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Assembly
Integration

and Verification
Consortium

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 located in South 
Africa and SKA1 LOW 

located in Australia. 
SKA1 MID will consist 
of approximately 133 
SKA1 MID Dishes, plus 
a further 64 MeerKAT 
Precursor Dishes. The 
AIV work package 
therefore includes the 
planning for integrating 
the MeerKAT Precursor 
into the SKA1 MID 
Telescope. SKA1 LOW 
will consist of 512 SKA1 
LOW Stations, which 
will include a total of 
approximately 125,000 
individual low-frequency 
antennas.

The integration of the MeerKAT 
Precursor into SKA1 MID is 
currently planned towards 
the end of the Construction 
Phase, after MeerKAT has been 
operational for a number of years.
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The Assembly, Integration and Verification (AIV) work package 
presents one of nine key elements that will make up the SKA1 Telescope.

Following a classical systems engineering approach, the top-down design of 
a system is followed by bottom-up verifi cation.  This implies that Telescope 
System Verifi cation activities are preceded by Element Verifi cation activities, 
and followed by the fi nal validation of the user and science requirements.
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FOREWORD

SKA South Africa will in future 
publish three newsletters: a 

technical newsletter, one for the general 
public and one specifi cally for our 
stakeholders in the Northern Cape 
(in Afrikaans). 

This is the fi rst edition of our technical 
newsletter, for specialist readers and 
everyone who has an interest in astronomy 
and technology. We report some of the 
exciting technology which has been 
developed and used for the MeerKAT 
telescope and look at exciting science which 
is being done in preparation for the MeerKAT 
and SKA science programmes.

There is now a large and vibrant team of 
astronomers and engineers in the SKA 
SA project o�  ces and many others in the 
universities, who we support through our 
Human Capital Programme. The experience 
which our team has gained in building the 
site infrastructure, the KAT7 prototype and 
the MeerKAT has  enabled us to provide 
signifi cant support to the SKA Head O�  ce 
in such diverse fi elds as logistics, system 
engineering, system modeling, antenna 
design and so on.

As the new Project Director of SKA SA, 
I am excited about the future of this project. 
I am not entirely new to it: in addition to 
joining the SKA SA as Project Director 
designate in 2015, I have spearheaded it in 
its early days when I was Director General at 
the Department of Science and Technology. 

I greatly enjoy working with the highly 
talented SKA SA team and I am looking 
forward to the success of the MeerKAT 
telescope and the SKA.

The inner 
workings 
of the SKA

Dr Rob Adam 
SKA South Africa 
Project Director
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First array release for  
MeerKAT planned for 2016 

I
n July 2015, Dr Lindsay Magnus, 
MeerKAT commissioning manager, 
announced that Array Release 1 (or 
AR1) of the MeerKAT system would 
be ready for early science by the 

end of June 2016. A set of 16 receptors 
is expected to be up and running by 
July 2016. (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. 

The three-stage roll-out is intended 

to get scientists working on MeerKAT 
as soon as is feasible, explains Magnus. 
“When the project schedule was 
originally contemplated, it was realised 
that it would take a number of years 
from having nothing on the ground to 
having the full 64 receptor-array ready.

“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,” he says. 

It’s 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. “We will verify that 
we are able to perform basic science 
observations with the first array of 16 
antennas, which is the deliverable for 
mid-2016. All the different components 
being used should allow for 16 antenna 
functionality,” says Magnus.
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MeerKAT’s ‘electronic building block’ is evolving quickly
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The SKARAB is capable of specialised, 
high-performance parallel computing that 
will process all the signals to be collected by 
the MeerKAT antennas.

S
KARAB will provide the 
digital-signal processing 
platform 0n which the Meer-
KAT telescope will run. It will 
provide the digital-signal pro-

cessing platform on which the MeerKAT 
telescope will run.

SKARAB is a successor to the 
ROACH-2 (Reconfigurable Open Archi-
tecture Computing Hardware) board. 

Work on Skarab started in 2014. 
SKARAB forms a key component in the 
correlator/beamformer subsystem of 
the MeerKAT telescope. Capable of 
very specialised, high-performance par-
allel computing, its job (just as was that 
of the predecessor ROACH boards) 
is to process the signals that will be 
collected by the MeerKAT antennas. It 
promises savings in operational costs 
and power consumption, and simplifies 
maintenance and support. 

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 pro-
cessing 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 (nearly 
40Gbps per antenna).

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 tech-
nology – and in keeping with Moore’s 
law. 

ROACH-1 was developed as recently 
as 2009. That technology was deployed 
for the correlator in KAT-7, the sev-
en-dish array that served as a proto-
type to MeerKAT. 

In turn, ROACH-2 provided the 
platform for the first MeerKAT test 
systems. But keeping an eye on the fu-
ture, 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, digital back-end 
subsystems manager for MeerKAT, de-
scribes 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 
SKARAB2 will follow within the next 
two years,” says Kapp. 

“New generations of SKARAB should 
become available every two to three 
years, matching the release of new 
FPGA chips.”

The age of the SKARAB dawns

IN A NUTSHELL
The Correlator/Beamformer, located in the Karoo Array 
Processing Building (KAPB), enables the array to be used as 
if it were a single dish, by aligning all the signals, multiplying 
them and keeping a running total of the product. It will consist 
of SKARAB boards (Square Kilometre Array Reconfigurable 
Application Boards) and a large commodity Ethernet switch. 

SKARAB features no 
fewer than 3600 signal-
processing elements, 
and comes with a new 
state-of-the-art high-
performance memory 
known as Hybrid Memory 
Cube, which allows the 
MeerKAT engineers to 
match the processing 
power to memory size 
and bandwidth.



U
niversity of 
the Western 
Cape Associate 
Professor Mario 
Santos is keep-

ing his eye on the big picture 
– that picture being the very 
structure of the cosmos.

Santos supervises a 
master’s project at the 
University titled “HI inten-
sity mapping with KAT-7 and MeerKAT: 
testing the calibration pipeline.

This is part of a larger program coor-
dinated by Santos, involving at present 
two postdocs, one PhD student and two 
master’s students. The project relies on 
the potential of a technique known as 
intensity mapping – Santos himself calls 
it “exquisite”. For one thing, it could allow 
scientists to test the standard model of 
cosmology (that is the one involving the 
Big Bang) with actual observations. 

The technique of interest to Santos is 
‘21 cm intensity mapping’. Here, scien-
tists trace hydrogen in the Universe by 
using its 21 cm emission line, a technique 
that has proven useful in calculating 

the mass and dynamics of 
galaxies. Hydrogen is of 
particular interest to cos-
mologists, partly because 
some 90% of all atoms in 
the Universe are hydrogen 
atoms, and they can act as 
“light beacons” of the invis-
ible dark matter thought to 
make up most matter in the 
Universe.

A galaxy survey detects galaxies 
(usually just points) across the sky (and 
sometimes with redshifts also to give 3d 
positions). For cosmology the number of 
galaxies are used. An intensity mapping 
survey has much lower resolution and it 
does not detect galaxies. Instead it just 
measures the combined emitted radia-
tion from many galaxies falling in each 
pixel on the sky (large pixels).

 “Since HI traces dark matter, this 
mapping is expected to be an excellent 
probe of the cosmological model,” says 
Santos. One of the fi rst things Santos 
and his team is doing is to run simula-
tions of the HI signal through a simulat-
ed KAT-7/MeerKAT observation pipeline. 

The project is also comparing the 
calibration of a single-dish survey and 
an interferometric survey of the same 
sky area.  

With its high sensitivity, says 
Santos, MeerKAT has the potential to 
be the fi rst telescope in the world to 
use the HI intensity mapping method 
to detect the elusive Baryon Acoustic 
Oscillations – periodic fl uctuations in 
the distribution of baryonic matter that 
could give another clue to the nature of 
dark energy. Capturing the intensity of 
hydrogen emissions from galaxies can 
offer countless insights, he notes.

“We will then look at how that inten-
sity changes across the sky and across 
frequency, making the largest movie of 
the Universe ever made across cosmic 
time. This will allow to probe things like 
the nature of dark energy or how the 
Universe behaves on ultra-large scales, 
where we might fi nd a smoking gun for 
changes to general relativity or what 
happened in the fi rst instants of our 
Universe.”

SCIENCE

04 #1 2016

Associate Professor 
Mario Santos from 

the University of the 
Western Cape.

HI intensity mapping 
with KAT-7 & meerKAT: 
Testing the calibration pipeline



In astronomy, the sharpest images are 
typically achieved using a technique called 
very long baseline interferometry (VLBI). 
This technique combines the signals from 
an array of antennas across the planet, 
including South Africa’s 26�m dish at 
the Hartebeesthoek Radio Astronomy 
Observatory. 

SCIENCE
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Rhodes University astrophysicist Dr Roger 
Deane, top, and his master’s student Tariq 
Blecher, have some technical challenges 
to overcome in their quest to capture the 
silhouette of a black hole.

D
espite the appeal of black 
holes to physicists, they’ve 
actually never been seen 
directly and so their size 
and shape remain no more 

than theoretical predictions. Now Dr 
Roger Deane, an astrophysicist in the 
Department of Physics and Electronics 
at Rhodes University, and his master’s 
student Tariq Blecher, are in the process 
of developing software that would offer 
a glimpse of black holes – or at least 
their silhouette. 

There are signifi cant technical 
challenges that Deane and Blecher will 
have to overcome. “In order to measure 
the silhouette of the supermassive black 
hole at the centre of our galaxy, you 
need the sharpest image that you can 
possibly make,” explains Deane. 

In astronomy, the sharpest images 
are typically achieved using a technique 
called very long baseline interferometry 
(VLBI). This technique combines the 
signals from an array of antennas across 
the planet. South Africa’s 26m dish at 
the Hartebeesthoek Radio Astronomy 
Observatory is used for VLBI. The 
problem for the Rhodes team  and their 
joint international collaborators is that 
they also need to go to much higher 
frequencies than most VLBI networks 
offer. 

“This is essential,” says Deane, 
“because the higher the frequencies, the 
sharper the image and the silhouette is 
expected to be approximately 50 million 
times smaller than the moon appears in 
the sky. Or perhaps more daunting, over 
a thousand times smaller than the fi nest 
detail that the Hubble Space Telescope 
can make out.”

There are very few available antennas 
for such an exercise. (A few international 
projects are hoping to expand the global 
networks of antennas.) 

Rhodes team joins e� ort 
to image black hole shadow

“This means that there is a lot of 
missing information, which results 
in a much greater challenge in 
reconstructing a robust, reliable image,” 
says  Professor Oleg Smirnov, who holds 
the SKA SA Research Chair in Radio 
Astronomy Techniques and Technologies 
at Rhodes University, and heads the 
Radio Astronomy Research Group at the 
SKA SA offi ce in Cape Town. 

Smirnov is also behind the software 
used for the project: MeqTrees, which 
will be used for the simulation and 
calibration of radio astronomical data. 
Among the other challenges the project 
software will have to overcome is the 
distortion of incoming high-frequency 
signals by the water vapour in the 
Earth’s atmosphere. 

Deane remains optimistic about 
overcoming these hurdles. “This is 
very important, as doing so will have a 
number of high impact consequences for 
astronomy and physics, including new 
tests of Einstein’s General Theory of 
Relativity,” he says. 

This work complements the recent 
detection of gravitational waves by the 
Laser Interferometer Gravitational-
Wave Observatory (LIGO).



Rare spiral galaxies 
capture attention 
of international team 

SCIENCE
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F
our spiral galaxies certainly 
captured the attention of 
the international team of 
astronomers from South 
Africa, India and France who 
fi rst spotted them in early 

2015. 
These galaxies are extremely rare, by 

virtue of what’s known as their ‘radio-
emitting jet lobes’. 

These jet lobes are powerful radio 
emissions from two regions – typically 
one on each side of the galaxy – and are 
often much larger even than the galaxies 
from which they originate.

 In the case of the above four 
galaxies, the lobes extend up to as much 
as a million light years away from the 
galaxies. (One light year equals some 
nine trillion kilometres.)

Such radio lobes are usually 
associated with gas-poor elliptical 
galaxies with low star formation - 
making it easier for the radio jets to 
burst through. 

These four galaxies are spiral 
galaxies, fl at, rotating discs containing 
stars, gas and dust – where stars are 
constantly forming – with a central 
concentration of stars known as the 
bulge.
The discovery was the reward of a 
dedicated programme to fi nd such spiral 
host radio galaxies. (Up to now, three 
of the only four previously known spiral 
host radio galaxies had been discovered 

serendipitously.) 
In this case, the galaxies were 

spotted in a systematic search that 
combined 187 000 optical images of 
spiral galaxies from the Sloan Digital 
Sky Survey (SDSS) DR7 with the radio 
sources from two radio surveys: the 
Faint Images of the Radio Sky at 
Twenty-cm (FIRST) and the NRAO VLA 
Sky Survey (NVSS), both carried out 
with the Very Large Array (VLA) radio 
telescope in the US. 

The research was supported by the 
Square Kilometre Array (SKA) telescope 
project in South Africa, and the Indo-
French Centre for the Promotion of 

Advanced Research.
It’s going to take some more data 

and observations to understand the 
formation of these galaxies, which don’t 
quite fi t the current theoretical model, 
says team leader, Dr Veeresh Singh, a 
postdoctoral fellow at the University of 
KwaZulu-Natal (UKZN). 

The team includes Professor 
Jonathan Sievers and Dr Matt Hilton 
from UKZN, Professor C.H. Ishwara-
Chandra and Dr Yogesh Wadadekar 
from the National Centre for Radio 
Astrophysics in India; and Dr Alexandre 
Beelen at the Institut d’Astrophysique 
Spatiale in France. 

The team’s best educated guess, for 
now, is that the formation of spiral host 
double-lobe radio galaxies is attributed 
to more than one factor.

Possible factors include strong 
interactions or mergers with other 
galaxies. The team believes that their 
discovery can be considered as a test 
bed to spot more such spiral host 
double-lobe radio galaxies in the distant 
Universe. The superior sensitivity of 
the upcoming SKA telescope may well 
grease the wheels on that task. 

Dr Veeresh Singh, from the Astrophys-
ics and Cosmology Research Unit in the 
School of Physics at the University of 
KwaZulu- Natal, is the team leader for 
this project.

The SKA telescope will aid further studies into the deep Universe



PROJECT UPDATE

07#1 2016

Or just more hands, as in the 
case of the Hydrogen Epoch 
of Reionisation Array (HERA) 
telescope being built on SKA 

South Africa’s site in the Karoo. 
Thanks to the recent appointment 

of four skilled construction workers 
from the ‘nearby’ town of Carnarvon, 
100km away, the project is now expected 
to progress quickly. 

The appointments are the fi rst for 
the project, which up to now relied on 
volunteers or labour provided by training 
projects.

The construction of the initial 19 
dishes, or HERA-19, is scheduled to 
be completed soon. 

This fi rst phase is being led by the 
University of California, Berkeley in 
a construction partnership with SKA 
South Africa. 

More dishes will be built in the second 
phase, this time with funding from 
Cambridge University.

The aim is to build a telescope 
that will be capable of making, ‘a solid 

More power gives HERA construction 
a push in the right direction  
Sometimes, as the 
expression suggests, 
many hands do make 
light work 

The HERA array is envisioned as an eventual array of 352 
x 14 m dishes in a cylindrical close-packed formation 
(forming a giant hexagon of dishes with 11 dishes per 
side), plus 21 outriggers. The � rst stage involves building 
the southwest corner – a hexagon with three elements per 
side, making up 19 dishes in total. As HERA expands, this 
array will be added onto by building out the “rings”  while 
maintaining the hexagonal shape.

detection of the redshifted hydrogen 
power spectrum signature from the 
Epoch of Reionization (EoR)’.’. 

That is, to pick up the faint 
electromagnetic radiation emitted by 
hydrogen in cosmic space about one 
billion years after the Big Bang. The 
EoR is often referred to as the ‘last 
unexplored phase of cosmic evolution’ 
when the fi rst galaxies began to form 
out of cold clumps of hydrogen gas. 

“Just the kind of pioneering work 
that grabs the attention of Nobel 
committees, says SKA South Africa 
senior astronomer Dr Gianni Bernardi.

With HERA – which operates at low 
radio frequency – the South African 
team hopes to create the fi rst three-
dimensional (3D) map of the Universe 
during this epoch.

 “It has enough sensitivity to detect 
the EoR signal and transform our 
knowledge in one of the main SKA 
science areas,” says Bernardi. 

The work is all the more impressive 
because the telescope’s minimalist 
design makes it a relatively inexpensive 
structure. And because each antenna 
will point in a fi xed direction, they do not 
have to move around, so no expensive 
moving parts are required.

HERA will also serve as a prototype 
experiment for the work on SKA that will 

follow, points out Kathryn Rosie, HERA 
project engineer. 

“The 19 elements also give the 
collaborators a chance to test the 
performance of the array, and SKA 
South Africa a chance to refi ne 
its methods and materials for 
construction,” she says.

HERA is one of a number of low 
frequency telescopes, including MWA in 
Australia an LOFAR in the Netherlands, 
that are pathfi nders for SKA Low to be 
located in Australia.



Timing is everything at MeerKAT
Time-keeping  
can never be  
too accurate

R
ecently SKA South Africa 
signed a memorandum of 
understanding (MoU) with the 
National Metrology Institute 
of South Africa (NMISA). This 

enables the MeerKAT radio telescopes 
at the Losberg site in the Karoo to have 
a direct link to international atomic 
time (TIA) and the associated universal 
coordinated time (UTC).
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.

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 an 
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 
– to compare the clocks at Losberg with 
NMISA’s UTC (ZA) clocks. 

To make sure they have an improved 
link to UTC, and so get UTC (ZA) as close 
as it can get to global UTC, NMISA is 
currently upgrading its infrastructure. 

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 in Gauteng has recently 
installed a picosecond laser and 
telescope for that might provide a link 

PROJECT UPDATE
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to the Jason-2 satellite, and from there 
to TIA-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 being 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 long-
distance links for UTC, inluding MASER 
clocks, a form of atomic clock. 

The aim at MeerKAT is to keep 
the clocks accurate to within five 
nanoseconds. This, say scientists, 
will make it possible to discover new 
phenomena (some predicted, but other 
unknown). 

 It will perhaps even help them to 
explain the nature of pulsars, considered 
by some to be the Universe’s most 
accurate clocks.

The Jason -2 satellite allows for time transfer times in common view mode  
for most of the continental links.

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.



“Much has already 
been said about the 
large volumes of 
data that MeerKAT 
and (eventually) 
SKA will generate – 
more than the entire 
internet by 2020, 
some scientists 
have predicted.”

PROJECT UPDATE
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The MeerKAT telescope data processing requirements are going to push 
the technological envelope, so cutting-edge instruments will be needed. 
With that in mind, SKA SA 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 scientifi c 
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 repurposed it for scientifi c use, 
in the process pushing the boundaries of the technology to the 
extreme.

“The fundamental issue is that our network is not actually 
accessible to anyone outside of MeerKAT,” explains Francois Kapp, sub-
system manager at SKA Africa. “What makes it unique is the capability to 
multicast data to different instruments running at the 
same time.”

Much has already been said about the large volumes of data that 
MeerKAT and (eventually) SKA will generate – 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 high-performance computing facilities, 
observes Kapp.

“The amount of data that will be generated by the MeerKAT antennas is 
equivalent to more than fi ve million DVDs every day, or about 64 DVDs per 
second,” says Kapp. 

“This enormous amount of data requires high-bandwidth, 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.)

The switches and cables will help the SKA system meet those demands, 
 says Kapp. 

The technologies promise lower overall costs and power consumption, 
great effi ciency, 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.

MeerKAT gets 
switched on 
for sharing

internet by 2020, 
some scientists 
have predicted.”

he MeerKAT telescope data processing requirements are going to push 
the technological envelope, so cutting-edge instruments will be needed. 
With that in mind, SKA SA recently made some high-end acquisitions 
-SwitchX®-2-based SX1012 and SX1710 10/40 Gigabit 

These will be used to build MeerKAT’s high-capacity L3 
multicast network, which will allow data from the MeerKAT 

The MeerKAT digital signal processor team, spearheaded 
by architect Jason Manley, has repurposed it for scientifi c use, 
in the process pushing the boundaries of the technology to the 

“The fundamental issue is that our network is not actually 
accessible to anyone outside of MeerKAT,” explains Francois Kapp, sub-
system manager at SKA Africa. “What makes it unique is the capability to 

Much has already been said about the large volumes of data that 
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next 20 years to design road built for the future
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B
uilding the MeerKAT 
also demands the 
construction of supporting 
infrastructure. That includes 
roads, buildings, power 
generation and distribution, 

reticulation, vehicles, cranes and 
specialist equipment for maintenance.

Foremost among these demands has 
been upgrading the 80 km gravel road 
between the SKA site in Losberg and 
Carnarvon, the nearest town. The first 
upgrade was completed in 2008. 

The road has seen some heavy traffic 
over the past seven years. Maintaining 
the road has proven a challenge for the 
Northern Cape Department of Roads 
and Public Works (NCDRPW). 

SKA South Africa secured funding 
from the Department of Science and 
Technology (DST) for the upgrading of 
the gravel road to bitumen double seal 

road. The main contract was awarded to 
NMC Civils/NMC Joint Venture.

The design work for the upgrading 
of this road was completed in July 2015. 
Construction started in August 2015 and 
is expected to be completed by 2017.

The work which involves the design 
for and rehabilitation of the road, also 
involves the operating, maintaining 
and rehabilitation of a stone quarry in 
Carnarvon. 

This is in keeping with the conditions 
stipulated in the mining permit obtained 
by SKA South Africa. 

The identified scope of the road 
upgrade includes the excavation of the 
almost depleted gravel wearing course 
(the upper layer of the surface) and 
the improvement of the sub-base layer 
(below the wearing course) with material 
imported from the quarry.  

Some sections of the road will also 

require improvement of the selected 
layer (below the sub-base) with quality 
material from the quarry, while the 
top of fill is to be compacted to the 
specified density. The base layer and 
the stone for the double seal will be 
imported from the SKA quarry.

TRAFFIC VOLUMES 
Before they could start on the road, the 
contractors had to work out the amount 
of traffic the road is likely to see over 
the next 20 years. 

They based their estimates on 
traffic data provided by the NCDRPW 
and traffic data recorded at the SKA 
site complex so far. The contractors 
considered traffic for both phases of 
the SKA project (SKA Phase 1 and Phase 
2) and the general public traffic growth. 

SKA access road  
design completed



The work, which involves the design 
for and rehabilitation of the road, also 
involves the operating, maintaining 
and rehabilitation of a stone quarry 
in Carnarvon. 
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 PREPARATORY WORK
The preparatory work for the upgrade 
involved a number of items. Laboratory 
tests were run on centreline positions 
and potential materials, derived mainly 
from mudstone, calcrete and dolerite, as 
well as combinations of all three. 

GEOMETRIC DESIGN 
A topographic survey was done to check 
the existing fi nal levels of the road and 
to identify any other features that could 
affect the design and the construction 
of the road.  

No signifi cant changes will be made 
to the road’s existing horizontal and 
vertical alignments. Over the fi rst 65 km, 
the road will have a road width of 3.4 m, 
with a 0.3 m surfaced shoulder and a 
further 0.3 m gravel shoulder. 

The last 15 km – from the turn-off to 
the SKA site complex – of the road will 
have a lane width of 3.3 m, with a gravel 
shoulder of 0.3 m. It is envisaged that 
this narrower last 15 km – built narrow 

during the 2008 upgrade – will carry 
mostly SKA traffi c and very limited local 
traffi c.

Also, widening this section of the 
road would require borrow pits – that 
is digging elsewhere for materials for 
use on this section – which would be 
a very costly option. Approval of this 
modifi cation had to be obtained from 
the NCDRPW.

PAVEMENT DESIGN 
This is based on traffi c estimates, 
provided a pavement structure was 
determined. This will include the use of 
a double seal – a standard procedure in 
pavement construction – and a 150 mm 
base and 150 mm gravel subbase. 

STORMWATER DESIGN 
The stormwater system, especially 
those stretches of the road with large 
catchments, will require extensive 
infrastructure upgrades. 

Run-off volumes were determined 

using hydrological calculations, with 
the capacities of existing structures 
compared against these calculated run-
offs. 

OPERATION AT THE QUARRY
The operations at the stone quarry in 
Carnarvon, where the road construction 
materials will be sourced, started in June 
2015. 

These operations include drilling and 
blasting, crushing of the material to 
the required sizes, stockpiling, testing 
and transporting to the road sections 
intended for. 

Approximately 400 000 tonnes of 
material will be sourced from the quarry. 

COMPLETION
Upon completion of the project, the road
will be handed over to the NCDRPW, 
which will serve as the custodian of 
the road and provide for continued 
maintenance.

Aerial views of the quarry which will supply the base layer and the stone for the double seal of the new road. 
Around 400 000 tonnes of material will be sourced from here.
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GIS and building the SKA 
Geographic information systems are key tools in the 
planning and construction of the SKA SA.
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GIS for South Africa and other African countries was taken over two years ago by GIS 
specialist Tshegofatso Monama, who works at SKA South Africa’s Johannesburg o�  ce.

Placement criteria
As radio telescopes are extremely 
sensitive, radio quietness (and by 
extension radio interference measures) 
is the key criterion for their placement.

Radio interference creates noise 
that distorts the image made by the 
telescope, and requires a large amount 
of digital processing to remove – this on 
a system that already requires big data 
processing. Just as important is the fi eld 
of view of the telescopes. They have to 
be far away from hills and mountains 
as these might create ‘shadow’ areas or 
blind spots on the telescope dishes. 

Engineering and practical 
considerations have to be borne in mind, 
such as access to electricity and road 
networks, and geologically suitable 
terrain to anchor the heavy dishes. A 
balance has to be struck, as these can 
also cause radio interference.

Tropospheric conditions that affect 
observations, environmentally sensitive 
areas, existing and planned transmission 
lines, even other projects such as solar 
plants come into play. Despite the 
sparse population, there is also human 
activity to consider – be it farmhouses in 
the area or cars passing by on a nearby 
highway.

Of course, the terrain cannot be 
altered, and although some aspects 
can be manipulated/changed, others 
such as mountains had to be worked 
into the model. Among the existing 
infrastructure in the area that had to be 
mapped is the KAT-7 telescope array, an 
engineering prototype for MeerKAT, the 
64-dish telescope array. MeerKAT is a 
precursor to the SKA.

Since all the criteria have spatial 
elements, a geographic information 
system (GIS) was most suitable for 
the modelling. Its use extended far 
beyond determining site suitability, 
and will become part of the continuous 
execution of the project. 

GIS also makes it easy to defi ne 
buffer zones, measure land area and 
terrain profi les, and perform other 
important functions in a project of this 
magnitude and complexity, and will likely 
undergo constant change in the design 
phase.

Data
GIS was fi rst used for site 
characterisation. It was deployed in 
everything from radio propagation 
studies and climate data for fl ood risk 
analysis, to tracking tropospheric and 
atmospheric considerations, along with 
geological assessments and more.

After the site selection process, 
there was a ground truthing exercise to 
verify how radio-quiet the area really 
was. (Ground truthing is a verifi cation 
process in which, say, measurements 
from a satellite are compared with 
the same measurements taken on the 
ground.)

Initially, the entire SKA project’s GIS 
was based in South Africa. GIS for South 
Africa and other African countries is 
still done in South Africa, and was taken 
over two years ago by GIS specialist 
Tshegofatso Monama, who works at SKA 
SA’s Johannesburg offi ce. Other African 
countries hosting components of the 
telescope are Botswana, Ghana, Kenya, 
Madagascar, Mauritius, Mozambique, 
Namibia and Zambia.

Monama is currently using GIS for 
the site design. Preliminary design 
review has already been completed, and 
the project is now in the critical design 
review stage in which more detailed 

data are used, such as high-resolution 
topographical datasets.

The project draws on some 200 
datasets, including traffi c counts 
(affecting the interference and 
suppression distance), environmental 
impact assessments, soil and geological 
data, electricity grid and other Eskom 
data, digital elevation models (DEM) 
(with accuracies between 30 cm and 
100 m), Statistics SA data, telecoms 
data, and cadastral and deeds. There is 
a high-resolution DEM available of the 
core area and of a berm built to protect 
an area near the Karoo Processing 
Building (KAPB).

The high-resolution DEM can be 
used to evaluate the impact that the 
construction of MeerKAT has on the area 
in terms of altering run-off patterns, 
and to evaluate the protection the berm 
provides to MeerKAT in terms of radio 
interference from the KAPB. Limited 
GIS data is also available for African 
partner countries.

Processing and workfl ow
Besides the application of radio 
propagation modelling software and 
linking it with GIS, Monama also had 
to master IAnt Confi g software. This 
in-house astronomy software models 

GIS makes it easy to defi ne bu er zones, 
measure land area and terrain profi les, and 
perform other important functions in a 
project of this magnitude and complexity, 
and will likely undergo constant change in 
the design phase.
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the night sky from specifi ed points 
on Earth, and is used to simulate SKA 
performance.

The GIS work is predominantly done
in Esri and QGIS software but also 

relies heavily on the radio propagation 
modelling conducted in RadioMobile.

Since RadioMobile is not linked 
to GIS software, data exchanges 
between the two are handled in (.csv) 
spreadsheet format.

Terrain, distance and obstacles 
(especially mountains) all have 
predictable impacts on radio 
propagation. The x and y data from these 
predictions were turned into raster data 
– ie, represented in grids – in the GIS, 
and queries were run on the points.

The propagation data is overlaid with 
stations data and visualised with a heat 
map, and then modelled for different 
transmission models (eg different 
frequencies and strengths).

Interference sources were each 
modelled in their own layer with buffer 
zones for the propagation variables. 
Together this was used to create a 
propagation model to determine the 
interference impact on stations and 
the spread of the propagation, and to 
compare it to the project thresholds. 
Different telescope stations have 
different thresholds, with the core 
stations being the most sensitive and 
requiring the most radio-quiet, while 
stations toward the outside of the spiral 
arms can withstand more interference.
Expanding outputs

The con� guration of telescope sites across Africa, with its core in the Northern Cape (top) 
with core infrastructure modelled in the GIS to determine best locations for cables, 
connection points and more (above).

*This edited article has been republished with the permission of PositionIT  
where it fi rst appeared (www.ee.co.za/article/gis-constructing-ska.html).

GIS has not only fulfi lled its planned 
role as a crucial decision-making tool 
for various divisions, but great value 
has also been derived from unexpected 
benefi ts along the way, which was 
realised through the use of GIS.

Recognising these benefi ts, Monama 
was afforded time to experiment with 
other such value-adding products, one 
of these being a spatial costing model 

Di� erent telescope 
stations have di� erent 
RFI thresholds, with 
the core stations being 
the most sensitive and 
requiring the most 
radio-quietness, while 
stations toward the 
outside of the spiral 
arms can withstand 
more interference.

for the infrastructure division. With 
land profi les and known positions of the 
telescope dishes and roads, anything 
from fencing costs to cable costs can 
be calculated accurately and fast. The 
variety and quality of the data, often 
verifi ed independently by the SKA, has 
certainly unlocked many potential uses 
thereof.
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M
eerKAT walked away 
with top honours in the 
2015 Steel Awards, for 
excellence in the use of 
structural steel in the 

design and building of its antenna. The 
project won in the Tubular Category and 
was also named the Overall Winner.

These awards, from the  Southern 
African Institute of Steel Construction 
(SAISC), recognise the consortium of 
contractors appointed to design and 
construct the 64 dishes of the MeerKAT 
Radio Telescope. 

The consortium includes Stratosat 
Datacom (Pty) Ltd with technical 
support from General Dynamics Satcom 
Technologies (USA), and Tricom, which 
is the manufacturing partner for the 
Backup Structure (BUS) of MeerKAT.

What the judges said
Awards convenor for SAISC, Spencer 
Erling, said the quality of the entries 
easily matched the outstanding quality 
of previous years. 

“We are going through very tough 
times in the steel construction industry 
yet, in spite of this, we are able to 
produce world class work, an indication 
that the future is bright.”

The judges said the project “radiates 
excellence not only in the use of 
structural steel but in every aspect of its 
structure and purpose.”

Each receptor consists of three main 
components. The antenna positioner is a 
steerable reflector on a pedestal.

The judges thought the positioner 
was a superb use of steelwork. There 
is also a set of radio receivers and 
associated digitisers.

The antenna positioner allows for a 
vertical (tilt) range of 15° to 88°, and an 
azimuth range of 360° to an accuracy of 
within 1.4 thousandths of a degree under 
optimal conditions and 7 thousandths 
of a degree during normal operational 
conditions. 

That was a degree of accuracy that 
“is hard to grasp for structural engineers 
given the fact that we normally work to 
the nearest two millimetres”, they said.

The largely tubular antenna support 
structure was built with zero tolerance 

MeerKAT contractor  
snaps up Steel Awards
Project team honoured for world class 
work in use of structural steel

THE OVERALL WINNERS: (front, from left) Jannie Gloy (Project Manager, Sales Executive, 
Tricom), Fernando Goncalves (Production Manager, Tricom), Chuck McCasland (Subcon-
tracts Program Manager General Dynamics). (Back, from left) Udo Topka (Technical Di-
rector, Tricom), Graham Hartley (E�cient Engineering), David van Staden (Robor Head of 
Sales, Project Nominator), Doug Davey (Design Engineer, Tricom), Herkie Auckamp (Aveng 
Trident, Main Event Sponsor), Spencer Erling (Executive Director, SAISC), and Johnny 
Venter (Chairman, SAISC).

targets. “The engineering, detailing, jig 
fabrication and construction move these 
structures into a different league from 
your run-of-the-mill tubular truss type 
project. 

“The accuracy of dimensions after 
erection is critical to give the radio 
telescope maximum chance of achieving 
its unimaginable expected accuracy,” 
noted the judges.

This type of structure is the perfect 
application for the use of circular hollow 
sections. Careful detailing enables the 
centre of gravity lines of the elements 
to meet in a common centroid. In some 
connections there are as many as 11 
framing members. 

The pedestal fabrication is largely 
out of plate and the interface between 
the pedestal and yokes of the support 
structure are line bored. Pedestals are 
erected before the antenna framework. 
The frame is offloaded and erected 
directly from truck to pedestals.

“A scientific project of this nature 
that taxes the skills of South African 
engineers and scientists to rise above 
the challenges and make it work, 
represents excellence in every way,  

Project Team
Client / Developer: SKA South 
Africa
Main Contractor / Project 
Manager: General Dynamic 
SATCOM technologies
Structural Engineer: General 
Dynamics SATCOM Technologies, 
Vertex Antennas (Germany)
Steelwork Contractors: Tricom 
Structures
BUS structure: Tricom 
Structures  
(a subsidiary of Robor)
Pedestal: Efficient Engineering
Structural Steel Detailer / 
Detailing 
Company: Tricom Structures  
(a subsidiary of Robor)
Painting: Joesa Painting

but it is especially a triumph in the use of 
steel work and is truly deserving of being 
the Overall Winner of the 2015 Steel 
Awards,” the judges concluded.



How to cool a super-computer 
in a semi-desert environment

The Square 
Kilometre Array 
South Africa has 
devised a green 

solution to cooling 
its supercomputer
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The � rst environmental prototype of the oil submersion technique (above) 
and an example of the computer node (below).

C
omputers generate a 
lot of heat, so sticking 
a supercomputer in the 
middle of a semi-desert 
in the Upper Karoo is 
cause for a few technical 

headaches.
The computing specialists on the 

Square Kilometre Array South Africa 
project quickly got over theirs. They’ve 
developed a ruggedised, eco-friendly 
supercomputing solution that combines 
a number of cutting edge techniques.

One of these is oil immersion cooling. 
Although a relatively fringe technology, 
oil immersion cooling has been around in 
one form or another for some time; even 
Facebook tested it on their servers not 
too long ago. 

As the name suggests, it involves 
immersing components or even entire 
servers in suitable dielectric oils, that is 
oils that can transfer heat but don’t give 
off an electric charge, the way water 
would. (That way, nothing gets ‘fried’.)

The idea to use oil cooling on the 
supercomputer that processes images 
from MeerKAT was driven by both 
necessity and innovation, explains 

Simon Ratcliffe, technical lead for 
scientifi c computing at SKA SA.

“Our remote location is central to 
achieving good science, but it means 
that power and data centre space come 
at a signifi cant premium,” says Ratcliffe. 

For the second part of its cooling 
solution – while also saving on space 
– SKA decided that it wanted to take 
its cue from the advances coming out 
of cell phone and tablet technologies. 
Chip devices such as the Tegra X1 ‘super 
chip’ from Nvidia, for example, have 
introduced signifi cant improvements in 
power-effi cient performance. These new 
chips are capable of a growing number 

of fl oating point operations per watt of 
input power. Ergo, it can do a lot more on 
a lot less power.

“Instead of building racks of 
large, power-hungry servers, we are 
developing thousands of tiny nodes that 
form a highly parallel supercomputer,” 
explains Ratcliffe.

The process involves constructing 
sealed, ruggedised boxes, each 
containing several hundred nodes, 
together with solid-state storage (no 
moving parts) and networking devices. 
The boxes are fi lled with several 
hundred litres of oil. All the computer 
nodes are connected to the outside 
world via a 40Gb fi bre cable. Heat from 
the oil is exchanged through a solid 
copper tube to a closed, circulating 
ground loop inside a 15 m deep borehole. 
As a result, the ground itself serves as 
a massive ‘heat sink’ that absorbs the 
heat. 

“The oil is actually a food grade 
substance and thus totally safe to use 
and store,” says Ratcliffe. 

The technique has another benefi t 
beyond just cooling the supercomputer.
Because the boxes are very well 
shielded, they emit very little radio 
frequency interference that would 
otherwise contaminate the Karoo site, 
and perhaps render the telescope blind.
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The digitiser will be housed in a special box (top). 
Luzuku Sofeya, Senior Production Engineer and Simon 
Norval, former Radio Frequency Interference manager  
at SKA SA, make adjustments to the digitiser (below).

L
ike a most parts on the MeerKAT telescope, the 
digitiser has to weather some harsh conditions, 
including temperatures that dip from a searing  
45 degrees Celsius to a nippy 5 degrees Celsius, high 
solar radiation, and dust and rain.

So naturally developers have been painstaking at 
developing this element. 

This is because the digitisers perform the critical task of 
converting incoming data from the antennas – the signals land 
in the form of analogue radio waves – to a digital format that 
can be processed by computers and electronic circuits known 
as field programmable gate arrays (FPGAs).

The process to develop four digitisers started in 2011. 
The first digitiser was installed in 2014. Each of the digitisers 
is earmarked for a specific frequency, namely one of the four 
frequencies planned for MeerKAT. These are the L-band system 
(already running), the UHF-band, the S-band, and finally the 
X-band system. 

During the first phase of the MeerKAT project schedule, only 
the L-band capability was developed. 

The UHF-band and X-band are being developed as part of the 
next phase of MeerKAT. 

The S-band system is being developed in collaboration 
with the Max Planck Institute for Radio Astronomy (MPIfR) in 
Germany, which has invested in the MeerKAT project.

The conversion takes place right at the feed – so the 
digitiser sits right next to the dish. This cuts out the need 
for what is known as a down-conversion of the signals to 
intermediate frequencies (IF). 

“The result of this architecture decision is that the digitisers 
are physically located on the indexer of the antenna, which 
results in the digitiser being exposed to the full environmental 
conditions on the Karoo site,” reiterates Sias Malan, digitiser 
manager at SKA SA.

But that decision also comes with design difficulties. For 
one, the digitiser has to block out extreme radio frequency 
interference because it is located so close – within one metre – 
to the sensitive RF receivers.

Strict systems engineering processes were followed during 
the five-phase development cycle of the digitiser – concept 
exploration phase, preliminary design phase, detailed design 
phase, industrialisation phase, and full-scale production phase. 

While one has already been installed, full-scale production of 
the L-band digitiser started in August 2015. 

The concept exploration phase for UHF-band kicked off in 
August 2015 and is expected to be concluded in October 2015. 

“This process is expected to be completed speedily due to 
similarities between the L- and UHF-band systems,” says Malan.

Digitiser:  
Technical overview and update

Having recently entered its full production phase, the 
digitisers on the MeerKAT telescope have come a long 

way since the first concept was tabled way back in 2011. 

A view inside the digitiser
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Women in science            @ SKA South Africa 
In August 

South Africa 
celebrated 

Women’s Month. 
At SKA South 

Africa, women 
are involved in 

groundbreaking 
science work 
pivotal to the 

success of the 
project. We 

asked two of 
them, Lerato 

Sebokolodi and 
Tracy Cheetham, 

to tell us about 
their work and 

themselves. 

LERATO 
SEBOKOLODI
Bursary student
at SKA SA

Lerato Sebokolodi hails from 
Mahikeng in the North West 

province. She recently received 
an award from the South African 

Institute of Physics (SAIP) for her   
 poster presentation at the annual SAIP 

conference. 

Tell us about your studies
I completed my fi rst degree at North West University (Mafi keng Campus) in 2012, 
majoring in physics and mathematics. I received a Hexagon Trust bursary in my 
fi rst year (2010). I then completed an honours degree in astrophysics and space 
science in 2014. I’m currently doing my master’s studies in radio techniques and 
technology at Rhodes University, thanks to a bursary from SKA South Africa.

What’s the nature of the work that you are doing?
I recently joined the Radio Astronomy Techniques and Technology (RATT) group 
at Rhodes University. The key motivation for this is the direct impact that I will 
have in the preparation for the SKA project. 

My work is mainly about making a distinction between astrophysical 
sources and emissions induced by methods used to correct instrumental and 
atmospheric errors. This is of importance to the future astronomical surveys 
such as LADUMA, MIGHTY and PINGO. The problem is that new instruments 
such as JVLA, LOFAR and SKA, among others, are very sensitive. As a result, fake 
emissions are being introduced in the fi nal images, and these fake emissions 
are misidentifi ed as true sources by the algorithms. My work is to implement an 
algorithm which will avoid this from taking place.

What do you consider your biggest achievements to date? 
I am very proud of graduating cum laude in both of my degrees. My most recent 
achievement is winning the SAIP poster award. Another personal achievement is 
being where I am and doing what I’m doing.

How are you involved in SKA SA? 
The research I am doing at Rhodes on radio techniques and technology is directly 
related to the preparation for the SKA. My focus is more on the software-related 
problems such as automating calibration pipelines, identifi cation of sources that 
require direction dependent effects, and source-artefact discrimination. Other 
projects that I am involved with as part of the RATT team are imaging, intensity 
mapping and looking at how the beam affects the sources farther from the phase 
centre (known as beam smearing). The expected outcome of these projects is 
to get rid of manual processes, which are not ideal on a project of the scale of 
the SKA and the vast amount of data that are expected. We are also working on 
creating tools that are fast, robust and reliable. I am certain that if we manage all 
this, the SKA will be able to achieve its full scientifi c potential.
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TRACY CHEETHAM
SKA SA Architect/
Project Manager

How long have you been 
working in science and 
engineering?
I started working at SKA South Africa 
from 2007, but have been in the 
engineering and construction fi eld in 
South Africa since 1997. 

What is your role at SKA?
I am the general manager for 
infrastructure and site operations, as 
well as the consortium leader for the 
SKA INFRA SA Consortium. As general 
manager, my responsibilities include the 
design, construction, operations and 
maintenance of the infrastructure and 
power for the Karoo Radio Astronomy 
Observatory, which includes the SKA 
pathfi nder, MeerKAT. The SKA INFRA 
SA Consortium, of course, is responsible 
for the design of the infrastructure and 
power for the SKA1-mid telescope, and I 
lead that consortium. 

What do you think is really 
exciting and inspiring in 
the SKA project?
The SKA will be the world’s biggest 
telescope and one of the biggest 
scientifi c projects to be constructed in 
Africa and Australia. The scale of the 
SKA represents a huge leap forward 
in both engineering and research and 
development. The most important 
spin-off will be the generation of new 

knowledge and knowledge workers – 
young scientists and engineers with 
cutting edge skills and expertise in a 
wide range of scarce and innovative 
fi elds. This will allow Africa to be a 
signifi cant contributor to the global 
knowledge economy. 

What do you enjoy most 
about your work?
Working and interacting with a broad 
spectrum of people both locally and 
across the world. It is also rewarding 
to see the local socio-economic 
benefi ts being realised in the Karoo 
through the implementation of contract 
participation goals and local outreach 
initiatives in communities surrounding 
the SKA site. I love going to the Karoo 
and seeing the progress that the SKA SA 
team has achieved since 2008.   

Where did you study? 
A obtained my bachelor’s degree in 
architecture from the Nelson Mandela 
Metropolitan University. I then obtained 
a scholarship for a master’s degree in 
environmental engineering at the Royal 
Institute of Technology in Stockholm, 
Sweden, which I completed in 2001.

What inspired you to 
become an architect?
The obvious choice was to follow in my 
musician Mom and Gran’s footsteps 
and study music. In Grade 11, however, 
my interest was drawn towards 
architecture, as I wanted to understand 
how buildings are planned in relation to 
the surrounding environment and how 
they are constructed. When I researched 
architecture, it became clear to me how 
exciting and challenging the engineering 
fi eld could be.

Did you have to face any 
diffi culties as a woman 
studying in a science, 
technology, engineering, and 
mathematics (STEM) fi eld?
The engineering and construction 
industry in South Africa is still a male-
dominated industry. However, I have 
never really faced any real challenges 
as a woman in the fi eld. Regardless 
of gender, it is important that mutual 

respect is established through 
knowledge, confi dence, experience and 
performance which has always stood me 
in good stead in my work. 

What message would 
you have for young girls 
interested in STEM subjects?
STEM is one of the most diverse and 
exciting fi elds to work in as a woman, 
where new and innovative engineering 
and technology solutions are constantly 
being sought.  I would really encourage 
young girls to explore the wonderful 
opportunities available in this fi eld; link 
up with other women role models in the 
fi eld and ask lots of questions! 

 

Women in science            @ SKA South Africa 

“The most 
important spin-
o�  will be the 
generation of 
new knowledge 
and knowledge 
workers – young 
scientists and 
engineers with 
cutting edge skills 
and expertise 
in a wide range 
of scarce and 
innovative fi elds,” 
says Cheetham.
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T
here is a good reason why 
the Square Kilometre Array 
South Africa Human Capacity 
Development Programme (SKA 
SA HCD) was launched well 

before the country was even awarded the 
project - creating the skills to construct, 
use and maintain what will be the world’s 
largest radio telescope is an astronomi-
cal project itself. 

Over the past decade the HCD 
Programme has more than lived up to 
its mandate. Established in 2005, the pro-
gramme was devised to provide support 
at all academic levels, to ensure a contin-
uous throughput of young people moving 
into relevant studies and research, and to 
put in place the required supervisory and 
teaching capacity to support students. 

“We started the HCD programme in 
2005 just after we started with the bid 
for SKA. At  the time the rationale was 
that there were probably less than ten 
radio astronomers in Southern Africa, 
and if we wanted to present a competi-
tive bid, be involved in the design of the 
instruments and use it once it was built, 
we needed to build our own expertise in 
South Africa and the rest of Africa. The 
first intake were nine students and now 
we take in more than 90 students per 
year,” says Kim de Boer, General Manager: 
SKA SA HCD Programme. 

The programme itself consists of a 

research capacity programme, a site 
capacity programme, a schools and 
outreach programme; and a strategic 
partnerships programme. 

Over the past decade, the pro-
gramme’s substantial grants initiative 
has awarded more than 721 grants, begin-
ning with just nine in 2005. A total of 115 
grants were awarded in 2015 alone. 

The grants cover over 25 South 
African and African tertiary education 
institutions. 419 grants were given to 
students and researchers in physics, 
astrophysics and astronomy, and 302 to 
those in engineering.

South Africans received 535 of the 
grants, while 133 went to other Afri-
can nationals and 53 were awarded to 
non-African nationals. 

The National Research Foundation 
(NRF) Astronomy Cluster report, as part 
of the NRF Institutional Review 2015, 
notes that the SKA SA HCD Programme 
is a major success and has had a signifi-
cant impact especially over the last five 
years. 

“The HCD Programme is a focused 
and coherently managed project through 
all levels of education aimed at provid-
ing both astronomy professionals but 
also appropriately trained artisans who 
contribute to transformation and eco-
nomic impact in astronomy and related 
industries,” notes the report. 

SKA SA Human Capital Development 
programme celebrates 10 years 

grants
awarded
over the 
Past decade

the grants 
cover 25 
south african 
& african  
tertiary  
institutions

721

535 grants

more than

133 grants

53 grants

received by 
south africans

went to other 
african nationals

went to other 
non- african  
nationals

The delegates at the 2015 SKA SA Postgraduate Bursary Conference.

A substantial grants initiative by SKA South Africa has  
seen a continuous throughput of young people in  
relevant study areas at all academic levels.

SKA PeoPle 



Assembly
Integration

and Verification
Consortium

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 located in South 
Africa and SKA1 LOW 

located in Australia. 
SKA1 MID will consist 
of approximately 133 
SKA1 MID Dishes, plus 
a further 64 MeerKAT 
Precursor Dishes. The 
AIV work package 
therefore includes the 
planning for integrating 
the MeerKAT Precursor 
into the SKA1 MID 
Telescope. SKA1 LOW 
will consist of 512 SKA1 
LOW Stations, which 
will include a total of 
approximately 125,000 
individual low-frequency 
antennas.

MeerKAT 
Integration 

into SKA1 MID
The integration of the 

MeerKAT Precursor into 
SKA1 MID is currently 
planned towards the 

end of the Construction 
Phase, after MeerKAT has 

been operational for a 
number of years.

The Assembly, Integration and Verification (AIV) work package  
presents one of nine key elements that will make up the SKA1 Telescope.

The Telescope Roll-Out Plan 
needs to consider the sequencing 
of implemented functionality, 
based on a prioritisation of 
requirements and risk mitigation. 
A staged roll-out process includes 
Array Releases, where each Array 

Release is defined by a defined 
set of functionality. The Roll-Out 
Plan therefore provides guidance 
to other SKA1 Elements regarding 
the functionality of delivered 
SKA1 products on site, at a 
specified time.

Roll-Out Plan Integration and 
Verification Plan

Verification 
Requirements

MeerKAT Precursor

Number of SKA1 Dishes / Stations deployed

Array 
Release 1

Array 
Release 2

Array 
Release 3

Array 
Release 4 
Precursor 
integrated

Full 
Handover to 
Operations 

SKA1

Back-End Functionality (CSP, TM, SDP)

Early Science

Science Verification
Full Science

Full Operational 
Support

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.

System 
Requirements

• Hosting 
Agreements

• Telescope 
Verification Plans

• Early-Science 
Plans

• Commissioning 
Plans

• SKAO Input
• Consortia Input

• SKAO 
Input

• Consortia 
Input

Contains:
• Integration Events
• Verification Events
• Resources 

 

}
}

Roll-
Out 
Plan

}
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SKA SA 
performs 
in house 

production of 
the Digitiser.

The Digitiser is the sub-system 
of the MeerKAT telescope which 
is responsible for converting 
the signals received from outer 
space into a digital format 
that can be manipulated by 
digital processing platforms 
such as computers and Field 
Programmable Gate Arrays 
(FPGAs). Direct sampling of the 
signals at the feed is performed 
since there is no down-
conversion of the signals to 

Intermediate Frequencies (IF).  
The Digitisers are physically 
located on the indexer of 
the antenna which results in 
the Digitiser being exposed 
to all of the environmental 
conditions on the Karoo site. 
It also demands extreme radio 
frequency interference (RFI) 
requirements since the Digitiser 
is located within one metre of 
the sensitive radio frequency 
(RF) receivers.

MeerKAT 
Digitiser

Overview

Detail design
The Digitiser consists of four main modules:

Production

1 2 3 4
Radio Frequency 

Conditioning Unit (RFCU). 
This module receives 

the RF signal from the 
Receiver and amplifi es 
it to the correct levels 

as required by the ADC 
(Analogue to Digital 

Converter). Performs anti-
aliasing fi ltering of the 

incoming signal based on 
requirements for second 
Nyquist band sampling.  

Sampler module. 
Performs analogue to 

digital conversion using 
a 10 bit monolithic ADC 

from e2V at a rate of 
1712Msps for L-band while 

sampling the second 
Nyquist zone. 

D-engine module. This 
module packetises the 
raw ADC data on four 
10 gigabit fi bre optic 

Ethernet interfaces. The 
output data rate of the 

Digitiser is approximately 
34.2 gigabits per second. 

Sample Clock Generator 
(SCG) module. This 

module is responsible 
for generating the 

sample clock required 
by the ADCs as well as a 
highly accurate precision 

synchronisation pulse. 




