years. Design work started
in 2006 and the telescope was ready for
detailed operational evaluation in January
2008. Scientific interest in the preliminary
results has led to a proposal to use the
XDM, when not being used by the
engineers, to monitor the Vela pulsar as
part of a study of the spin mechanics of
neutron stars.

Figure 40. The RF receiver package after
installation on the antenna, showing the
solar shield as well as the scattering
cones that were installed in the place of
the five non-fitted receivers.

The radio frequency signal is transported
from the vertex to the back-end receiver,
which is housed in the HartRAO control
room, via a fibre-optic transmission
system. This minimises the risk of the
signal being contaminated by radio
frequency interference in the environment
and also minimises the amount of
interference generated by the system
itself.

Figure 39. The XDM telescope at HartRAO with all
subsystems installed, integrated and
tested.

Further details of the XDM RFE is
provided in the next article (by Julie).

XDM antenna
The XDM antenna implemented novel
technologies to deliver a relatively
inexpensive reflector. The key innovation
is the use of composite materials, which

XDM back-end receiver
The digital back-end supports full
polarimetric data capturing at rates up to
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312 Mbyte/sec. It allows for accurate
measurements of the radio continuum
spectrum as well as good time resolution
measurements of the Vela pulsar.
Preliminary results obtained on the Vela
pulsar have attracted the attention of some
of the local pulsar scientists, leading to a
proposal to request that the XDM
telescope to be used to monitor the pulsar
between engineering evaluation sessions.
The back-end receiver has recently been
upgraded with the capability to record
base-band data, which will support studies
of spectral line emission.

Figure 41. System diagram of RFE Electronics

Some key points:
•

500 m of optical fibre is used because
the XDM system requirement is to
separate the sensitive RF electronics
from the electrically noisy digital
backend.

•

The Flood Illuminator is an experiment
to test the feasibility of emitting the
calibration noise signal to all 7 feed
horns from 1 noise source transmitter
at the base of the centre of the dish.
The more conventional approach of
injecting the noise signal into each
feed horn has also been implemented.

•

One of the system requirements is
that no active electronics were to be
installed in the RFE which is at the
focus of the feed (also known as the
"Stargate"). The RFE is however,
allowed a 5 ms period out of every
second in which it can operate digital
electronics.

•

The LNA (low noise amplifier) is
mounted directly on the feed horn,
bypassing
the
need
for
an
intermediate transmission line. This
minimises the losses and the
associated degradation of the system
noise temperature.

XDM analysis software
Custom analysis software was produced
to support the engineers in assessing the
telescope’s performance. This software
incorporates a novel technique to
propagate uncertainties and errors along
with the calculations, giving a clear
indication of the level of confidence that
may be associated with the results.
XDM telescope control software
With the exception of the RF front end, the
telescope is completely remote-operable.
Not only is this very convenient for the
engineering team, who are based in Cape
Town, but it will also be a crucial
determinant of the success of the KAT and
MeerKAT telescopes, to be built in the
remote Northern Cape Province. The
standard control interfaces of the
telescope control system have catered for
the vast majority of the needs of the
engineering team up to date. It has also
proven to be sufficiently flexible to allow
for unforeseen requirements to be met
without necessitating re-development or
upgrades.

Thermal management played a central
role in the design of the RFE. Extensive
use was made of thermal analysis
simulation software. Experiments were
conducted to optimise the mathematical
models to feed into the software, and also
to verify the software. Peltier devices
were used as the cooling devices in the
Stargate because they are maintenancefree.

Adriaan Peens-Hough,
SA SKA Project Office
The RF Front End for the MeerKAT XDM

The RF front end (RFE) installed on the
XDM dish consists of the antenna feed
horns, and the RFE electronics. The
antenna feed horns are situated at the
focus of the 15 m parabolic reflector dish.

A design decision was made to keep the
LNA amplifiers at 10 C. This was a tradeoff
between
the
higher
power
requirements of the Peltier devices when
driven to lower temperatures and the
increasing noise temperature with an
increase in physical temperature of the

Figure 41 illustrates the systems view of
the RFE electronics. The RFE is designed
to accommodate seven dual linearly
polarised feed horns in a cluster feed
arrangement. The team has only installed
and populated 2 horns to date.
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LNA. At 10 C the noise temperature of the
LNA is at 27 K and the RFE system
complied with XDM system temperature
requirements.

programmable attenuators set, noise
switched ON-OFF, control communication
takes place over the optical link, and this
happens for all 7 horns. Due to this
requirement, no active clocks were to be
present inside the Stargate.
This
restriction was circumvented by the use of
a state-based FPGA implementation,
driven by a Manchester-encoded data
stream.

Extensive use was made of passive heat
pipe technology to distribute and transport
the heat to the bigger heat sinks on the
outside of the Stargate. This required
research and experiments into the
properties of heat pipes and heats sinks.
Questions such as orientation, capacity,
size, etc. of heat pipes were investigated
in this research, and thereafter this
developed knowledge was fed into the
design. Figure 42 shows a LNA attached
to the horn, with the heat pipe running
from it. The Peltier devices are positioned
below the aluminium plate on which the
LNA is mounted.

The Master Feed Controller (MFC) is
responsible for encoding, transmitting over
optical fibre, receiving, and decoding the
data stream.
The interface to the RFE System is via an
Ethernet data network to a RFE COTS
(commercial-off-the-shelf) rack mount PC.
This PC communicated to the rack mount
MFC
via
USB,
which
in
turn,
communicated to the Stargate and the
Flood Illuminator over optical fibre.
RF Chain
The RF chain design is shown in Figure
43. It has a gain of about 70 dB end to
end, with a passband of 1414 to 1670
MHz. As mentioned earlier, the LNA is
kept at a constant 10 C, with the rest of
the components in the RF chain within the
Stargate, kept at 30 C. The receiver noise
temperature of the RF front end (including
the feed horns) comes to about 45 K.

Figure 42. LNA on a temperature controller plate
attached to feed horn.

Analysis and experiments were done to
test the performance of the Stargate under
the
extremes
of
the
specified
environmental conditions. Smaller 0.5 m
models of the 15 m dish - known as
“kittens” - were also made to simulate and
study the reflectivity of solar energy from
the 15 m dish onto the Stargate. These
addressed questions about the scattering
efficiency of the paint on the dish, and
whether the Stargate itself needed to be
painted.

Figure 43. RFE Chain

Roufurd Julie,
KAT RF Engineer.
Infrastructure Delivery for MeerKAT

Mesh skirting was inserted around the
outside of the Stargate. This effectively
shielded the Stargate from direct sunlight,
while also acting as a chimney for the
rising hot air radiated from the Stargate.

The delivery of infrastructure for KAT-7
and MeerKAT is well underway.
It
includes acquiring land; upgrading the
main access road and constructing
secondary roads; establishing a support
base and constructing a new on-site
complex in the Karoo; as well as providing
grid and back-up power and optic fibre to
the site (see Figure 44).

Computing and firmware
The digital electronics on the Stargate are
operating for 5 ms every second. In this
time, temperatures are to be reported,
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Figure 46. Road upgrading
Figure 44. Site map

Establishment of the Karoo Support Base

Acquisition of Land

By
October
2008,
the
historical
Klerefontein farmhouse (Figure 47),
located 11 km outside Carnarvon, will be
extensively renovated to become part of
the new headquarters for the MeerKAT
Karoo operation. Inside the farmhouse,
there will be offices, a conference room,
and exhibition room and storage facilities.
In addition, mechanical and electronic
workshops and accommodation facilities
will be added. Grid and back-up power,
optical fibre, telecoms and CCTV will be
supplied to the base.

The SKA South Africa Project Office has
acquired 14,000 hectares of land, located
within the SKA core area, for MeerKAT
(Figure 45).

Figure 45. Signing the sale agreements to acquire
land for MeerKAT: Tracy Cheetham,
SKA SA Project Manager (left);
Professor Mzamo P Mangaliso, NRF
President (middle) and Dr Bernie
Fanaroff, SKA SA Project Director
(right).

Figure 47. Klerefontein farmhouse

On-Site Complex

Upgrade of the Main Access Road

The on-site complex for the KAT-7 and
MeerKAT radio telescopes will be located
behind the Losberg hill at the core site to
ensure maximum protection of the RFI
integrity of the telescope instrument. This
secure complex will include a construction
shed for dishes, covered area for
containers,
parking
and
garages,
temporary accommodation, fuel and diesel
storage facilities, as well as borehole
water and sanitation. The building will
house
an
electronics
laboratory,
computing facility (with its cooling plant),
power supply facilities and all standard
civil engineering infrastructure.

The upgrade of the main access road
between the Carnarvon-Williston provincial
road and the core site is making good
progress with the first section (0-40 km)
already 20% complete and the second
section (41-78 km) 33% complete (Figure
48). So far the project has employed 121
local workers and contracted several local
small businesses and sub-contracted.
The target date for completing the main
access road is November 2008.

The infrastructure team is working closely
with the project scientists and engineers to
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optical fibre route is underway and is
expected to be completed by mid-June
2008.

ensure that the radio frequency integrity of
the site is maintained. The construction
shed for the dishes, covered area for the
containers and ancillaries will be
completed for KAT-7 by end-October
2008. The construction of the remaining
buildings for MeerKAT will continue during
2009.

An optical fibre network will be established
for the project to transfer data from the
antenna to the correlator/computing room,
which is located at the site complex, and
from the computing facility via Cape Town
to the rest of the world. Power and optic
fibre should be provided to the support
base by the end of 2008 and to the core
site during the first half of 2009.

Power and Optic Fibre Network
The power requirement for the operation
of the MeerKAT instrument and support
facilities is expected to be between 2-2.5
MvA.
The Karoo sub-station which
currently supplies Carnarvon will be
upgraded from 5MvA to 10MvA. A 33kV
line will be built and routed from the Karoo
substation to the core site. The detailed
design and survey of the grid power and

Tracy Cheetham,
SKA SA Project Manager

USA
Preparations are underway for the arrival
and initial testing of the first parts of the
WIDAR correlator. A 4-station prototype
correlator (PTC) will be installed in June
2008, and prototype tests will be
conducted until September 2008. Limited
observing with a 10-station correlator will
commence in October 2008. Work has
progressed on the monitor and control
software needed for PTC tests in June
2008, and an agreement between ALMA
and EVLA on the binary data format (BDF)
has been written.

Technology Development Program
(TDP)
Two
working
groups
have
been
established within TDP: an Antennas
Working Group (AWG) and a Calibration
and Processing Group (CPG). There will
be close interaction between the two
groups because of the tight link between
array performance in science applications
and the demands the performance
requirements put onto individual antenna
and feed specifications. The AWG and
the TDP Project Office will aggregate
antenna manufacturing information from
various sources around the world to
provide options for the SKA. Both the
AWG and the CPG are interfaced to
international working groups.

In Penticton, British Columbia, extensive
tests of the “stage 2” prototypes for the
correlator’s station and baseline board
have been conducted. The station board
provides delay tracking and digital filtering
for the correlator, while the baseline board
contains the correlator chips where the
correlations are computed.
The final
design of the station board was approved,
and the “stage 3” build of 14 station
boards was completed. Testing of the
baseline board is still underway and has
gone very well. However, some bugs
have been encountered in the baseline
board, and this has delayed the approval
of the design for its next stage build.

U.S. Demonstrator Arrays
Expanded Very Large Array (EVLA)

Antennas continue to be retrofitted to the
EVLA design at the rate of six antennas
per year. A total of 15 antennas are now
used in scientific observations and
account for 52.9% of all antenna hours
used in observations. The electronics
outfitting of the 16th antenna is underway,
and the mechanical overhaul of the 17th
antenna has begun.

The prototype Ka-band (26–40 GHz)
receiver was shown to meet project
specifications and was installed in antenna
4 on 22 May 2008. Fringes were recorded
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The 11th Synthesis Imaging Workshop
took place 10-17 June 2008 with
significant contributions from LWAaffiliated scientists, including 4 of the 25
lectures and an all-day low frequency data
reduction tutorial.
The school had
approximately 140 participants from
around the world and was comprised
primarily of graduate and undergraduate
students. It is one of the major training
mechanisms for interferometry.
This
year's school was sponsored by University
of New Mexico, New Mexico Tech.,
NRAO, Associated Universities, Inc., and
the New Mexico Consortium’s Institute for
Advanced Study. The school web page is:
www.aoc.nrao.edu/events/synthesis/2008.

with this receiver by tuning it and the Qband (40–50 GHz) receivers in the other
antennas in the array to a frequency of 40
GHz. The installation of this prototype
receiver was delayed due to unexpected
conversion loss in its downconverter.
The mass production of the Ka-band
receiver will commence in Q3 2008.
Although the prototype C-band (4-8 GHz)
orthomode transducer (OMT) met project
specifications,
its
assembly
and
adjustment proved to be too time
consuming. The mechanical design of the
OMT was refined to simplify its assembly.
Now, no adjustments are required after
assembly for the device to meet its
performance specifications. The C-band
OMT is combined with a 90-degree hybrid
coupler to convert linear polarisation into
circular.
This technique requires the
cables between the OMT and hybrid to be
phase-matched. Staff in the front-end
group were recently successful in
accomplishing the phase-matching task.
They also selected a hybrid that functions
reliably at cryogenic temperatures.

Allen Telescope Array

The Allen Telescope Array achieved a
number of milestones in the first half of
2008. Following onto the completion of
the construction of 42 antennas in July
2007, efforts have been focused on
completion
of
digital
hardware,
commissioning of the array, and beginning
scientific operations.
Commissioning
efforts have increased the robustness of
array
operations
significantly
and
optimised array sensitivity.
Scientific
observations have included extragalactic
hydrogen, large-scale mosaics of radio
continuum, and transient searches (Figure
48). These observations form the basis of
large surveys to be undertaken with the
ATA.

In February 2008, production orders were
placed for the S-band (2–4 GHz) feed
horn’s centrifugal castings and fiberglass
lamination. The production lamination of
the S-band horns started in April 2008.
The horns will be assembled at the rate of
two every seven weeks. The fabrication of
the aluminum rings for the S-band horns
continues at the VLA site.
Long Wavelength Array (LWA)

The first four sites for LWA stations have
been selected, and a lease is in the final
stages of approval with the State of New
Mexico.
Site evaluations, including
studies of RFI, biology, archeology, etc.,
have all been completed and we expect to
begin putting in the infrastructure for the
first station by (northern) autumn 2008.
About 35 people on the project converged
on Blacksburg on 18-19 March 2008 for
two days of presentations and technical
discussion as part of a pre-Preliminary
Design Review meeting. All aspects of
LWA1+ were discussed, many in detail.
Development of prototype antennas,
analog receivers, and other electronics are
proceeding.

Figure 48. Portion of the field of the Leo Group of
galaxies showing the H I associated with
the galaxy M96 and the intergalactic gas
known as the Leo ring (center of image).
The H I image is from the ATA and the
optical image is from the Palomar Sky
Survey. Credit: Amber Bauermeister.
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rate of 1600 Hz was also installed. These
fast spectrometers were used in a search
for very bright radio transients; giant
pulses from the Crab nebula were
detected and data analysis is underway.
A cluster-based pulsar processor was
attached to the beamformer and pulsar
first-light was achieved

Efforts on digital hardware led to upgrades
of the correlator and beamformer,
installation and use of fast spectrometers
for transient science, and installation and
testing of a pulsar processor. In (northern)
spring 2008, a firmware upgrade to the
digital boards produced a full-Stokes, 32station, 100-MHz correlator. Three more
correlator blocks will be installed in
(northern) summer 2008, creating two
independently tunable full-Stokes, 42station, 100-MHz correlators.
A 42station, dual-polarisation beamformer was
implemented and a second independentlytunable beamformer is in the process of
installation.
Integration
of
the
beamformers with the Prelude SETI
processor has demonstrated phased-array
detection of narrow band signals from
spacecraft. An array of 44 independent
spectrometers that produce 128-channel
spectra over 200 MHz of bandwidth at a

Finally, a call for proposals from external
observers was issued.
Twenty four
proposals were received, requesting 1200
hours
of
observing
time,
which
represented
a
significant
oversubscription.
Observing for approved
external proposals will begin in July 2008.
Joseph Lazio
US SKA Consortium
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