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Editorial from the Director-General
Dear Colleagues,
Welcome to the April 2016 edition of the SKA eNews. The
purpose of eNews is to provide information on the status of the
project to the SKA Community and other interested people.
This is done through articles submitted by our colleagues in the
design consortia, from the precursor and pathfinder facilities,
from the outreach departments in SKA partner countries, from
the SKA Office and also from countries considering a possible
future role within the SKA. I thank all those who have
contributed articles for publication.
Over the past 4 months since the previous eNews, there has
been significant progress on all areas of the SKA. This continued
hard work and dedication has recently been recognised by the
European Commission with its identification of SKA as a
Landmark Project in its recently published Roadmap 2016, as
part of the European Strategy Forum on Research Infrastructures (ESFRI). ESFRI identifies research
facilities of pan-European importance, and so by having this status as a ESFRI Landmark Project it
recognises the SKA as a major research infrastructure for Europe and the world. The SKA has also
been awarded €5M from the European Union’s Research and Innovation programme Horizon 2020
that will help support the detailed design of the infrastructure required at the two SKA telescope cohost sites – the Murchison region of Western Australia and the Karoo region of South Africa – and adds
to the €150M currently being invested globally in the project’s pre-construction phase.
In other recent news, the iconic Parkes telescope in Australia, which is run by CSIRO, has been granted
pathfinder status by SKA Organisation. This means that Parkes joins a group of other world-leading
instruments and systems engaged in SKA-related technology development and science studies. Its new
status is based on its role in testing innovative new receivers, the phased array feed (PAF) receivers,
based on the receivers designed and commissioned on CSIRO’s Australian SKA Pathfinder (ASKAP)
telescope, and in testing new wideband single-pixel feeds. The PAF work at Parkes will play a key role
in the technological development of such receivers, which may play a future role in the SKA.
On the science front, the fantastic result from LIGO concerning their detection of gravitational waves
was later followed up by researchers from the SKA community, who used a number of SKA pathfinder
and precursor facilities, the Parkes telescope being one of those, to help identify sources in the radio
spectrum. Having SKA pathfinder and precursor telescopes involved in this major discovery is very
exciting and it gives a sense of what the SKA will unlock when it becomes operational.
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I write these words having just returned from the third meeting of governments negotiating the text of
the convention (or treaty), which will establish the inter-governmental organisation that will replace
the current SKA Organisation. The meeting took place at the Accademia dei Lincei in Rome over three
days and involved about 50 people from all of the governments participating in SKA. Representatives
from the SKA Organisation were also present. Excellent progress was achieved, with a significant level
of convergence on the various issues in front of the negotiating parties. There are still some detailed
issues to be resolved; these will be addressed over the coming weeks with the intent of holding a,
hopefully, final negotiation meeting in September.
I hope you enjoy this edition of the SKA eNews,
Professor Philip Diamond, SKA Organisation Director-General.
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Reports from the Consortia
Central Signal Processor
Overview
The “Central Signal Processor” (CSP) Consortium is
comprised of 14 signatories from 8 countries with more
than 10 additional participating organisations. The
Consortium includes a rich mixture of engineers, scientists
and managers from various academic institutions,
industry and government labs spread over 5 continents
(see https://www.skatelescope.org/csp/ for more
details). As might be expected, it has been a challenge to proceed efficiently with such a diverse and
distributed team.
The lead organisation of the Consortium is the National Research Council of Canada (NRC). NRC has
contracted MDA Systems Ltd. (MDA) to assist in leading the Consortium.

Current Status of Design Activities
Since the last eNews submission in December the CSP team has been working on the document
submissions to support CSP Delta PDR and the System Review for the end of March 2016. This has
involved Construction cost estimation updates and updates to all external ICDs. There was a CSP face-toface meeting in Penticton last November as part of the SKA Engineering Meeting.
The sub-element design teams have continued to progress into detailed design and prototyping
focussing on the most promising architectures and technologies. There has also been much activity on
the system engineering side (requirements, ICDs, modelling, processes, ILS/RAMs) with contributions
from New Zealand Alliance, Oxford, University of Manchester, NRC, Swinburne, and MDA. There are still
challenges in finalising the Level 1, 2, and 3 requirements that permit the efficient progression to CDR.
Key Sub-element Design Development
Local Monitoring and Control (LMC)

The CSP Local Monitoring and Control (LMC) sub-element is responsible for coordinating all the CSP
processing functions according to commands from the Telescope Manager (TM), returning status rolledup from the various processing sub-elements, and configuring and sequencing the sub-elements. NRC is
leading this sub-element with assistance from NCRA in India and INAF in Italy.
MID Correlator and Beamformer (Mid.CBF)

The Mid.CBF is led by NRC and is based on the FPGA PowerMX solution. This is a joint effort with MDA,
NZ Alliance, UPM Spain, and Selex ES. The Mid.CBF team has progressed the detailed design focussing on
the pizza box configuration. In particular, more accurate models for power have been created indicating
a real challenge in meeting the infrastructure requirements. A workshop to review the Delta PDR
“baseline” was held in early March at DRAO. The first spin of the PowerMX motherboard has undergone
in-house testing and is now out for a second spin. Various mezzanine cards are out for design and
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fabrication. The Mid.CBF FPGA design, sizing and prototyping continues. Models are also being
developed to confirm the algorithms and predicted performance.

Figure 1. Thermal modelling of the PowerMX motherboard with liquid cooling.
LOW Correlator and Beamformer (Low.CBF)

The SKA Engineering meeting held in Penticton last November was a springboard for the Low.CBF to
launch into writing the Prototyping Plan as well as the Detailed Design Document (DDD). A month of
solid effort saw the prototyping plan ready for the period up to CDR, and after Christmas the team
managed to complete the DDD. Both documents were submitted at the end of January ready for the
Delta-PDR review held at ASTRON on the 23rd and 24th of February 2016. The review committee created
approximately sixty OARs and only two actions were not addressed during the review – a huge success
and confidence booster for the team! The team stayed on at ASTRON following the delta-PDR for a
complete review of the Level-3 requirements. Almost all required some polishing in some way to be
suitable for the intended purpose and also highlighted many problematic areas in Level-2 and ICD
requirements.
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Figure 2. CSP_Low.CBF Delta-PDR attendees at ASTRON February 2016. Many thanks go to Alain
Baudry for his valued contribution as an external reviewer.
A week long Prototyping workshop analysed the prototyping activities to a higher detail level and
through a risk reduction process determined the scope of the prototyping activities that will be executed
up to Critical Design Review (CDR). There were several fundamental activities that will ensure the team
succeeds at CDR, these include hardware development (FPGA board and chassis), Signal Processing
Model, frameworks (Firmware and Software), and LMC (Tango and the Monitor and Control
Environment (MACE)). Significant planning has gone into the FPGA board, which is called Gemini
(representing the twin organisations of ASTRON and CSIRO). Andrew Brown from CSIRO and Gijs
Schoonderbeek from CSIRO will use their combined talents to produce the Gemini FPGA board, which
will be available for performance testing in Q4-2016. A signal processing modelling workshop was held
in Sydney in March 2016 and an initial critical path floating-point continuous model was successfully
demonstrated. The modelling group led by AUT now has a clear path to design, implement and test a
fixed point packetised model by CDR. The launch into prototyping is an exciting time for the Low.CBF
team!
Pulsar Search Engine (PSS)

The Pulsar Search Engine is a large sub-element of the CSP that will have almost identical instances for
both SKA-mid and low. The design team is led by the University of Manchester, University of Oxford and
the Max Planck Institute for Radio Astronomy supported by input from INAF Italy, NZ Alliance, ATC
Edinburgh, and ASTRON. This component has to be able to support the search for extreme orbital period
binary pulsars as well as short duration radio transients. It has to do this in a highly constrained power
budget. A very scalable architecture has been developed that allows for easy deployment of the same
architecture for the two sites and telescopes. We have developed a set of highly optimised algorithms to
run on either, or both, FPGAs and GPUs, to support the high processing load and power requirements.
We are developing different modes of operation that support continuous searching for transients at low
power input, through to the maximal use of the instrument for high performance pulsar search. We are
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currently establishing a significant prototype, which is serving to address many of the issues associated
with the construction, integration and verification stages.

Figure 3. The output from our PSS signal modelling software demonstrating the Fourier Domain
Acceleration Search module of the Pulsar Search Sub-element. A pulsar is simulated in an extreme
binary system and the Fourier transform of the dedispersed timeseries has been taken. This is
shown in the bottom panel as the result of the CXFT. It is clear that there are no significant spikes
visible, which can be attributed to the pulsar. The top images show sections of the so-called Filter
Output Plane, where the colour scale represents the signal to noise and the axes correspond to
sections of the Fourier spectrum and a range of different filters. The filters correspond to
different linear acceleration terms and are convolved with the Fourier spectrum in the lower
panel to recover the signal smeared out by the Doppler shift due to the pulsar motion in the
binary. The different images correspond to the affects of this smearing on the different harmonics
of the pulsar signal. The panel below this shows the filters and frequencies that gave the highest
signal-to-noise and the panel below that shows that collapsed into a “de-convolved” spectrum
were the periodic pulsar signal is now clearly seen. We are currently implementing this
sophisticated procedure in both GPUs and FPGAs.
Pulsar Timing Engine (PST)

The Pulsar Timing Engine is a smaller sub-element that will perform high fidelity, high-precision timing
observations of known pulsars for both SKA-low and mid. The primary computational task performed by
this instrument is phase-coherent dispersion removal, which requires performing many large Fast
Fourier Transform (FFT) operations in real time. Swinburne University is leading a design based on
COTS hardware with GPU accelerators and an early version of this solution is currently being
commissioned at the MeerKAT telescope. Since the last eNews submission in December, Swinburne has
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been working closely with the SKA SA team to interface the Pulsar Timing Engine with the MeerKAT
phased-array beam-former and develop efficient SPEAD packet capture software.

Path to Critical Design Review

Overall, the CSP Consortium has made good progress since October 2015. The current schedule is under
pressure due to the challenges to “freeze” the requirements and ICDs to support efficient progression to
CDR. This was given particular focus at the latest CSP face-to-face meeting in Madrid in early April.
Report provided by the CSP consortium

Low-Frequency Aperture Array
Overview

The AADC Consortium executes the Low Frequency Aperture
Array (LFAA) work package. The AADC Consortium is
responsible for the design of the antenna array stations and
its associated beamforming as the collector system for the
SKA1-low telescope. An important work package of LFAA is
the design, construction, deployment and evaluation of the
Aperture Array Verification System 1 (AAVS1); this is a 400antenna system to be deployed at the Murchison Radio Observatory (MRO). Details of AAVS1 can be
found in the SKA eNews of Dec. 2015.

Figure 1. The 16 element verification array with improved antenna mounting at the Lord’s Bridge
test site near Cambridge
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To improve the construction and the deployment of AAVS1 and LFAA the antenna mounting has been
redesigned. An array with 16 new elements has been realised at the Lord’s Bridge test site (fig. 1). This
array will also be used for receiver and station processing verification: the final tests before the system is
rolled-out at the MRO.
LFAA, though the University of Cambridge, is collaborating with the group of Prof. Christophe Craeye at
the Université Catolique de Louvain, in Belgium, to develop a software package capable of full
electromagnetic simulations of SKA-low station beams in a matter of seconds after an initial pre
computation. The code, HARP (HARmonic-Polynomial decomposition of MBF-interactions between
complex antennas devoted to the analysis of mutual coupling effects in large non-regular arrays) has been
developed since 2009 and it is based on the Macros Basis Function approach and the Method of Moments.
HARP allows us to accurately predict the beams of SKA-low antennas and stations including all the effects
of mutual coupling, which as we can see in the picture for an embedded element in the array, can be
significantly different. This effect needs to be taken into account in the calibration process to achieve the
desired dynamic range.

Figure 2. Simulation of an isolated antenna pattern (left) and an embedded antenna pattern (right)
The LFAA concept relies on the transmission of the RF signals to a (central) processing facility. In order to
do this cost effectively with sufficient stability Radio over Fiber (RFoF) technology will be used. Since
fibres can carry multiple laser colours, an option being explored is the use of multiple optical carriers for
the transmission of more radio signals on a single fibre; this is Wavelength Division Multiplexing (WDM).
WDM is well known and understood in fibre-optic digital communications but has not previously been
applied for radio signals. Design work with two colours, which will enable transmitting the two
polarisations of an antenna on a single fibre, has now been successfully completed. WDM technology will
be further qualified in AAVS1.

9

Figure 3. Integrated WDM for the transmission of two polarisations
The site work at the Murchison Radio Observatory, where AAVS1 will be hosted by Murchison Widefield
Array (MWA), made the next step with the roll-out of fibre cable (fig. 4). The cable will connect the AAVS1
antenna system with the station processing equipment in the ASKAP/MWA processing building, a
distance of nearly 7km.

Figure 4. Completed AAVS1 site preparation with ground planes and a 576 core fibre main cable
rolled out
Report provided by the AADC consortium
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Mid-Frequency Aperture Array
Overview
The AAMID consortium, working on the Mid Frequency
Aperture Array (MFAA), an Advanced Instrumentation Work
Package, aims to demonstrate the feasibility,
competitiveness and cost-effectiveness of MFAA technology
for SKA2. The key advantage of AAs is the capability of
realising a very large Field of View and sensitivity, which
results in an unsurpassed survey speed. Furthermore AAs are capable of generating multiple
independent FoVs, enhancing the efficiency of the system, for calibration and for multiple concurrent
observations.
At the time of writing, the consortium is currently finalising the last documents to be submitted as the
data package that will be reviewed during the system requirements review in the end of April 2016 at the
SKAO headquarters in Jodrell Bank Observatory in Manchester. The main focus has been to deliver a
properly defined set of science requirements that have been well established within the scientific
community and to trace down these requirements to well thought through AAMID and MFAA system
requirements. In addition a detailed status of the MFAA system and subsystem developments are given
together with an evaluation of the different sub-systems technology readiness levels and current
prototyping activities and future prototype plans. Extensive discussions, with the scientific communities
and different consortium member institutes, have also been ongoing in order to make a more detailed
planning towards a realisation of a science demonstrator that is planned to be located on the SKA site in
South Africa.

EMBRACE characterisation and results published in Astronomy and
Astrophysics
EMBRACE is the Mid Frequency Aperture Array Pathfinder for the SKA. At Nancay, EMBRACE has been in
operation for five years and is showing itself to be an extremely robust and reliable system. Despite the
modest collecting area of the EMBRACE pathfinder, it is still capable of a number of astronomical
observations, including pulsar observing and spectroscopic observations. EMBRACE successfully
measured the spectrum of the extragalactic source, the galaxy M33 (see Figure 1). For over two years,
EMBRACE@Nancay has been running a daily observing programme including the observation of pulsar
B0329+54 at two frequencies simultaneously, as well as daily drift scans of Casseopeia-A and CygnusA. Phase calibration parameters have been measured at roughly 6 months intervals, but the system is
showing itself to be so stable, that frequent re-measurement of calibration tables is not necessary. There
have also been very few component failures, and these are generally the off-the-shelf type components
such as network switches. All in all, EMBRACE is proving MFAA to be a highly reliable, stable, and robust
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system, which can be used long term with very little maintenance requirements. The total cost of
ownership of MFAA over the 50+ year lifetime of SKA makes it a cost-effective way of implementing the
mid frequency portion of SKA. For more details about the characterisation and the results with
EMBRACE, have a look at our publication appearing in Astronomy &
Astrophysics in April 2016. Here is the link:
http://dx.doi.org/10.1051/0004-6361/201526706

Figure 1. The spectrum of galaxy M33 taken with EMBRACE in Nancay

Dense array development
Octagonal Ring Antenna (ORA) is one of the candidate antennas developed in the University of
Manchester for MFAA. It is based on an easy to make planar structure, aiming at a low cost for mass
production. Two approximately 1 m2 prototypes based on square and triangular grid have been
manufactured with UK industry involvement, where the triangular grid array can collection 13% more
area than the square grid one, but with the same number of elements.
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Figure 2. Square and Triangular grid ORA prototypes
Both prototypes have been integrated with 8x8 LNAs provided by Nancay. A beamforming facility has
been established to make the prototype available for more in-depth investigation. Preliminary
measurements on the ORA prototype have been performed in Jodrell Bank Observatory. This is shown
below. Characterisations of the ORA arrays will be studied in the coming months. This includes some
collaboration with University of Cambridge on some initial observations.

Figure 3. Preliminary Measurements in Jodrell Bank Observatory
The development team at ASTRON has worked on verifying the antenna element’s performance. For
these initial tests the lightweight TSM prototype (Figure 4) has been used. It is designed using DFMA
techniques. To reduce material cost of the Vivaldi antennas, a 40% thinner sheet is designed in, while
maintaining the same performance. Furthermore, the electronics is housed in a biofoam structure below
the groundplane. A nice thing to mention is the newly designed interconnection method between Vivaldi
elements. A simple pin locks the elements to each other making a strong structure, shown in the insert of
Figure 4. This step makes the tile easy to assemble and reduces manufacturing time.
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Figure 4. TSM tile using new interconnection between Vivaldi elements (tile frame is not shown)

Sparse array development
Development of a sparse array concept using log-periodic antennas for MFAA is moving up to a larger
scale. Already built is a small 16-antenna array at Lord’s Bridge Observatory in Cambridge, see Figure 5,
which performs as simulated. This approach minimises the number of antennas required and provides
excellent sensitivity at low frequencies.
A contract to improve the implementation such that it can be manufactured in volume with consistency
and low-cost has been placed. A further development system will be implemented at Lord’s Bridge with
~100 antennas during 2016.
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Figure 5: Sparse antenna array at Lord's Bridge
This design for MFAA can draw heavily on the engineering and investment made for LFAA and use very
similar architectures and techniques to implement an all-digital array with all the scientific benefits that
would provide.

MIDPREP / AAMID Workshop, March 7 – 9, 2016, Cape Town.
The AAMID consortium and the MIDPREP programme organised a fully booked workshop in a very sunny
Cape Town, South Africa to prepare for widefield science and engineering in relation to SKA2. The main
goal of the workshop was to discuss the identified science cases and set up science and system
requirements of the SKA2-MFAA system and its science demonstrator in order to both get feedback and
to connect the MFAA system stronger with the scientific community, hence to the future users of the
system. A second aim was to engage MFAA with the science and engineering communities, as well as the
technical industry in South Africa. Both goals were fulfilled beyond expectations, with a week filled with
very enthusiastic and creative discussions, which are now developing into ideas, and future plans of
increased collaborations. More updates will follow in the next edition of the SKA eNews.
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Figure 6. The attendees of the MIDPREP/AAMID workshop meeting in Cape Town in March 2016
Report provided by the AAMID consortium

Signal and Data Transport
Current Project Status

The final component of the SADT Preliminary Design
Review centred on the Non-Science Data Network and
was successfully passed at the end of last year. The
Consortium is now progressing with the detailed design
work required to take us to Critical Design Review in
2017. We recently held our fourth face-to-face
Consortium meeting to develop this Stage-2 work.
Progress on technical work

One of the key aspects of the Consortium’s recent work has been evaluating the impact of various
proposed Engineering Change Proposals (ECPs) on the networking and data transport. Several of these
have wide implications for SADT’s design and would require a substantial redesign of several of our
subsystems. We held a dedicated session at our face-to-face meeting to consider the implications of
these proposals and our findings were submitted to SKAO.
Samantha Lloyd recently joined the SADT team in the role of Network Security Engineer. She is
working closely with SKAO to help with the definition of the SKA’s security policy with particular
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emphasis on how this impacts the SADT design. She held a successful first Security Workshop at the
end of last year.
Following last year’s prototype testing in South Africa, the Tsinghua team working on a system for the
transfer of a highly accurate frequency signal (equivalent to 1ps timing accuracy) have implemented an
improvement to their design. This change was aimed at addressing a feature in the prototype’s
measured response on minute timescales, which was identified as being due to leakage in one of the RF
mixers that implements the “round-trip” compensation at the heart of the scheme. The Tsinghua team
are now able to filter out any such leakage terms and bench tests are extremely encouraging. We plan
to do further testing on the prototype using the eMERLIN telescope as a test-bed over the summer. In
addition we will then integrate all the frequency and time transfer sub-systems to validate the overall
synchronisation and timing element.
Another aspect of prototype testing that we are currently planning is in the area of Electromagnetic
Compatibility (EMC) testing. The SKA’s extremely high sensitivity raises the risk that the equipment we
deploy near the telescope may generate radio frequency interference (RFI) that would mask the
science signals that we intend to observe. We therefore need to prove that all the designs we develop
meet the EMC specifications laid down by SKAO. We are planning to work with colleagues in SKA-SA
who have developed considerable experience in such EMC testing through the MeerKAT project.
Report provided by the SaDT consortium

Infrastructure Australia
Overview
INAU has continued to progress Stage 2 design work
towards its Critical Design Review (CDR), now scheduled
for July 2017, in the last few months. We note work has
been somewhat restricted due to the full final
configuration for SKA-low still being discussed.
Discussions with SKAO at the end of Stage 1 design
resulted in a new list of milestones for Stage 2 (see
Milestones section below). Several milestones have been completed already, and work is continuing on
several others. Another updated version of the Cost report has also been submitted, ahead of the next
SKA Board meeting, and a one-page summary has also been provided to SKAO. Other documents
submitted include PMP, SEMP, RMP, Health & Safety MP.

Engineering
Significant research and design work was performed in a number of areas, including development of the
power distribution concept, the early stage design of small self-contained power stations for the Remote
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Processor Facilities (that support the remote Low antenna stations on the spiral arms), and reviewing
the configuration document released by SKAO in December 2015 (which provides the locations for
stations on the spiral arms, but the size of and number of antennas in each station or locations of core
stations have not yet been finalised).
We also continued interfacing activities with the other work package consortia, developing designs
based on their requirements, reviewing and commenting on Engineering Change Proposals (ECPs) which
impact INAU’s scope, and finalising the remaining Interface Control Documents (ICDs). Good progress
has been made in particular in ICDs, with a number of key workshops held.
System engineering tasks were undertaken including discussions with SKAO on an appropriate Product
Breakdown Structure (PBS) for INAU; the PBS has since been finalised and updated in eB. Work also
continued on importing and processing INAU requirements into our System Engineering database
software programme, and adding documents into eB.
A contract was signed for the survey of 3,600 sq km Boolardy Station. This survey provided a full
topographic survey of the station, and in particular, the detailed contour map needed for placement of
components of the SKA. The ground and aerial components were completed in December 2015, and the
contour data were provided to INAU to review in March. Additional information has since been
requested from the contractor.
A two-day meeting was held with members of AIV, LFAA and SaDT on the roll-out planning for the SKA.

Visits

Antony Schinckel and Rebecca Wheadon attended the Consortium Leaders meeting at SKAO HQ in
February, and Rebecca also attended the Project Managers Forum ahead of that meeting. Ant and
Graham Allen travelled to Spain for a series of meetings with industry, university astronomy groups, and
SKAO staff. A one-day meeting was held in Madrid to discuss the SKA within the European Strategy
Forum on Research Infrastructures (ESFRI) roadmap and other SKA activities in Spain, with
approximately 60 industry representatives in attendance. Ant Schinckel gave two talks on ASKAP and
PAFs, especially the future of PAFs for radio astronomy. INAU, INSA and SKAO members also visited the
Spanish solar thermal power/research station, the Plataforma Solar de Almería (PSA), at Almeria, and an
active 200 MW solar thermal power station nearby. The picture below shows INAU and INSA consortium
members, with SKAO, Centre for the Development of Industrial Technology, and the Instituto de
Astrofísica de Andalucía staff at the PSA in Almeria. The group are standing in front of large mirrors,
which reflect sunlight into the large tower in the rear of the image.
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Image credit: Graham Allen, CSIRO.

Funding
As mentioned in the previous update, INAU was included in a grant application to the EU for funding to
complete Stage 2 detailed designs together with INSA. The application process was led by SKAO, with the
project titled “IN-SKA”. The agreement with the EU for the funding granted was signed by all parties in
December, and the first pre-financing payment has been received by SKAO. SKAO will distribute these
funds to CSIRO and the NRF (for INSA), and work has commenced on preparation of a tri-partied
consortium agreement between the three beneficiaries of this EU grant around internal governance,
reporting, budgeting, and so on. The first meeting of the IN-SKA Board was held in February 2016, with
discussions around the consortium agreement, current progress and status, and other matters related to
the EU agreement. You can read more about this in the SKA release.
The sub-contract for Aurecon to CSIRO for the money granted to CSIRO by the EU is currently being
finalised. It is undergoing final legal and project reviews before both parties sign the agreement.

Milestones

New milestones for Stage 2 have been agreed with SKAO and an ECP is in progress to finalise these
milestones. Several of these new milestones have already been completed, including the Plan Milestone
(comprised of the Risk Management Plan, Project Management Plan and System Engineering
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Management Plan), the Cost Update milestone, the Health and Safety Plan milestone, and the survey
tender documentation milestone.
An ECP has been lodged for INAU to acknowledge the request from SKAO to extend the project
completion date out to end of June 2017. INAU milestones will be adjusted accordingly to reflect this.

Board Meetings
The next INAU Board meeting will be scheduled in May.
Report provided by the Infrastructure Australia consortium

Infrastructure South Africa
Overview
The INFRA SA Consortium (INSA) is responsible for the
design of the Infrastructure & Power Elements for SKA1-mid
in South Africa. This includes Access (roads, civil works),
Buildings, Communication, Site Monitoring, Security,
Antenna Foundations, Vehicles, Power, Water and
Sanitation.
The Consortium currently consists of SKA SA in-house staff
as well as recent graduates and retired engineers who are providing support and mentorship to the INSA
team.
Funding of the Consortium’s Stage 2 deliverables has been secured through the signing of the joint
SKAO/SKA-SA/CSIRO (“IN-SKA”) EU Horizon 2020 Grant agreement. Initial funds have now been
received by SKAO that will be transferred to the National Research Foundation (SKA SA).
The Stage 2 CDR Statement of Work ECP was agreed in this period and Milestone certificates have been
issued by SKAO. SKAO issued a report to conclude the review of the Consortium’s management
documents as part of a milestone acceptance certificate.
Capex and Opex cost updates were delivered by the Consortium at the end of January 2016. These were
reviewed with the SKAO on 9th February 2016. Possible capital cost saving ideas have been submitted to
SKAO.
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The Topographical Survey contractor has completed work on site. The data has been submitted to SKAO
and shared with other consortia.
The Geotechnical, geohydrological and flood line investigation contractor has been appointed and has
commenced work on site. Work will be phased to match the land acquisition/ land servitude agreement
process that is underway.

Left Photo: Geotechnical investigation underway. Right Photo: Drilling at the SKA1-mid antenna
foundation prototype position
The Consortium is in the process of appointing a contractor through a public tender to undertake the
detailed design and construction of a prototype SKA1-mid antenna foundation. The detailed design is
commenced in April 2016 and the antenna foundation prototype will be constructed and handed over to
the DISH Consortium at the end of October 2016.
The location of the prototype antenna foundation has been agreed as indicated by the black cross in the
illustration below, adjacent to KAT 7:
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ICD meetings have continued with other consortia with the intent of baselining these key documents. The
Consortium has issued drawings to the System Review as an output of the Mid system rack performance
budget based on the knowledge gained from these ICD discussions. The Consortium System Engineer
attended the System Review held at the SKA HQ in March 2016.
The Consortium is actively participating in the relevant assessment processes for ECPs relating to the
capacity of the Mid CPF shielded room and servicing of the racks to be housed within it. This has included
a report on possible relation of CSP functions to the Engineering Operations Centre site or Cape Town.
Numerous RFI site measurements have been undertaken to confirm the most suitable separation distance
between an antenna and an overhead powerline in the spiral arms.
The power requirement for CSP_MID has increased dramatically which will result in the SKA1-mid power
budget exceeding what is currently available on site. SKAO has established the Power Supply Options
Working Group who will investigate power supply options to the site for SKA1 and SKA2. Craig Smith and
Ron Coney will be representing South Africa on this work group. The group is planning a visit to South
Africa in April/May 2016 to understand the existing power system that has been installed on site and
what the current constraints are.
Report provided by the Infrastructure South Africa consortium

Wide Band Single Pixel Feeds
Overview
The Wideband Single Pixel Feed (WBSPF) is the Advanced
Instrumentation Programme (AIP) aiming to provide an
advanced technical solution for SKA Phase 2 such that
three of the Single Pixel Feeds (SPF) feeds from the
current baseline design will be replaced with two wide
band feeds frequency coverage for SKA-mid and at the
same time extend the frequency coverage up to 24 GHz.
The consortium is an collaboration of Sweden’s Onsala Space Observatory and the Microwave Electronics
Laboratory, both parts of Chalmers University of Technology, ASTRON, MPIfR, IAF, JLRAT and the
Laboratory of Astrophysics (LAB) at the University of Bordeaux.
During the first quarter of 2016 the main efforts within the consortium were aiming to finish in time and
submit the data pack for the Concept Design Review (CoDR) meeting that will take place in Beijing backto-back with the third consortium meeting during 19th to 22th of April. For the CoDR we have appointed
external review panel constituted from Danielle George (Manchester University), Anthony Murphy
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(National University of Ireland, Maynooth) and Gie-Han Tan (SKAO) and chaired by Mark Bowen (CSIRO,
Australia).
Feed Technology

Both Band A and Band B are considered currently as the primary choice for the Quad-Ridged Feed Horn.
The feed for Band A is developed at JLARAT. The figure below shows the aperture efficiency of the Band A
feed on the SKA dish. Over the entire band the efficiency is better than 62% and better than 70% from 1.6
– 2.6 GHz. (Performance of the horizontal polarisation is similar).

Figure 1. Band A QRFH aperture efficiency.
The Band B feed is development at Chalmers Univesity of Technology, Onsala Space Observatory.
Preliminary simulations result for the sensitivity for in SKA dish is given in the figure below.

Figure 2. Band B QRFH sensitivity over frequency for antenna pointing at zenith.
mHEMT LNAs
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Shanghai Astronomical Observatories (SHAO) designed two LNAs based on MMIC technology. The two
MMIC designs are based on OMMIC 70nm GaAs mHEMT process. One design is aimed for lowest noise
and the other is for the best input matching. The figure below shows the layout and simulation results of
the two designs. The gain of LNA V1.0 is about 32-34 dB across 1.6 – 5.2 GHz. The return loss is better
than -7dB. The noise is less than 56 K at room temperature, which hopefully will be reduced to ten
percent at cryogenic temperature. The gain of LNA V1.1 is about 31-33dB. The return loss is better than 7dB. The noise is less than 85K at room temperature.

Figure 3. Fraunhofer IAF develops state-of-the-art MMIC low-noise amplifiers for the Band B based
on their renowned metamorphic HEMT process in collaboration with MPIfR.
Fraunhofer IAF is investigating design for both single ended LNA and differential LNA. Both amplifiers are
based on the Fraunhofer IAF metamorphic HEMT process with 50 nm gate length on a GaAs
substrate.The single ended and differential designs are identical, differential design is mirrored copy of
the single ended version. The amplifier has a differential input with input impedance of 200 Ω. The output
is single-ended and matched to 50 Ω. Hence, the LNA features a transformation of the 200 Ω differential
signal to the standard single-ended 50 Ω system impedance.
The size of the single-ended Band B LNA MMIC is 2.25 mm × 1.25 mm. The on-wafer S-parameters and
noise temperature of the LNA are presented in Figure 4. The figure shows the performance of all 37 cells
available on the wafer. The gain averaged over all the cells in the specified frequency band is 34.3 dB, the
input return loss is 9.5 dB, and the output return loss is 22.1 dB. The average noise temperature is 113 K
(@ T = 300 K).
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Figure 4: On-wafer measurement of the single-ended Band B MMIC LNA at room temperature: a)
S-parameters, b) noise temperature.
Under cryogenic conditions (T = 12 K) the LNA shows for all bias points stable operation. The cryogenic
performance of the single-ended LNA was measured by MPIfR in the frequency range from 4-14 GHz (up
to the present). The average gain and noise temperature in this frequency range are 28.7 dB and 13.6 K,
respectively. The power consumption of the entire MMIC is about 14.5 mW.
The size of the differential Band B LNA MMIC is 2.25 mm × 2.25 mm. The measurement of the differential
MMIC LNA was performed using a 4-port vector network analyser in the true differential mode in a 50 Ω
environment. The figure below presents the S-parameters of 31 good cells out of the total 37 cells on the
measured wafer. The gain averaged over these cells in the specified frequency band is 29.5 dB, the input
return loss is 12.1 dB, and the output return loss is 8.1 dB. The cell-averaged common-mode rejection
ratio (CMRR), depicted in the figure below is 29 dB. The differential noise temperature of six wellperforming example cells is presented in Figure 15c. It was calculated out of two single-ended 50 Ω noise
measurements by terminating the second input with 50 Ω, leading to a cell-averaged result of 123 K. Due
to a suboptimal calibration for one of the two single-ended measurements, the calculated results show
significant ripple, especially below 6 GHz.
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Figure 5. On-wafer measurement of the differential Band B MMIC LNA at room temperature: (top
left image) S-parameters, (top right image) common-mode rejection ratio (CMRR), (bottom left
image) differential noise temperature.
InP LNAs

Low Noise Factory LNA is designed in micro strip and is based on a single ended topology. The LNA has
three common source transistor stages, each of those consist in a 4×45 µm layout. The input matching
network is eternal, based on Duroid 6002 substrate, in order to allow a good trade-off between input
matching and noise. The thickness of the Duroid substrate is 0.381 mm (15 mil).
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Figure 6. Layout of the three-stages MMIC LNA. Input to the left, output to the right.
The noise temperature of the LNA is about 6 K in the middle of the band with variation from 4.5 to 10 K
across the whole band. The input and output matching is better than -10 dB over the entire 4.6 – 24 GHz
band and better than -15 dB from 6 – 24 GHz

Simulated performance of the LNA, (left image) Gain and noise performance, (right image) Input
and output matching.
Report provided by the WBSPF consortium

.
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Assembly, Integration & Verification
Overview
The Assembly, Integration and Verification (AIV) work
package represents one of ten key elements that will make
up the SKA1 Telescope. Whereas the other eight elements
are tasked with designing key components of the SKA1
Telescope, the AIV element is tasked to perform all
necessary planning to integrate these key components into
a telescope system that meets the engineering (Level-1) requirements.
The SKA1 Telescope will consist of SKA1-mid, which will be located in South Africa, and SKA1-low, which
will be located in Australia. SKA1-mid will consist out of approximately 133 SKA1-mid Dishes, plus a
further 64 MeerKAT Precursor Dishes. The AIV work package therefore also includes the planning for
integrating the MeerKAT Precursor into the SKA1-mid Telescope. SKA1-low will consist out of 512
SKA1-low Stations, which will include a total of approximately 125,000 individual low-frequency
antennas.
The member organisations of the AIV Consortium are SKA SA, CSIRO and ASTRON, with SKA SA leading
the consortium. All three member organisations have significant experience in building radio telescopes,
and therefore have a vast amount of integration and verification know-how that is benefitting the AIV
work package.

SKA 2015 Engineering Meeting
The Engineering Meeting in Penticton, Canada, was utilised extensively for face-to-face meetings with
other consortia and for face-to-face discussions among AIV members. The AIV forum “Getting to Array
Assembly 1” was very well attended and provided a great opportunity to establish a coherent Roll-Out
Plan, and to discuss the role of the Integration Test Facility.

Telescope Roll-Out Plan

Significant progress has been made on the Telescope Roll-Out Plan, with general support from all
consortia for the current release. The Roll-Out Plan identifies five high-level milestones for both SKA1mid and SKA1-low:
1.
2.
3.
4.
5.

Integration Test Facility Qualification Event (ITF-QE)
Array Assembly 1
Array Assembly 2
Array Assembly 3
Array Assembly 4

These high-level milestones form the basis for design consortia to plan their Element-level construction
roll-out and associated costs.
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An Array Assembly (AA) is defined as a package of hardware and software delivered to the AIV
contractor, consisting of all components that make up an Array Release. An Array Assembly is
characterised by the number of Dishes/Stations included in the array, and by its capability as an end-toend Telescope System with pre-defined functionality. An Array Release, on the other hand, is defined as
an Array Assembly that has been released by the AIV contractor, after it has been integrated into an endto-end Telescope System and after it has undergone extensive verification testing.

Figure 1: Telescope Roll-Out Plan, showing the Qualification Event in the ITF and the four Array
Assemblies on site.
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Figure 2: Software Release Management Process, showing the relationship between the three
software environments, i.e. the Development Environment, the ITF Environment and the On-Site
Environment.

Integration & Verification Planning
The Integration & Verification Plan provides a structured framework, in which all integration and
verification activities will be carried out in a coordinated manner during the Construction Phase.
The AIV Consortium has recently established an Integration & Verification Team that consists of
representatives from all Consortia. One of the objectives of this team is to improve the communication
between the AIV Consortium and other Consortia. Such communication is critical, in order to align the
overall I&V Plan with the verification and construction plans of the design Consortia.

Figure 3: Development of the Integration & Verification Plan.

Development of Test Procedures
The development of test procedures is currently one of the main focus areas within the AIV Consortium.
After having defined Verification Requirements for each of the Level-1 Requirements, which are fulfilled
at Verification Events, the next step is to develop Test Procedures and Test Configurations. This work is
on-going, and is drawing from integration and verification experience of precursor telescopes such as
LOFAR, MWA, ASKAP and MeerKAT.

Progress with MeerKAT Precursor Telescope

The MeerKAT Telescope is starting to take shape in the Karoo, South Africa. About 20 Dish structures
have been erected, although not all of them have been fitted with Feeds and Receivers.
The MeerKAT team is aiming to have a functional array of 16 MeerKAT Dishes by the end of June 2016.
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Figure 4: MeerKAT Dishes at the core site in the Karoo, South Africa. Credit: SKA South Africa

Challenges

Experience with other radio telescopes has consistently shown that the roll-out activities and AIV work
scope is often under-estimated, even at component level, and often causes delays in deployment, due to
re-engineering and retrofitting of components. This may significantly increase the total cost of the
system.
Many issues that are discovered during “downstream” integration and verification are the result of
“upstream” neglect. Early in the project, during the design stage, science requirements need to be
accurately translated to Element-level requirements, and interfaces between products need to be
accurately defined.
Another major challenge is that the software/firmware dominated Elements (CSP, SDP and TM) need to
deliver systems with basic functionality very soon after tenders have been awarded.
Report provided by the AIV consortium
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DISH
Design Baseline and Requirements
Consolidation. Steady as She Goes
Following the successful delta PDR for the Dish Structure in
December 2015, it was now time to consolidate the DISH
design baseline and make sure that we had clear
traceability of design requirements from Levels 1 to 4.
Then the accompanying documentation needed to be completed, configured and uploaded into eBently.
My thanks go to the System Engineers and Design Leads for making this happen. It is this rigour that will
ensure that SKA gets built to cost, specification and as close to schedule as reality will permit, which is
what we all want. That said, January was a little slow, even in the northern hemisphere but for those of
us in the correct hemisphere, it was also summer vacation time. Incidentally, it’s the correct hemisphere
because we have summer at perihelion and winter at aphelion, as it should be!
Some requirements issues were still to be resolved and slowed progress in the critical area of Dish
Structure design. As someone who comes from the optical side of the astronomical engineering world, it
is relatively easy to know where you are pointing because you can ’see’ your target. With radio
telescopes, the target is not always immediately obvious so it is important that we know extremely
accurately where the telescopes are pointing, especially when we are correlating a large array of
telescopes. Not surprising then that the scientists were getting a little worried about the real pointing
accuracy of the SKA Dishes, a very tricky problem not yet well resolved. Although questions had been
asked about this in the past, it was not until immediately after delta-PDR in December that a competent
team was composed to review the problem and analyse a solution. Well, this analysis and modelling
activity occupied them throughout the remains of December, all January, all February and would occupy
a significant portion of March before resolution. At time of writing resolution was imminent. Good work
team.
DISH is not all about dishes, and the Single Pixel Feed (SPF) teams and the SPF Receiver teams have all
been busy completing their respective designs. Below is a diagram as a reminder of the frequency bands
for which SKA-mid has been designed.
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In February, the Chalmers Band 1 team made the difficult down selection decision between a cryogenic
or an ambient feed. The decision came down in favour of an ambient feed, which makes a significant
difference to the crowding and complexity of the Feed Indexer environment. A tough call but well done
Chalmers.
Following the Dish down selection in November, it became obvious that a new Dish Structure Lead
would need to be found and after a number of options were considered, MTM’s Lutz Stenvers has
stepped forward to take this role. This allows Henk Niehaus from SKA SA to take on the DS System
Engineer role and Dr. Du Biao from JLRAT to continue to lead the SKA-P element. This is an excellent
organisational structure and I thank all those involved for their on going commitment to the Dish
Consortium’s success. I have composed a new organisational chart to reflect these changes, shown
below.
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In early February, a meeting was also convened in Stellenbosch, SA, to discuss the planning details of the
SPF Element including specifically issues pertaining to Band 5 and the Band 1 ambient versus cryogenic
down selection. Later in February, the SKAO held the next face to face Consortium Leader’s meeting at
the SKA HQ and it was illuminating in that it was made clear to all CL’s that the overall SKA budget was
still under considerable pressure and all efforts to contain costs should be explored. I am please to
advise that although all Consortia are currently over budget, Dish is the least so and the closest to budget
expectations.
Immediately following the CL meeting, the second focussed Dish Pointing meeting was held in Mainz,
Germany and it was here, after an enormous effort by MTM and JLRAT to model the large range of
parametric permutations, that it became clear how complex the problem indeed was. This has made the
proximity of resolution of the more stringent pointing requirements all the more commendable and I
salute the team for their efforts and patience.
As we move onward in the year, the Dish consortium is looking to reconsolidate its pre-construction
schedule to reflect the realities of complex development and to complete the suite of Consortium
Internal Detailed Design Reviews (DDRs) that are an important stepping-stone to deployment of the SKA
Prototype Dish at the Meerkat/SKA SA site. We will also perform the necessary qualification work in
preparation for SKA Dish Subsystem CDR expected in late 2017. Stay tuned.
Report provided by the DISH consortium
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Telescope Manager

Overview
Telescope Manager (TM) detail design has progressed well
with improved understanding about the TM Architecture.
TM design concepts are being proven through the
Prototyping effort and the prototyping work is
progressing well. A good progress has been made in
developing the TM PBS.
The following diagram highlights the significant components of the TM products and the
interconnections between the TM products.

Figure 1: TM Architecture High Level Organisation
Observation Management component is responsible for all the science-oriented aspects of the
control of the SKA telescope, from proposal submission, planning, observation scheduling and
execution to the project monitoring.
The primary functionality of the Telescope Management component is to facilitate the operation of
the SKA Telescopes by managing and coordinating various operations performed across the various
Elements of SKA. The key to its functioning is implemented as a Control System comprising a
hierarchy of control nodes assuming diverse control responsibilities based on their roles.
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Local Monitoring and Control Component is responsible for supporting the operation of the TM.
This includes dedicated software that monitors and controls the performance of the TM and ensures
that remote diagnostics is performed.
LINFRA component is responsible for providing infrastructure (COTS hardware, server monitoring
software, host operating system, visualisation software, device firmware, etc.) to ObsMgt, TelMgt and
LMC.
TM has made a good progress in terms of achieving the planned milestones. The summary of the work
taken up since the last reporting, key events and accomplishments are as follows.

Prototyping
Following the Prototype Strategy meeting in Trieste in March 2015, the first version of the
Prototyping Plan was prepared and submitted to SKAO in July 2015. Actual prototyping work was
taken up since then and a significant effort has gone into it and a lot of good progress has been made.
Sixteen prototypes were approved under various sub-elements and risk reduction was insisted on as a
key criterion for approval. Some of the prototypes have already completed where as others are on the
verge of completion. Based on the work done so far, prototypes have provided useful insight into the
design process. No major surprises have revealed so far by the prototypes that indicate major risks in
the design. Another version of the plan was submitted in December 2015 and the same was reviewed
by SKAO. The review comments received on the plan have been responded to, addressed and
following which the next version of the plan is being submitted shortly. As a next logical step, the
results of the prototyping will be documented and the prototyping report will be submitted to SKAO in
the June/July 2016 timeframe.

Contribution towards System Architecture, Functional Analysis
and Operations Concept Document (OCD)
Following the release of the Architecture Pack by SKAO, TM reviewed it and an OAR and a memo was
submitted to SKAO as a feedback from the TM side. TM put in major effort towards MID Telescope
Functional Analysis by making sure dedicated resources were available for the activity.
TM worked with SKAO by way of participating in the operations call held regularly and contributed
towards draft operations requirements.

Compliance and ILSP Pack
A set of updated PDR documents were submitted in support of the Compliance and ILSP pack in Sept
2015. Compliance Pack included documents like Cost Analysis Report, Risk Register, Compliance
Statement, External ICDs and Power estimates. On the other hand, ILSP Pack consisted of
Dependability Report and EMC/RFI Analysis Report.
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LMC Standardisation and TANGO Guidelines Document
Further work towards LMC Standardisation was taken up and as a result of this major version of the
LMC Scope and Responsibility (LSR) and LMC Interface Guidelines (LIG) documents were prepared
and issued to SKAO in support of one of the CDR milestone. The above documents were released
ahead of the SKA Engineering meeting to the Element LMCs and follow-up discussions were held
during the meeting in Penticton. These documents were then finally Approved and Signed off after
incorporating comments from the review and discussions held during the Penticton meeting in
November 2015.
Following the selection of TANGO as the Control System framework for the SKA Monitoring and
Control System and during the review of the updated LIG and LSR documents above, it was felt that
there needs to have guidelines for TANGO implementation. The purpose of such a guidelines would be
to ease the design and implementation of the LMC interfaces and ensure consistent behaviour across
using TANGO. This work was not originally planned as part of the TM work package. TM came up with
a plan and prepared the TANGO Specific Guidelines document ahead of the first LMC Harmonisation
Workshop held in Trieste, Italy, and shared it with the Element LMCs for the discussions to be taken
up at the workshop. The document is aligned with LIG and provides an implementation perspective to
the LIG using the TANGO and provides a common understanding and approach related to the design of
the interface between TM and LMC instance based on the TANGO.

Delta PDR, Consortium Management Review (CMR) and
Development Baseline
Delta PDR and CMR was held on 12 Oct 2015. As preparation towards this, PDR documents were
updated to address most of the outstanding action items from the PDR Review (barring few which
could not be addressed at the time due to dependencies) and submitted. Delta PDR was successfully
passed and that marked the successful completion of Stage 1.
In support of the CMR, the Project Management Plan (also called as Pre-Construction Plan) was
updated to include the revised Stage 2 milestones given the new insights at the time and System
Engineering Management Plans (SEMP) was updated to align with the SKAO SEMP. The CMR close-out
meeting was held during the SKA Engineering meeting in Penticton and the CMR passed successfully.
After the successful Delta PDR, the updated PDR documents were checked by the SKAO for correctness
and completeness and a subset of the PDR documents at the TM level were Approved, Signed-Off and
uploaded to eB to form the Development Baseline.

SKA Engineering Meeting and TM Face-to-Face (F2F) Meeting,
in Penticton, Canada
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Key members of the TM consortium attended the SKA Engineering Meeting in Penticton, Canada, last
November. This meet provided an opportunity for the inter-consortium interactions. LIG document,
driven by TM, was widely discussed and found in general acceptance. Apart from this issues like
Telescope Model, TM – LFAA Interface Architecture, etc. were discussed.
A two-day TM F2F meeting was organised after the SKA Engineering meeting in Penticton. Majorly
follow-up discussions were held on the topics discussed and action items came out from the SKA
Engineering meeting. A discussion on TM Architecture was held in order to check the progress made
so far and the way forward to close the gaps if any. Including herewith the photograph taken during
the meeting.

Figure 2: TM consortium team members at the SKA Engineering Meeting in Penticton, Canada
in Nov 2015.

TM Architecture Workshop- February 2016, Cape Town, South
Africa
TM Architecture Workshop was an important gathering where key members of the TM met from 1 – 5
Feb 2016 in Cape Town, South Africa in order to improve the understanding about the TM
Architecture and discuss gaps. The workshop was utilised to converge on the cross-cutting issues and
the TM Architecture was discussed comprehensively. Collection of products, Product Breakdown
Structure (PBS), Data Models, Dataflow view, Deployment view, External interfaces and integrations
and many more items were discussed. A number of action items came out from the workshop are
being worked up and tracked to closure. The momentum gained from this workshop is immense and is
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driving the entire team in a well-defined direction towards the successful completion of CDR.
Including herewith photograph taking during the meeting.

Figure 3: TM consortium team members at SKA SA, Cape Town for the TM Architecture
Workshop in Feb 2016.

LMC Harmonisation Workshop in Trieste, Italy
TM.LMC worked with the SKAO to organise the LMC Harmonisation Workshop from 16-18 Feb 2016
in Trieste, Italy. It is the first workshop in a series with the aim to improve the commonality across the
SKA Telescopes’ Monitoring and Control Systems architecture at levels beyond the LMC. The aim of
these workshops is to develop a community of practice, create a common control framework, and
establish a collaborative developer community. This effort is being put in order to achieve long-term
cost effective maintainability of the Telescopes.
The workshop focused on following aspects
•
•
•

Day 1 - TANGO Experts imparted advance TANGO Training
Day 2 - Discuss SKA Use Cases sent by LMC developers, TANGO experts provided answers and
potential draft approach following TANGO principles
Day 3 - Agreement on the harmonisation roadmap during 2016, and following the workshop
drafted a document to be submitted for the SKA System Design review

TM consortium provided a pre-approved version of the TANGO Guidelines document for
implementing the TM - LMC interface to all the participants of the LMC harmonisation workshop. The
guidelines were provided a week prior to the workshop so that the participants can take a glance at it
and provide the feedback during the
workshop.
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At the workshop, several items such as "Implementation of SKA Control Model in TANGO", "Usage of
Dynamic attributes to indicate health status of dynamic capabilities", "Usage of TANGO Pipe for SKA
events/alarms", etc. based on the LIG and TIG were discussed. 3 use-cases, namely "SKA Distributed
TANGO Facilities", "Support for TM’s Data Driven Approach" and "Auto-Discovery" were presented by
members of the TM consortium. TANGO experts provided comments, solutions and hints to
implement the use cases following the TANGO paradigm, and the TANGO best-practices.
In the workshop, it was decided that the Ant team, team to drive the LMC Harmonisation effort across
all SKA Elements, will take on the responsibility of the TANGO Guidelines document which will
become something with a wider scope e.g. to cover SKA Control System and TANGO Design Patterns
and Guidelines. There were a strong call for TM to take the lead in the overall SKA Control System
architecture in collaboration with all the other Element LMCs.

RBS Changes and Planning for TM Requirements Review (RR)
TM raised an ECP for implementing the Rebaslining changes at the TM level. The ECP was approved
and successfully implemented in Feb 2016 to achieve one of the negotiated milestone. PDR documents
at the level (L3) of TM were updated and uploaded to eB to achieve the milestone.
TM RR is planned and the Review Plan had been prepared and shared with all the relevant
stakeholders. Close out meeting to be held on 22 Apr 2016 and following of which the TM
Requirements to be baselined by end April.

Report provided by the TM consortium
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News From Precursor & Pathfinder Facilities
ASKAP Report
Overview

If 2015 was the year of the Boolardy Engineering Test Array (BETA), a functioning telescope comprised
of the first six ASKAP antennas installed with our revolutionary phased array feed (PAF) receiver
systems, then 2016 is the year of ASKAP Early Science. Heading in to the new year we’re now focused on
how to take advantage of the significant improvement in performance offered by CSIRO’s next
generation of ASKAP receivers – the Mk II PAF – and the lessons learned along the way.

Eight of the ASKAP antennas installed with Mk II PAFs shown during commissioning activities at
the Murchison Radio-astronomy Observatory. Credit: CSIRO.
Over the last 12 months, the ASKAP Commissioning and Early Science (ACES) team has produced many
images of the radio sky during commissioning activities with BETA.
Initial science papers based on BETA commissioning data continued to capitalise on the unique
capabilities of the telescope and radio quiet environment of the MRO. The latest paper, ‘A pilot ASKAP
survey of radio transient events in the region around the intermittent pulsar PSR J1107-5907’, confirmed
theoretical predictions about an ‘exotic’ intermittent pulsar almost 6,000 light years away. In what was
the longest observation to date of the intermittent pulsar, PSR J1107-5907, the results provided a teaser
of what the full ASKAP may be capable of in the future.
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Compute me

Making significant headway towards ASKAP Early Science in 2016 is also the team behind the ASKAP
Computing systems, working closely with ACES and the ASKAP Survey Science Teams to deliver the
bespoke software, ASKAPsoft.
A recent initial release of 3TB of demonstration data will provide valuable insight for the team
developing the CSIRO ASKAP Science Data Archive (CASDA) and reinforces the importance of open
access to data.
Let’s get technical

Originally intended as a commissioning instrument for use by the engineering team to prepare for the
full fit-out of the ASKAP telescope, BETA allowed the ASKAP team to showcase the impact that PAFs will
have on radio astronomy.
For the team, the technical advantages offered by of the ASKAP PAFs – such as the ability to form
synthetic beams, and control beam shape, footprint and direction – introduces new challenges for
learning how to use the telescope.
Interestingly, while refining the operation of ASKAP the team has found a feature that which initially
appears to be a challenge, might actually end up providing a solution.
Further development of the methods described in these memos will not only benefit the operation of
ASKAP in the future, but may also be transferable to other real-world astronomy applications and
facilities.
Technical memoranda from the ACES team covering the above topics (and more) can be read at:
http://www.atnf.csiro.au/projects/askap/ACES-memos
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The ASKAP team work on installing a Mk II PAF in the foreground, while in the background one of
observations with one of the ASKAP antennas in the BETA array – installed with the Mk I (green)
PAF – is underway. Credit: CSIRO.
BETA Make way FOR the next generation

The BETA telescope has proved to be an invaluable test platform providing insights into the intricate
workings of a new radio telescope using new receiver technology never before used for radio astronomy.
Therefore, in what is a bittersweet milestone for the ASKAP team, BETA was recently decommissioned at
the Murchison Radio-astronomy Observatory (MRO).
Eleven Mk II PAFs are now installed on the ASKAP antennas (at time of writing), with just one more left
to complete ‘ASKAP-12’ – this 12 antenna array will enable the start of ASKAP Early Science later in the
year.
Commissioning activities with these Mk II PAFs has now produced the first ever 36 beam image
arranged in a 6x6 footprint. Produced using ASKAP’s dedicated imaging package, ASKAPsoft, the image
covers 30 square degrees (ASKAP’s full field of view) and contains over 1300 sources.
Early data indicates the performance of these Mk II systems are on the verge of surpassing the previous
– Mk I – phased array feed design very soon.
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The first ever 25 beam radio image created during a 12 hour observation of the Apus test field.
The data were calibrated and imaged on ASKAP’s real time computer, Galaxy, located at the
Pawsey Supercomputing Centre in Perth.

A PAF bound for Bonn

The potential for ASKAP’s phased array feed receiver technology has now expanded beyond the
Murchison Radio-astronomy Observatory. Through an agreement with the Max Planck Institute for
Radioastronomy in Germany (MPIfR), CSIRO has recently built a phased array feed (PAF) receiver
especially for the Effelsberg 100m radiotelescope.
“The on-going development of PAF technology is a high strategic priority for us, and not only
incorporates PAF development for the SKA but also demonstrates the potential for this technology to be
used on other radio telescopes,” said Tasso Tzioumis, CASS Technologies Programme Director.
Visiting during the PAF development and installation was Gundolf Wieching, Department Head at MPIfR,
and he was extremely pleased to see the PAF progress as a key technology for future astronomy.
“This is an exciting step towards a new generation of receivers with capabilities not previously possible,”
he said, “The installation of the PAF on Parkes is a continuation of the long collaboration between the
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ATNF and MPIfR, and I'm looking forward to being able to use this new technology to look at the
northern sky, from Effelsberg."

The specially-designed phased array feed receiver that was built by CSIRO for MPIfR’s Efflesberg
telescope is installed on the Parkes radio telescope for testing before being deployed to Germany.
Progress on renewables surges ahead at the MRO

The Mid West outback in Western Australia may be the ideal site to build highly sensitive radio
telescopes, but the challenges of building a scientific facility in such a remote location require specialised
design and infrastructure solutions.
The MRO is home to CSIRO’s ASKAP telescope and the international Murchison Widefield Array (MWA),
and has now welcomed a new observatory power station – a hybrid plant that will use both diesel
generators, photovoltaic solar cells and a large lithium battery storage system.
The work on this station is being undertaken primarily by two organisations: Horizon Power is installing
the diesel plant, constructing the access track and power feeder cable, and installing an initial quantity of
solar panels, while Perth-based EMC Solar Construction have been appointed to engineer, procure and
construct an additional 1.6 MW solar array and a 2.5 MWh battery storage system at the MRO.
The installation of Horizon Power’s power generation component, integrated with the complementary
renewables-based power generation capability of the solar array and battery storage system, is a
significant milestone for the site and the provision of power to both astronomy instruments at the MRO.
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*CSIRO is constructing renewable energy solutions for the Murchison Radio-astronomy Observatory (MRO).
The ‘Sustainable Energy for the SKA’ (SESKA) project is an initiative of the Australian Government being
conducted as part of the Education Investment Fund.

Approximately 5000 solar panels have been installed at the MRO as part of the 1.6 MW solar
array constructed by EMC Solar Construction.
For more information on the above, and other recent ASKAP news, please visit the ASKAP
website http://www.atnf.csiro.au/projects/askap/news.html
Report provided by Flornes Yuen, CSIRO

MeerKAT Report
Timing is everything with MeerKAT – an update
Array Release 1 (or AR1) of the MeerKAT would be ready for early science by the end of June 2016. AR1
will be made up of 16 receptors. Each receptor comprises an antenna equipped with its own receivers,
digitisers and other essential electronics.
The roll-out continues with AR2, due by April 2017, which will take MeerKAT up to an array of 32
receptors. The complete 64 receptors are scheduled to be up and running by June 2017.
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According to Dr Lindsay Magnus, MeerKAT
Commissioning and Science Processing Manager,
“Rather than waiting until all the receptors were
ready, we decided to split up the releases of the
system thus making parts of the system available to
the science community sooner.” It is also an
opportunity to pre-empt any possible glitches.
“Before we get to AR3, we have intermediate
milestones,” notes Magnus. “This way we can get
some early result and verification rather than waiting
right until the end.”
Until the full SKA is completed, MeerKAT will be the
most sensitive radio interferometer in the L-Band in
the world. That sensitivity is expected to be more
than 300m2/K (square metre per Kelvin), well above
the 220m2/K originally specified.
Much has already been said about the large volumes
of data that MeerKAT and (eventually) SKA will be
generating – more than the entire Internet by 2020,
some scientists have predicted. The data must be
transported so that it can be shared around the
world, so the system will demand the highest in highperformance computing facilities.
Francois Kapp, Sub-system Manager of the Digital
Back End of MeerKAT, says, “The enormous amount of data generated by MeerKAT requires highbandwidth, low-jitter networks.” Jitter is any deviation in the time it takes for data packets to travel
through the network. Excess jitter can result in the loss of transmitted data between network devices.
With that in mind, SKA South Africa recently made some high-end acquisitions – SwitchX®-2-based
SX1012 and SX1710 10/40 Gigabit Ethernet switches; and LinkX™ optical cables. These will be used to
build MeerKAT’s high-capacity L3 multicast network, which will allow data from the MeerKAT antennas
to be shared simultaneously between several commensal mode.
Commensal modes is the term used to describe how different science experiments share the same data
in order to run concurrently – maximising the scientific exploitation of telescopic time.
This sharing model places high demands on the network. Multicast was originally designed for
applications that distribute, say, video data to multiple places. The MeerKAT digital signal processor
team, spearheaded by architect Jason Manley, has re-purposed it for scientific use, in the process,
pushing the boundaries of the technology to the extreme.
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The technologies promise lower overall costs and power consumption, great efficiency, and more
network management that is ideally suited to the requirements of MeerKAT. The Switch-2 technology
has earned acclaim for its performance in high-volume data centres and cloud networks.
“We concluded that the SwitchX-2 Ethernet switches and optical cables will provide us with the best
value enterprise-class Ethernet infrastructure that meets all the requirements for our systems,” notes
Kapp.
Given that the radio waves reach the reflectors at different times and the antennas are not all the same
distance from the data centre, the correlator beamformer is used to calculate time delays and to align
the signals. Correlation and beamforming are actually two different processes: the correlator enables
imaging of the sky by calculating the differences in time-of-arrival for every dish pair in the array; the
beamformer enables the array to be used as if it were a single dish by aligning the signals (to account
for the time delays) and adding them together.
Correlation relies on precise atomic clocks for the time-delay calculations, and it receives data from the
antenna digitisers, which are clocked synchronously using time and frequency signals distributed by
the fibre optics.

Above are the small robust laser link timing (green) cards used on MeerKAT for timing transfer.
The cards are used like radar – in this case it is named lidar since light (“li“) instead of
radiowaves (“ra“) is used in the detection and ranging (“dar”). Above right, the glow emitted by
the discharge in a hydrogen maser.
Recently, SKA South Africa signed a Memorandum of Understanding (MoU) with the National
Metrology Institute of South Africa (NMISA). This enables the MeerKAT radio telescopes to have a
direct link to International Atomic Time (TAI) and the associated Universal Coordinated Time (UTC).
NMISA is a public entity mandated to maintain the national measurement standards of South Africa,
including the measurement of time in comparison with international equivalents. The institute also
contributes to the UTC, an average time of many sophisticated atomic clocks around the world.
SKA South Africa will use ionospherically corrected common view of atomic clocks in space (on-board
GPS satellites) – changes in atmospheric conditions affect the speed of the GPS signals as they pass
through the Earth’s atmosphere, especially the ionosphere.
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The Jason-2 satellite allows for time transfer times in common view mode for most of the
continental links.
Ultimately, SKA’s ability to synchronise its clocks with UTC will depend on advanced calibration. It can
also be improved by utilising laser light in fibre and in space. The Hartebeesthoek Radio Astronomy
Observatory (HartRAO) has recently installed a picosecond laser and telescope that may provide a link
to the Jason-2 satellite, and from there to TAI-linked observatories in Europe.
The South African National Research Network is also starting to acquire dark fibre that could transfer
time very precisely around the country. Already good progress is made inside MeerKAT to set up fibre
links that would keep time errors to below 1.6 nanoseconds. These links will be deployed to the
telescope’s digitiser.
The project’s Technology Development Group also has expertise in setting up and maintaining longdistance links to UTC, including MASER clocks, a form of atomic clock. The aim of MeerKAT is to keep
the clocks accurate to within five nanoseconds. This, say scientists, will perhaps help to explain the
nature of pulsars, considered by some to be the Universe’s most accurate clocks.
This will make it possible to accurately map the skies, obtain a better understanding of the Earth, and
perhaps enable the detection of ripples in space-time – triggered by the dynamics of ultra-heavy
objects in the Universe – and still-not-observed black holes, which are proposed to sit at the centre of
most galaxies.
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The SKARAB is capable of specialised, high-performance parallel computing that will process all
the signals to be collected by MeerKAT antennas.
The correlator consists mainly of SKARAB boards (Square Kilometre Array Reconfigurable Application
Board), which are the third generation of the pioneering ROACH-1 and ROACH-2 (Reconfigurable Open
Architecture Computing Hardware) boards.
SKARAB will provide the digital-signal processing platform on which the MeerKAT telescope will run.
SKARAB features 3600 signal processing elements and comes with a state-of-the-art high performance
Hybrid Memory Cube, a memory system that allows the engineers to match processing power to
memory size and data bandwidth. Interconnectivity has also been upgraded from 10Gbps to 40Gbps, to
keep up with the data rate expected from the MeerKAT antennas.
Like most other MeerKAT hardware, SKARAB can be operated remotely, via its Ethernet interface.
SKARAB follows hard on the heels of its predecessors, thanks in no small part to the advances in
transistor technology – and in keeping with Moore’s law.
ROACH-1 was developed as recently as 2009. That technology was deployed for the correlator in KAT7, the seven-dish array that served as a prototype to MeerKAT. In turn, ROACH-2 provided the platform
for the first MeerKAT test systems. But keeping an eye on the future, the engineers designed them to be
easily upgradable, making an upgrade to SKARAB a fairly simple process. SKARAB and the previous
ROACH boards are founded on field-program-mable gate arrays (FPGAs), the ‘flexible’ microchips that
can be reconfigured by users after manufacturing.
Francois Kapp describes SKARAB as an evolution of the FPGA signal processing platforms. “While we
are not aggressive in our development and prefer to wait for commercially available devices, rather
than trying to develop with early engineering samples, we expect that SKARAB-2 will follow within the
next two years,” says Kapp.

50

“New generations of SKARAB should become available in every two to three years, matching the
release of new FPGA chips.”
Report provided by SKA SA

MWA Report

MWA expansion
The precursor telescope of SKA-low, the Murchison Widefield Array (MWA), is set for a significant
increase in capabilities after being awarded a million-dollar grant from the Australian Research
Council and significant contributions from new and existing partner institutions. The expansion will
take place over the coming year and will double the number of MWA phased-array antenna 'tiles' from
128 to 256 and double the maximum baseline of the array to approximately 5 km.
The expansion of the MWA comprises adding two new sets of 36 antenna tiles, each in a regular
hexagonal configuration (see Figure 1), as well as 56 new antenna tiles to double the maximum
baseline, deployed in a pseudo-random configuration. Infrastructure works for the new “hex arrays” is
complete (and can be seen on google maps already) and deployment of the new tiles is to be
completed by mid year. Interested readers might enjoy the google streetview style tour of the MWA
core.

Figure 1. This figure shows the existing MWA core tiles (squares) and the locations of the 72
new core tiles (circles) that will be deployed in a regular hexagonal configuration.
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The heterogeneous configuration of the new expanded MWA core has approximately 100 antenna
tiles, hence approximately 5000 short baselines within a ~200 meter radius. The densely populated
MWA core region combined with many long baselines antenna tiles is like a scaled version of the
proposed SKA-low configuration. The dense core provides the sensitivity to angular structure with
scales from ~10 arcmin to ~degrees on the sky that is required for the challenging Epoch of
Reionisation key science programme. The longer baseline antennas provide imaging resolution and
calibration sensitivity for the array.
The MWA also hosts the Aperture Array Verification System 1 (AAVS1), which will also be deployed in
2016. AAVS1 (described in the LFAA contribution in this newsletter) consists of 400 SKALA logperiodic dipole antennas, including a full sized station of 256 antennas and three smaller stations of 48
antennas each. Although AAVS1 will be able to operate in a standalone mode, integration of the AAVS1
signal path with the MWA will allow detailed performance and antenna metrology as was recently
demonstrated in Sutinjo et al., 2015.

MWA Science
The MWA participated in the science behind two highly publicised recent announcements in
astrophysics: the discovery of gravitational waves, and the identification of a host galaxy for a Fast
Radio Burst (FRB). The MWA formed part of the multi-messenger follow-up observations aimed at
localising the source of the events.
The MWA was the first radio telescope in the world to follow-up the gravitational wave (GW) event
and covered a significant fraction of the event error region in just 3 pointings (see Figure 2). The
MWA’s huge field of view makes it a very high value instrument for follow-up of GW events and one of
a few radio telescopes that has any chance of detecting prompt radio emission of GW events, given the
current large uncertainties with event localisation from LIGO.
The figure shows the combined electromagnetic follow-up from many telescopes for the GW event.
Radio observations are shown in pale pink and the MWA observations are the 3 very large circles.
FRBs are short bursts of intense radio waves that appear to be generated by as yet unknown sources
at extragalactic (probably cosmological) distances. The mystery of the nature of FRBs may well prove
to be as fascinating and revolutionary as the discovery of pulsars 50 years ago. As well as follow-up
observations for the recent FRB event, the MWA continues with several science programmes aimed at
direct detection of an FRB in archival data, making commensal use of the large MWA Epoch of
Reionisation key science programme. Two recent publications describe efforts in this area. Although
there have not been any MWA detections thus far, the non-detections have been useful to constrain
spectral index characteristics of the FRB population.
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The MWA has also been used to try and understand two other kinds of transients: short gamma-ray
bursts (SGRBs) and high-energy neutrinos. For the first item the MWA operations team developed
software that allowed the MWA to automatically respond to a SGRB seen by the Swift satellite and
start collecting data only 23s after the gamma-rays were recorded. This allowed deep limits on any
prompt radio emission emitted along with the gamma-rays, and proved an important step toward
searching for radio signals from gravitational wave events. For the second, the MWA paired with the
ANTARES neutrino experiment in the Mediterranean Sea. ANTARES primarily records neutrinos from
the Southern Hemisphere, using the Earth to block unrelated background events. It turned out that
two ANTARES neutrino events occurred serendipitously in the MWA field-of-view, so the team was
able to set strong limits on radio emission before, during, or after the neutrinos that is being used to
help understand the origin of the neutrinos.
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Ionospheric science:
The MWA has generated more ground-breaking science studying the ionosphere, this time in directly
imaging the formation of ionospheric density ducts after the passage of a Travelling Ionospheric
Disturbance (TID). Although this phenomenon has been thought to happen for some time, the MWA’s
huge field of view and arcminute scale imaging resolution allowed this effect to be directly seen in
MWA data. Perturbations in the density of the Earth’s ionosphere produce small positional offsets of
radio sources in the sky compared to their true position. By measuring the offsets of the thousands of
radio sources that can be seen in any MWA field, the offsets of sources from their predicted position
can be plotted to highlight large-scale structures on the sky (see Figure 3 below).

Figure 3. Plotted positions of predicted radio sources.

Deep image of MWA EoR field:
The spectacular image below is of one of the MWA’s Epoch of Reionisation fields. It contains over
16000 radio sources and is the deepest image yet produced with MWA data. The recent publication of
Offringa et al., 2016 details the properties of the thousands of foreground sources in the field with an
analysis of how well the sources must be measured for accurate subtraction in the EoR experiment.
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Figure 4. Image of one of the MWA’s Epoch of Reionisation fields

Report provided by Randall Wayth
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The SKA Outreach World
ICRAR Report
Astrofest delighted Perth stargazing crowds

Once again Perth's annual astronomy festival 'Astrofest' delighted the public with views of the night sky,
interesting talks and astronomy awesomeness all evening. Approximately 5,000 people joined in on the
12th of March to celebrate all things space and astronomy.
Held at Curtin Stadium and Edinburgh Oval, Astrofest brings together the WA astronomy community for
a night celebrating our night sky and the research going on in the State. The Square Kilometre Array is a
great feature of the evening, as well as its precursors the Murchison Widefield Array (MWA) and CSIRO's
ASKAP.
Astrofest also featured some great talks. Stuart Andrew brought along his 'pocket satellite' the Ozqube-1
that he's built in his back shed and will launch into space! Dr Jon Paxman from Fireballs in the Sky and
the Desert Fireball Network had the audience on their edge of their seats with his tales of searching for
meteorites that are freshly fallen in South Australia and Dr Ray Norris shared with us the wonders of
Australia's Indigenous People's astronomy knowledge.
The stunning astrophotography exhibition was on show again with over 30 images from local WA
astrophotographers on show. The exhibition will head out again later this year and be on show in
Geraldton in August/September. Astrofest will return in 2017, stay tuned for the date announced by
early July.
Below is a selection of photo's from the festival. All photo's are credited to: Astronomy WA Astrofest
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Report provided by ICRAR
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SKA SA Report

Itumeleng Molefi, Physical Science Educator at Carnarvon High School
Itumeleng Molefi, physical science educator at Carnarvon High School and the science educator in the
SKA SA Human Capital Development Programme, has been selected to attend this year’s High School
Teacher Programme (HST2016), which will take place at CERN in Geneva from Sunday, 3 July to
Saturday, 23 July 2016.
Molefi will be part of a group of about 50 teachers from more than 35 countries attending the
programme. He was appointed in 2014 to teach mathematics and science to Grades 9 - 12 at
Carnarvon High School due to a partnership between SKA SA and Teach SA. Congratulations!

Carnarvon teachers embrace technology in the classroom with
tablet training
Tablet training has helped in maintaining discipline in the classroom and keeping the learners busy,
says teachers who have completed tablet education training.
The 17 teachers from Carnarvon High School graduated on 5 April 2016, after completing the
Information Communication Technology for Rural Education (ICT4RED) tablet integrated training.
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The course is part of the Teacher Professional Development course, which was provided through a
partnership with SKA SA, the Department of Science and Technology and the Council for Scientific and
Industrial Research (CSIR)Meraka Institute.
The ICT4RED training was piloted in 2013 when the CSIR provided multimedia tablets and training to
160 teachers at 11 schools in the Eastern Cape as part of a project that aims to develop a mobile
teaching model that can be applied countrywide. The one-year pilot phase saw 16 teachers at Arthur
Mfebe Senior Secondary School in Cofimvaba trained in using digital content on tablets to support
traditional teaching and learning.
The training for the teachers at Carnarvon High School was another first for the initiative: it was the
first time that the training was provided in Afrikaans. “This in itself was a challenge as quite a few of
the mobile terminology terms just do not quite exist in Afrikaans and we had a lot of fun with
“innovative” translations. The teachers in the process took ownership of the course and we had a 98%
pass rate,” says Adéle Botha, Principal Researcher: Next Generation Mobile and ICT Systems at the
CSIR Meraka Institute.
Five of the teachers who completed the training - Mariette van Schalkwyk, Simeon Steynberg, Fatimah
Nyama, Patricia Le Roux and Itumeleng Molefi - were chosen to present the strategies that they
enjoyed most while implementing the course material in their classrooms.
The rest of the group includes Merwyn Abrahams, Brian Goliath, David Jason, Connie Joubert, Neovi
Makok, Werner Meyer, Hendrik Robyn (school principal), Juanita Slaverse, Lorraine Snyman, Nolan
Stevens and Nickolaas van Wyk.
Seven of teachers - Joubert, Le Roux, Molefi, Nyama, Robyn, Steynberg and Van Schalkwyk - also
received merit awards for their achievements on the course.
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Group photo of 17 teachers from Carnarvon High School.
“Using tablets in the classroom helps a lot with discipline and keeps them busy. They interact, play and
have fun while learning,” says Van Schalkwyk, a Mathematics Literacy teacher for Grades 10 to 12.
Itumeleng Molefi, the Natural Science teacher for Grade 9 and the Physical Science teacher for Grades
11 and 12, says that he created a game on the tablet to assist in explaining science to the learners.
“They really struggled to remember the most basic of concepts. I designed a quiz game of Jeopardy! on
the tablet by creating three boxes with questions and evaluated the groups while they answered the
questions based on the concepts that I have introduced in the classroom previously,” says Molefi.
The teachers agreed that the training was a lot of fun and that the tablets were very motivating to the
learners. Except for some suffering from “techno-phobia”, they are now convinced of the value of using
technology in their classrooms.
“I am now comfortable with my tablet and would like to campaign for more tablets and mobi-kits for
the learners,” says Simeon Steynberg, Grade 10 - 12 Applied Computer Technology and Network
Administrator at Carnarvon High School. The event was also attended by Terrance Phala, Deputy
Director in the Department of Rural Development and Land Reform; Dick Petshwa, District Director
(Pixley ka Seme district) in the Northern Cape Department of Education; John Neethling, Deputy
Director: ICT in the Department of Science and Technology; Thomas Fogwill, CSIR Research Group
Leader; Dawie Fourie, SKA SA Karoo Site Manager; and Paki Monyobo, Senior Manager in the Northern
Cape Department of Economic Development and Tourism.
“Training such as this brings about the outcomes that we want to achieve in education. I hope that this
can find its way to teachers in primary schools as well,” says Monyobo.
*Molefi has been selected to attend this year’s High School Teacher Programme (HST2016), which will
take place at CERN in Geneva from Sunday, 3 July to Saturday, 23 July 2016. He will be part of a group of
about 50 teachers from more than 35 countries attending the programme. He was appointed in 2014 to
teach mathematics and science to Grades 9 - 12 at Carnarvon High School due to a partnership between
SKA SA and Teach SA.

Science Tube 8-11 February 2016
Science Tube, also known as the Science Without Borders Festival, was held from 8 - 11 February
2016 at the Mayibuye Multipurpose Centre in Galeshewe, Kimberley. The festival is aimed at breaking
borders between science and the community by rebuilding a culture of learning beyond limits.
Two days of the festival was dedicated to running public engagement programmes. SKA SA partnered
with the Hartebeesthoek Radio Astronomy Observatory (HartRAO) in this regard, which was followed
by a further outreach component with communities from Carnarvon in the Northern Cape. SKA SA
optical fibre trainee interns hailing from Carnarvon and surrounds, MacCalvin Kariseb, Lourence
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Malan, Samantha Pieterse and Austin Julius, were roped in to talk to learners and young people about
study and career opportunities within SKA SA.

Hip Hop Science Spaza - 22 - 25 February 2016
Popular hip-hop artist iFani entertained learners and members of the community in Carnarvon on 25
February 2016, after a week-long Science Spaza was held at Carnarvon Primary School.
Hip Hop Science Spaza and SKA SA collaborated on the event to bring the youth, astronomers and hip
hop music enthusiasts together to advance scientific engagement and development in the community.
The learners were engaged on science education and focused on science related challenges affecting
communities, which zoned in on the electromagnetic spectrum and the reflection of light, learning
how telescopes work and a visit to the SKA SA Losberg site where the MeerKAT array of radio
telescopes are being constructed.
The week culminated in a “Music of the Stars” talent show for the community. Learners were required
to form pop-groups and perform science-themed songs. Through their songs, learners had to present
what they have learnt about science and the topics covered over the previous few days.
“The sun hides the stars in daylight / The sky shines so bright at night / Refraction is the action that
bends the light / refraction is the action that bends the light”, were the lyrics of the song performed by
the Diamond Girls, a group of four Grade 7 girls at Carnarvon Primary School. The songs were
recorded live and will be made available for widespread engagement around the SKA SA telescopes.
Part of the outreach was an engagement with learners from the Jodrell Bank Discovery Centre in the
UK via Skype link-up from Carnarvon, which was filmed by the Children’s BBC Newsround team. The
team was on a visit to South Africa to film in various locations, and visited Carnarvon, the SKA SA
Losberg site and surrounds for footage for four inserts aimed at explaining the SKA SA project to its
audience of six to 12-year old children.

SciFest Africa 2-8 March 2016
The 20th edition of Scifest Africa was a celebratory affair and SKA SA was one of the key exhibitors.
The event took place from 2 - 8 March 2016 at the 1820 National Settlers Monument in Grahamstown
under the theme A Matter of time, exploring the creation, measurement, depiction, experience and the
end of time. Not only was it graced by various international and local exhibitors and performers, but
the Minister of Science and Technology, Naledi Pandor was the guest of honour at the official opening.
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Group of students at Scifest Africa.
“The learners present here have time to work hard and to succeed in science technology and
engineering. You live in a time in which there are immense possibilities for all young people. I hope
you will use this festival to learn about science careers and to think about contributing to building a
great South Africa,” said Pandor.
Over the seven days, the festival programme offered 56 exhibitions and 712 interactive events,
welcomed more than 56 000 visitors from Southern Africa and more than 300 contributors from
South Africa and six other countries.
Partnering with HartRAO and Rhodes University, SKA SA’s participants engaged learners at the
exhibition stand, demonstrating how radio telescopes worked, how to build a mini-telescope, running
a live interferometer demonstration and talking about study options and careers in physics and
astronomy.
Siphokazi Gumenge, a Grade 7 mathematics and economic management sciences teacher at Lovedon
Primary in Alice in the Eastern Cape, says that the children find SciFest very interesting. “This my first
time at SciFest and I wish I came sooner! The children absolutely love the interactive displays and we
can take a lot of the information that we find here and use it in our teachings,” says Gumenge.
Oyama Mzayidume, a 13-year old Grade 8 learner at the Diocesan School for Girls in Grahamstown,
says: “This is amazing, it’s wow! The laser show was so much fun, I have learned so much already. I
went to the fossil exhibition and I could look into a microscope to see my own skin cells growing as I
breathe,” says Oyama. “I like chemistry and I want to become an endocrinologist.”
The SKA SA delegation consisting of more than 15 employees and SKA SA bursary holders also
participated in various SciFest outreach activities such as the iRhini Township festival and the Science
in the Park activity, engaging learners who were not able to travel to the exhibition at the Monument,
on science and technology.
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Shagita Gounden, computer engineer at SKA SA, delivered a talk on The Square Kilometre Array:
Searching for the origins of the Universe. She says: “I enjoyed the opportunity to engage with learners
of all ages. I was surprised by how well it was supported, not only by schools but by members of the
public too. I enjoyed the excitement expressed by learners and the general public when hearing about
SKA SA. There seems to be an overwhelming anticipation of the impact of the SKA and what it means
for radio astronomy, for the youth and for this country.”
“It is very satisfying to see beautiful, curious young faces listening attentively and asking the most
unexpected questions about science. Children come with one desire and that is to learn, and I couldn't
be more happy to share the little knowledge that I have gained so far. From my own experience,
exposure at a young age can really go a long way into steering a career path, and as I would have also
appreciated having something like SciFest expose me to the opportunities at that young age, I feel the
need to offer what I didn't have at that age. SciFest gives us a chance to spark an interest in science
and the basic principles of problem solving at a very critical phase of kids’ lives. I really enjoyed my
second SciFest experience,” says Nkululeko Qwabe, software engineer in the African VLBI Network at
SKA SA.
Tyrone van Balla, Electronics Engineer in the SKA SA Digital Back-end department, says: “SciFest was
a great opportunity to interact with kids ranging from Grade 1 all the way through to matric and share
with them the work being done by SKA SA. It was particularly rewarding to see young students
completely engaged with what we were telling them. Even more rewarding was being able to interact
with kids who have an obvious interest in Engineering and Astronomy who knew quite a bit about the
project already”.
“This is one of the biggest science festivals in the country. We had lot of interaction with learners,
educators, parents and exhibitors from other organisations, but there is still a lot to be done in terms
of awareness of the SKA SA project. We asked kids about their perception of SKA SA, and we will use
that information to craft our way forward for engaging with learners. SciFest Africa is a one-in-amillion festival that goes a long way in creating a global science loving nation,” says Nicholas Mogale,
HCD intern at SKA SA.

Science Circus Africa - Dr Graham Walker
One of the world’s foremost scientists, synonymous with making science fun and entertaining for kids,
Dr Graham Walker, visited the SKA SA site in the Northern Cape as part of his Science Circus Africa
tour.
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Dr Graham Walker teaching kids at Science Circus Africa.
This was coupled by visits to Carnarvon, Sutherland and Williston, where he staged interactive and
entertaining science shows for school children in the towns.
Often focusing on themes such as chemical reactions, liquid nitrogen, carbon dioxide, hydrogen,
oxygen, water, states of matter, freezing, boiling and pressure, Walker’s shows often involve dramatic
explosions, lots of laughs and exciting experiments such as launching marshmallows out of vacuum
cleaners, making rockets from everyday common items and launching teddy bears using liquid
nitrogen.
“Dr Walker’s shows have a lot of energy which he ignites in his audience. He lit up the school halls and
created science parks on the school grounds,” says Rametse.
Science Circus Africa, which has reached more than 55 000 people, started travelling through South
Africa, Namibia and Zimbabwe in February and will continue until April 2016.
Walker expressed his excitement at being in South Africa: “I am delighted to be in South Africa,
especially as this visit has created new partnerships and programmes around the SKA along with
heaps of other exciting science,” said Walker in an interview with The New Age.

Report provided by SKA SA
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News From Observer Member Countries
News From Japan
SKA-JP Science Book

The SKA-JP Science Working Group (SWG) has been working for a few months to revise and translate
into English the Japanese SKA science book published last year (the pdf file is available at
http://www.ska-jp.org/ws2015/SKA-JP/talks/SKAJP_Science_Book_2015.pdf). We have divided the
science book into chapters in analogous to the international SKA science book and posted them as a
series of papers on arXiv for March. The chapters include Cosmic Magnetism (T. Akahori et al.,
1603.01974), Astrometry (H. Imai et al., 1603.02042), Cosmology (D. Yamauchi et al., 1603.01959),
Epoch of Reionisation (K. Hasegawa et al., 1603.01961), Pulsar (K. Takahashi et al., 1603.01951) and
Galaxy Evolution (T. T. Takeuchi et al., 1603.01938). These papers not only contain review parts of these
SKA-related research areas, but also focus on scientific interests and original activities of SKA-JP
members with investigations of science use cases for the SKA. The chapters from other sub-SWGs will
come out soon.
SKA-JP Symposium 2016

SKA-JP symposium 2016 was held at NAOJ Mitaka on 18th of March, 2016. We discussed the future of
Japanese radio astronomy, the importance of the SKA, and how we can contribute to the SKA after
reviewing current status of each related institute and SKA-related activities in Japan and the world.
There were more than 40 participants and we have made fruitful discussions. It was a great opportunity
to share ideas about the present status and the future among the related communities in Japan.
Report provided by Hiroyuki Nakanishi, NAOJ

News From Spain
On February 23rd the Spanish Information Day "Square Kilometre Array (SKA) Industry Day", coorganised by the Centre for the Development of Industrial Technology (CDTI, http://www.cdti.es) and
the Institute of Astrophysics of Andalusia (IAA-CSIC, www.iaa.es), which coordinates the Spanish
participation in the SKA (P.I. Lourdes Verdes-Montenegro), was held in Madrid. It also had support
and representation from the Ministry of Economy and Competitiveness (MINECO) and the Astronomy
Infrastructures Network (RIA).
The main goal of this workshop was to inform the representatives of Spanish companies and
technology groups from academic institutions about the current SKA status as well as potential fields
in which Spanish companies could collaborate in the design and construction of this exceptional
infrastructure; all of them related to industrial sectors of renewable energy, information technology
and communications, mechanical systems, electronics, etc.
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The event raised great interest, with over 80 registered participants, including around 50 companies
and academic centres. The opening ceremony was conducted by Inmaculada Figueroa (Associate
Deputy Director-General for International Relations and European Affairs, MINECO), Juan Carlos
Cortes (Director of International Programmes in CDTI) and Jordi Torra (Coordinator of the RIA). One
of the drivers of this conference was to inform Spanish industry and technology groups about the SKA
project, its current status and potential areas of cooperation at the technological level. Therefore,
Philip Diamond (Director-General of SKA Organisation) presented an overview of the SKA and talked
about the progress of the project. In addition, Simon Berry, (Director of Development Policy at SKA
Organisation) explained the latest advances in policy development and procurement. Lourdes VerdesMontenegro (IAA-CSIC) gave an overview of the scientific and technological participation of Spain in
the SKA project since 2011.

Prof. Philip Diamond, Director General of the SKA, presenting the SKA project. Image credit:
Francisco Colomer.
The IAA-CSIC organised a visit on February 24th to the facilities of the Solar Platform of Almeria (PSA,
www.psa.es) for the leaders of the Australian and South African consortia, along with engineers from
their teams, the SKAO System Engineer of SDP and TM, SKAO Power Engineer, and MINECO
representatives. PSA belongs to CIEMAT (Centro de Investigaciones Energéticas, Medioambientales y
Tecnológicas) and it is the largest Research, Development and Test Centre in Europe for Solar
Concentration Technologies. It includes groups of medium and high solar concentration, solar
furnaces, thermal storage groups, units of solar desalination and solar water treatments inside its
facilities.
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A committee of representatives from MINECO, SKAO, INFRA-AU, INFRA-SA and IAA-CSIC in the
Solar Platform of Almería (PSA). Image credit: IAA-CSIC.
The visit continued in Andasol Solar Thermal facilities in Guadix, which has just successfully
completed its first operating cycle. This solar thermal plant consists of an industrial installation of
solar concentration power.

A committee of representatives from MINECO, SKAO, INFRA-AU, INFRA-SA and IAA-CSIC in
Andasol 1 facilities. Image credits: by Andasol.
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On February 25th, the visit continued at the IAA-CSIC (Granada). Jose Vílchez (Director of the IAA) and
other representatives of the centre met the visitors and talked about the fields in which the IAA-CSIC
is able to offer a significant contribution to the SKA, many of them already on-going, both in terms of
design and science outcomes. Then they visited the facilities of the Unit Instrumental and
Technological Development (UDIT) in the IAA-CSIC, where a team of engineers carry out the design
and implementation of technology with applications in astronomy e.g. the instrument CARMENES
(Calar Alto high-Resolution search for M dwarfs with Exoearths with Near-infrared and optical Échelle
Spectrographs), already being commissioned at the German-Spanish Astronomical Centre at Calar
Alto, operated jointly by the Max-Planck-Institut für Astronomie (MPIA) in Heidelberg, Germany, and
the Instituto de Astrofísica de Andalucía (CSIC) in Granada/Spain.
Finally, the leaders of the Infrastructure Consortium Australia and South Africa gave respectively two
talks about SKA pathfinders, ASKAP and MeerKAT.

The SKA industry day and side events ended in the IAA-CSIC, Granada. From left to right: José
Ramón Sánchez (MINECO), Julián Garrido (IAA-CSIC), José Miguel Ibáñez (UDIT), Telalo
Lekalake (Infra-SA), Craig Smith (Infra-SA), Inmaculada Figueroa (MINECO), Adriaan Schutte
(SKAO), Tracy Cheetham (Infra-SA), Juande Santander-Vela (SKAO), Lourdes VerdesMontenegro (IAA-CSIC), Olga Muñoz (UDIT), Antony Schinkel (Infra-AUS), José Francisco
Gómez (IAA-CSIC), Antonio Alberdi (IAA-CSIC), Graham Allen (Infra-AUS), Guillem Anglada
(IAA-CSIC), José Vílchez (IAA-CSIC). Image credits: by IAA-CSIC.
Report provided by Manuel Gonzalez (IAA-CSIC)
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