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A global endeavour to explore the hidden universe
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On an unprecedented scientific scale across
two continents, the SKA will revolutionise
our understanding of the Universe.

The Square Kilometre Array
Innovation in cutting-edge technology to explore the Universe
Our Universe contains many unknowns. Humanity,
throughout all of recorded history has wanted to
unlock the secrets of the Universe. Now at the
start of the 21st century, a new global scientific
undertaking will help uncover the mysteries of
the Universe, in a way never before achieved.
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Did you know?
The SKA will contain a vast
quantity of different types
of radio telescopes with a
combined collecting area of
about one square kilometre.
That’s 140 soccer pitches!

South Africa

Australia

As one of the largest scientific endeavours in
history, the SKA has been bringing together a
wealth of the world’s finest scientists, engineers
and policy makers to bring the project to fruition.

The Square Kilometre Array (SKA) project is an
international effort to build the world’s largest
radio telescope, with a square kilometre (one
million square metres) of collecting area.

The SKA will not be one large single radio
telescope, but will use vast numbers of
antennas enabling astronomers to monitor
the sky in unprecedented detail, and survey
the entire sky thousands of times faster
than any system currently in existence.

The scale of the SKA represents a huge leap
forward in engineering, telescope design and
research & development towards building
and delivering a unique instrument. With
detailed design and preparation well under
way, SKA Organisation is moving towards
starting early science operations with a
portion of the telescope in early 2020s.

The SKA telescope will be co-located in
Africa and in Australia. South Africa’s Karoo
desert will cover the core of the high and mid
frequencies of the radio spectrum and will see
hundreds of radio dishes spread all over the
continent, whilst Australia’s Murchison region,
with several hundred thousand antennas
that will cover the low frequency range.
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Introduction

Thanks to its size, the SKA will see
smaller details, making radio images
less blurry, just like reading glasses help
distinguish smaller letters.

The SKA – A revolution in astronomy
As building the SKA as a single telescope one
kilometre across in size would be technically
impossible with modern technology, it will utilise a
huge number of individual antennas to attain its goal
of matching the performance of a single instrument
one square kilometre in size. This technique,
called interferometry and pioneered in the last
century, is used widely in radio and more recently
in optical astronomy, to increase the resolution of
objects that can be imaged by the instruments.
Two antenna types: dishes and low frequency
aperture array antennas, will initially be
used to provide continuous frequency
coverage from 50 MHz to 14 GHz.
To achieve both high sensitivity and high resolution
images of the sky the antennas will be densely
distributed in the central regions and then positioned
in clusters along spiral arms becoming more
widely spaced further away from the centre.
With an instrument of this size, sensitivity and
capability, astronomers around the world will have
access to a radio telescope on a scale orders of
magnitude greater than any previously built.
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WITH CURRENT RADIO TELESCOPES

FOCUS ON RESOLUTION:
a radio telescope with a larger
physical size produces higher
resolution (sharper) images than
a small one. By combining the
signals from an array of individual
antennas astronomers can achieve
a resolution that is equivalent
to that of a hypothetical single
antenna of a size equivalent to
that of the largest separation
between the antennas in
the array (the baseline).
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Radio sky
Fundamental to the SKA, many individuals may ask “What is
radio astronomy?” or “How can you “hear” the sky?” People
are used to the stunning visual images taken by telescopes like
the Hubble Space Telescope (HST) or the great telescopes in
Hawaii or Chile, so what will a radio telescope add to the field of
scientific discovery?
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Discoveries such as the Cosmic Microwave Background (CMB),
Pulsars and the technique of Interferometry, have garnered
radio astronomers with Nobel Prizes in physics, and the SKA
will doubtless carry on this tradition of cutting edge innovative
scientific discovery. Astronomers are developing a range of
giant optical, infrared, ground and space based telescopes,
and the SKA will augment these perfectly.

SURVEY SPEED
Thanks to its sensitivity and ability to see a
larger area of the sky at once, the SKA will
be able to observe more of the sky in a
given time and so map the sky faster.
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SENSITIVITY
Thanks to its many antennas, the SKA
will see fainter details, like a
long-exposure photograph at night
reveals details the eye can't see.

Astronomers assess a telescope’s performance by looking at three factors - resolution, sensitivity, and
survey speed. With its sheer size and large number of antennas, the SKA will provide a giant leap in all
three compared to existing radio telescopes, enabling it to revolutionise our understanding of the Universe.
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WITH CURRENT RADIO TELESCOPES

FOCUS ON SENSITIVITY:
for a given observing frequency,
measurement bandwidth and
duration of observation, the
sensitivity of a radio telescope can
be increased in only two ways: by
improving the efficiency with which
the focused radiation is detected,
or by increasing the collecting
area of the telescope. In recent
years, technological advances
have led to detection efficiencies
that are near the absolute
theoretical limits. Astronomers
can therefore increase sensitivity
only by building larger telescopes,
or combining ever-greater
numbers of such telescopes in
interferometric mode (like the
SKA) to effectively increase the
collecting area of the telescope.

With the SKA development now powering forwards, fundamental
shifts in science driven technology on a scale comparable to large
space programmes will need to be made, in the areas of data
transport, high performance computing and algorithm design.

Low- and mid-frequency aperture arrays, which will use innovative
software and algorithms to “steer” themselves across the sky, will have
no physical moving parts, but will be able to survey and see multiple
regions of sky at the same time. (Credit: M. Kramer)

The galaxies M81 and M82 seen in visible
light (above top) and radio frequency (above).
Only the radio observations reveal the
interaction between the two galaxies in the
form of a gigantic stream of gas.
(Credit: KNPO, NRAO)

The sky seen at optical wavelengths (left), at a radio frequency of 408
MHz (middle) and at the frequency of emission of neutral hydrogen, 1,420
MHz (right). (Credit: Axel Mellinger/NASA SkyView, G. Haslam/MPIfR, J.
Dickey/NASA SkyView)
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The SKA world map
Whilst 10 member countries are the core of the SKA, around 100 organisations
across about 18 countries have been participating in the design and development
of the SKA and are now engaged in the detailed design of the telescope. Members
of SKA Organisation are Australia, Canada, China, India, Italy, the Netherlands, New
Zealand, the Republic of South Africa, Sweden and the United Kingdom.

The SKA project

THE SKA PROJECT TIMELINE

P

1991:
Concept

2012:
Site
Selection
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2008-12:
Telescope
System
Design

2011:
Establish SKA
Organisation
as a Legal
Entity

SKA Organisation is co-ordinating the global science and
engineering activities for the world’s largest radio telescope
The entire project is led by SKA Organisation, based at the world famous Jodrell Bank site, in the UK, in the
shadow of the 76m Lovell radio telescope, which played an important part in the dawn of the space age.
SKA Organisation formalises relationships between the international partners and centralises the leadership
of the project. Ten countries are currently members of SKA Organisation (see map on left page) and further
countries have expressed their interest in joining SKA Organisation in the coming months and years. Whilst
the current structure is perfectly adequate for the design phase of the project, formal negotiations have
started to develop the long-term governance structure and establish SKA Observatory as a treaty or
Inter-Governmental Organisation (IGO).
The SKA will:

n Photos of the SKA Organisation Headquarters

Full members

Full
members
SKA
Headquarters host country
SKA headquarters host country

SKA Phase 1 and Phase 2 host countries

African partner countries
(non-member
SKA
Phase 2countries
host countries)
African
partner

(non-member SKA Phase
2 host countries)

SKA Phase 1 and Phase 2 host countries
This map is intended for reference only and is not meant to represent legal borders
This map is intended for reference only and is not meant to represent legal borders

2013:
Request for
Proposals

2013:
Design
Consortia
Start

2018-23:
SKA1
Construction

2016:
Prototype
Systems
Deployed

2018
Establish SKA
Observatory
as IGO

2018-21:
Detailed
Design of
SKA2

Be the largest and most sensitive radio telescope in the world.
Revolutionise our understanding of the Universe and the laws of fundamental physics.
	Be built in radio-quiet locations in Australia and Africa, in some of the most sparsely populated regions on earth.
	Have tens of times the sensitivity and thousands of times the survey speed of current imaging instruments.
Have a life span of at least 50 years.
Be continuously upgradable as computing power increases.
	Use revolutionary new receiver technology, signal transport mechanisms, signal processing techniques
and computer processing power on a larger scale than any in existence.

2020+:
SKA1 Early
Science

2023-30:
SKA2
Construction

P

As the SKA will be an aperture synthesis instrument,
comprising many independent receiving elements, exciting
science will be achievable before the full array is complete.
Initial science results are expected in early 2020s.
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The SKA will revolutionise our
understanding of the Universe and
the laws of fundamental physics.

Transformational science
The unprecedented sensitivity of vast numbers of
individual antennas, combining to create the world’s
largest radio telescope, will give astronomers insight
into: the formation and evolution of the first stars
and galaxies after the Big Bang; the role of cosmic
magnetism; the nature of gravity, aiming to challenge
one of the greatest minds in history; and, one of
humankind's ultimate questions, whether there is life
beyond our earth. If history is any guide, the SKA will
make even more discoveries than we can imagine today.

GH
Z

50 M
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The main scientific goals for the SKA have been broken
down into several categories, each of which has its
own working group, an international team consisting of
some of the world’s finest scientists, whose focus is on
these fundamental areas of research (find more details
about these working groups on the SKA website).

Cosmic
Magnetism

Fast Radio
Bursts

1 GHZ

Whilst these projects will aim to address some of
the most important scientific questions of our time,
scientists cannot foresee the unexpected discoveries
that the SKA will also make, which is what makes
this project fundamentally one of the most exciting in
astronomy ever conceived.

100
M
HZ

Gravitational
Cradle Cosm
Waves
ic Dawn
of Life & Reio
nisation
Pulsars &
Gravitation
Cosmology &
Galaxy Evolutio
n

Credits and acknowledgements: Djorgovski et al, (Caltech) (EoR image);
Casey Reed (Pulsar image); NASA/JPL-Caltech/SSC (Galaxy evolution
image-NGC 3190 Field); NASA/Stanford-Lockheed Institute for Space
Research’s TRACE Team (Cosmic Magnetism image-Sun’s Corona);
NASA/JPL-Caltech (Cradle of life image)

Comparison of current radio observations (top) and a
simulation of SKA observations (bottom) showing the greatly
increased number of faint galaxies expected in observations
of the continuum radio sky. (Credit: C. Jackson/CSIRO)

What is clear is that our understanding of the Universe
and its most basic physical laws will be transformed
by the SKA. One of the design goals is therefore to
maximise the SKA’s ability to explore the unknown.

SKA will address a number of fascinating questions to
help us better understand our Universe:

How do you make a planet from
space pebbles?
Are we alone in the Universe?
Was Einstein right about gravity?
Are we surfing on gravitational waves ?
How did the Universe become magnetic?
What is dark energy?
What is the source of fast and furious
bursts of radio waves?
How and when did the first stars,
galaxies and black holes form?
And many others...
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A voyage into the unknown

Science with the SKA

Can we predict everything in the Universe on the basis of what we know
now? What else will we discover when exploring the cosmic frontier?
1

2

3

1. The Cradle of Life
The aim of this is twofold: to understand how the small
pebbles in the disk surrounding a young star are able
to stick together to form the boulders that ultimately
coalesce into planets; and to see whether it is possible
to detect, if any, the presence of technologically active
civilisations elsewhere in our Galaxy.

2. Challenging Einstein:
Gravitational Waves
This topic will endeavour to measure long period
Gravitational Waves (those of months to years duration)
by making use of our entire Galaxy as a detector. The
SKA will be used to measure accurately the signals from
very rapidly spinning neutron stars with pairs of radio
beams emanating from their poles, known as millisecond
period pulsars, that would serve as a system of high
precision clocks.

3. Cosmic Magnetism
Magnetic fields play an important role throughout the
Universe on scales as small as centimetres and as large
as a billion light years; and magnetism may well play

4

5

6

a key role in regulating a whole range of astronomical
processes. The aim of this topic is to address the
challenge of explaining how and when magnetic fields
arose to achieve their current strength.

4. Galaxy Evolution
The SKA will give us a front row seat to witness galaxy
evolution, as traced by the accumulation and utilisation
of atomic Hydrogen, throughout cosmic time. It will have
the raw sensitivity to study the Hydrogen concentrations
that are associated with galaxies even in the distant,
early Universe.

5. The Bursting Sky
We believe that about 70% of all normal matter in the
Universe today is in the form of plasma, but we only
have direct measurements of about 10%. The study of
Fast Radio Bursts with the SKA will open a completely
new window on the cosmos by allowing to map out the
Universe’s plasma content.

6. Forming Stars through Cosmic Time
We have evidence that the basic mode of star formation
was fundamentally different in the early Universe, often

Credits: 1. NASA/JPL-Caltech; 2. Casey Reed; 3. M. Aschwanden et al. (LMSAL), TRACE, NASA; 4. NRAO/AUI; 5. unknown;
6. NASA/JPL-Caltech/SDSS/NRAO/ASIAA; 7. NASA / WMAP Science Team; 8. Illustration from a Scientific American article by Avi Loeb
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All through history humankind has made new and
exciting discoveries in the field of science. The SKA
will be at the forefront of cutting edge research,
but still, even as it is now taking shape, there are so
many unknowns in our Universe.

occurring within intense concentrations of “super star
clusters” that have few, if any, counterparts today. The
SKA will play a key role in answering how this mode
occurred, since it is likely that such events are so deeply
enshrouded by material that they can only be seen at
radio frequencies that can penetrate the shroud.

Exotic objects like quasars, masers, pulsars along
with phenomena such as the Cosmic Microwave
Background, galactic scale magnetic fields and
gravitational lensing, are all relatively newly detected
phenomena, and we’re only scratching the surface of
our understanding of these exotic objects. Many of

7. Cosmology and Dark Energy
Even in its early deployment phase, SKA will make
major progress toward the goal of enabling precision
cosmology. On its completion, SKA will fundamentally
advance our understanding of Dark Energy by enabling
a descriptive model with as many as 10 parameters
to describe both the nature and time evolution of this
mysterious phenomenon.

these objects and phenomena were discoveries that
happened unexpectedly, so we should be prepared
for the possibility of further unexpected discoveries.
However, the key scientific challenges for the SKA
outlined in this booklet are today’s most exciting
problems – will they still be the outstanding problems
that will confront astronomers and humankind over
the coming decades, when the SKA will be in its most
productive years?
If history is any example, the excitement of the SKA
may not arise out of current questions, but from
new questions that will be raised by the new types of
observations that the SKA will permit.

?

8. Probing the Dark Ages: Cosmic Dawn
and the Epoch of Reionisation
The SKA will uniquely enable the measurement of a
complete time sequence of images from the onset of
Cosmic Dawn to the end of Reionisation using the faint
radio light coming directly from the Hydrogen itself. The
resulting movie of the Universe’s first 700 million years
will answer a multitude of questions.
Cosmic explosions of unknown type may be detectable as
radio signals with the SKA. (Credit: NASA)

Image of the cosmic microwave background radiation
(CMB) anisotropy. (Credit: WMAP/NASA))

The unique sensitivity,
multiple independent
views of the sky, and the
extremely large field-of-view
make the SKA a discovery
machine. We cannot predict
what we will find, but we
know it will surprise us.
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SKA location
The sites
On 25th May 2012 the members of SKA Organisation agreed on a dual site implementation for the Square Kilometre Array
telescope: South Africa's Karoo and Australia's Murchison. The SKA will be constructed in two phases starting in 2018:

Phase one
 bout 200 dishes (including
A
64 MeerKAT dishes) will be
located in South Africa, covering
the 350MHz-14GHz range of
the spectrum (SKA1-mid).

South Africa

(Credit: SKA SA)

Australia

(Credit: Rob Millenaar (ASTRON)

 round 500 stations of low
A
frequency aperture array
antennas, with more than
260 antennas per station,
which corresponds to about
130,000 antennas in total
will be located in Australia
(SKA1-low). SKA1‑low will
cover the 50 MHz-350 MHz
range of the spectrum.

Phase two
 he dish array will be extended
T
to up to 2,000 dishes across
Africa and the frequency range
expanded towards higher
frequencies (SKA2-mid).

 he low frequency aperture
T
arrays will be extended in
Australia up to one million
individual antennas (SKA2-low).
	The AIP programme
(p.19) should result in new
innovative technology being
rolled out in Phase 2 to
further enhance the SKA.
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Use of the spectrum
Radio astronomers seek not only to study known
phenomena in more detail, but to detect and study
a wider range of objects at evergreater distances;
the farther the object, the older the signals reaching
the Earth today. More distant objects are generally
fainter and smaller as seen from Earth, requiring
increased sensitivity, better resolution and highly
developed observational techniques; the SKA seeks to
encompass advances in all of these areas.
Over the years, certain portions of the spectrum
at the frequencies of the most important natural
emission features have been allocated by international
agreement by the Radiocommunications sector of
the International Telecommunication Union (ITU-R) for
use by radio astronomy and other passive scientific
services. However, these bands are sometimes
too narrow for many of the current highly sensitive
astronomical observations to be completed in a
reasonable amount of time.
A wideband radio quiet spectrum is crucial to the
existence and long term operational potential of
the SKA, although the project is continually working
to push forward capabilities in RFI mitigation in its
analogue, digital and data processing systems. The
SKA will have a large, distributed collecting area and
extremely sensitive wideband receivers routinely
operating in bands outside those normally identified for
RAS use by the ITU-R.

Recognising the need for wider bandwidth radio
quiet areas to facilitate the SKA, the Australian &
South African governments have offered to host the
telescope and provide stable regulatory conditions to
the benefit of all stakeholders via robust legislative
frameworks. In Australia, the Radiocommunications
Act 1992 and in South Africa, the Astronomy
Geographic Advantage Act of 2007 enshrine the
creation of Radio Quiet Zones (RQZs) to facilitate the
managed use of the spectrum required to support the
SKA. These provide for control of radio emissions at
frequencies between 70 MHz – 25.25 GHz in Australia
and 100 MHz to 25.5 GHz in South Africa.

Observational techniques
The expansion of the universe causes spectral
features to be shifted in frequency (the more
distant the object, the greater the shift).
This effect, known as the “cosmological
redshift”, moves signals of interest out of
the frequency bands currently allocated by
the ITU-R to the Radio Astronomy Service
(RAS). Hence techniques for making
observations across wider bandwidths
are needed, often extending past formally
defined ITU-R radio astronomy allocations.

Comparison between the radio frequency interference (caused
by FM radio, mobile phones, TV, Wi-Fi, etc.) detected in a major
city (top), small town (middle) and radio-quiet area (bottom). This
graph highlights the necessity for the SKA to be built in remote
locations where there is little interference from civilisation to be
able to detect the faint radio signals coming from the Universe,
which are otherwise lost in interference in cities.

South Africa

Australia

The Karoo Astronomy Advantage Area (KAAA) was established as part of the
Astronomy Geographic Advantage Act 2007. Consisting of a polygonal area of
~500km x ~300km at extents, this Radio Quiet Zone provides radio protection to
the South African site of the SKA telescope.

The Australian Radio Quiet Zone of Western Australia (ARQZWA) was established as
part of the Radiocommunications Act 1992. The ARQZWA consists of circular zones
of levels of protection out to 260km from the core. This comprises the Murchison
Radioastronomy Observatory which will eventually host the Australian component of
the SKA telescope.
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Precursors, pathfinders
and design studies
The Very Large Array (VLA) and Arecibo radio facilities are iconic radio telescopes which
have, along with dozens of other facilities around the globe, been delivering world class radio
astronomy for years. The SKA will be built on the science and technologies of established
premier radio facilities such as these, as well as SKA pathfinder instruments such as
NenuFAR, LOFAR, GMRT or the MWA, in addition to the precursor telescopes in South
Africa (MeerKAT and HERA) and Australia (ASKAP and MWA).

The 36 antennas of the CSIRO's ASKAP
telescope are already installed at their final
location at the Murchison Radio-astronomy
Observatory site in Western Australia. ASKAP
is one of the three precursor telescopes to the
SKA. (Credit: CSIRO)

The Murchison Widefield Array (MWA) is the
low-frequency precursor telescope to the SKA.
MWA started its science operations in 2013.
(Credit: SKA Organisation, W. Garnier)

The first MeerKAT antenna was inaugurated
on 27 March 2014. MeerKAT is the African
precursor to the SKA. It will eventually be
composed of 64 antennas, spread across the
Karoo desert on the SKA South Africa site.
(Credit: SKA SA)

View of the first 19 HERA elements. PAPER
dipoles may be seen immediately behind the
HERA dishes, and the growing Meerkat array in
the background. (Credit: A. Loots)

Examples of SKA pathfinder instruments. Above: Giant Metrewave Radio Telescope
(GMRT); middle right: The international LOFAR (low frequency array) telescope (Credit:
Top-Foto Assen); right: The Very Large Array (VLA); middle right: The Electronic Multi
Beam Radio Astronomy Concept (EMBRACE) (Credit: ASTRON); far right: NenuFAR
(credit: Obs. Paris).

On page 14 (on the left) you can see images of all four SKA
precursor telescopes.
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The SKA – Science and Industry
The SKA: a science and engineering partnership
All forms of astronomy usually involve cutting edge
technological developments and innovations. And as the
demands from the scientific community increase, the
involvement of engineering and industrial partners grows
ever more essential.

DATA

2 million years

Did you know?
The data collected by
the SKA in a single
day would take nearly
two million years to
playback on an ipod.

packages, that made up the SKA. These elements in
the pre-construction phase of the SKA will be rigorously
tested and refined, before they finally become part of the
biggest radio telescope ever conceived.

The SKA will provide one of the most demanding,
challenging, yet open development and test environments
for state of the art devices, information and
communications technology, high speed computing and
software development ever seen.

The SKA has been an ongoing iterative process for many
years. Now, with the work package consortia, the final
design studies for the first phase of the SKA are all
feeding in to make it an exceptional instrument. Around
100 institutions with about 500 engineers, scientists and
researchers are working towards this goal.

Construction of the SKA over the coming years will be
the equivalent to building and commissioning a new 100m
wide radio telescope every 20 days, a task which will test
the limits of engineering and scientific skill to the limits.
To make this possible, SKA Organisation has engaged
with large scale industrial partners.

These global partners are working to design and develop all
of the pieces in the vast jigsaw required to make the world’s
foremost radio telescope a reality. Industry participation
with the SKA means early collaborations with a variety
of organisations, among them niche R&D companies and
engagement with high-volume manufacturers.

Even before the construction phase, many of the R&D
programmes needed for SKA demonstrators require
industry experience, especially in crucial areas such as
economic mass production, system engineering and
mega-scale project management. The international SKA
project is firmly on track, after the selection in 2013 of
international teams known as consortia, who have been
assigned to the various components, also called work

Along with this, technology systems vendors, site
services and installation firms, as well as power and
data transmission specialists all play a significant role. In
future, further participation will necessarily occur with
larger technology and civil engineering firms, and is also
encouraged with smaller local vendors, possibly including
teaming arrangements and supply chains as the SKA
draws nearer to completion.

18

THE SQUARE KILOMETRE ARRAY

EXPLORING THE UNIVERSE WITH THE WORLD’S LARGEST RADIO TELESCOPE

Super scaled technology
The SKA - a technological and engineering challenge
The SKA demands new approaches not only to radio
telescope design, but also signal transport, data
reduction, data management and sheer computer
processing power. Development of the SKA, which in
2013 was broken down in to a number of elements
known as work packages, is now progressing at speed.
Assigned to vast global consortia, consisting of
hundreds of the world’s finest scientists and engineers,
the SKA Project involves mass producing low cost, but
highly accurate and sophisticated telescope receivers
and the computing and infrastructure to support it.
On top of this, the development of signal processing
engines that can work in real time, with data on a scale
never before seen, filtering out the unwanted signals
and passing on the useful data.

Optical fibres will be essential to transport the huge amount of data
to the central SKA processor node. (Credit: Wikimedia Commons)

Using high speed computer based beam forming
techniques, where the telescopes will "point"
electronically at regions of the sky, as well as with
state of the art "Phased Array Feed" technology,
the SKA will be able to scan the skies thousands of
times faster than ever before. This will give engineers
and scientists the challenge of transporting, at
phenomenally high rates, the vast amounts of
scientifically valuable radio astronomy data, firstly from
the vast array of telescopes to local base stations, and
then across the entire planet.

Data Transport from SKA1 (the first phase of the SKA,
corresponding to only a fraction of the full SKA) alone
will produce some 160 terabytes of raw data per
second, which is equivalent to five times the estimated
global Internet traffic in 2015. The expansion of both
SKA1 instruments in phase 2 could increase total data
rates for the full SKA dramatically.
Processing and post-processing will require high
performance computing engines that are faster than
any computer currently in existence. The SKA will also
stretch algorithm development in the vital areas of
intelligently filtering out unwanted noise and data, and
working with data that has a very high dynamic range.
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Advanced Instrumentation Programme (AIP)
In building and operating a state of the art scientific
facility to last 50 years, SKA Organisation needs
to be planning for continuous upgrades. Such
planning is especially relevant for a data-intensive
observatory, which is heavily reliant upon digital
signal processing technology. To that end, the
Board have approved the establishment of an
Advanced Instrumentation Programme (AIP)
as an integral part of SKA construction.
The AIP will provide funds to research institutes,
universities and industry for the development of

next-generation technology for the SKA. In the
first instance, the priority will be to develop 3rd
or even 4th generation Phased Array Feeds, the
radio survey cameras currently being deployed on
ASKAP in Australia and WSRT in The Netherlands.
Also to be included in the AIP will be the funding
of further developments of dense aperture array
technology, which has the potential to revolutionise
survey science with the SKA; and, work on socalled Wideband Single Pixel Feeds, which may
well reduce the number of single pixel receiver
systems the SKA needs to build and support.

In addition, as the AIP develops, the SKA will be
seeking to fund research into next-generation
signal processing hardware; algorithm development
to improve the imaging and time-domain science
capabilities; improved data transfer and time
synchronisation hardware, and much more.

Artist's impression of Mid-Frequency Aperture Array
antennas, which have the potential to revolutionise survey
science with the SKA. (Credit: SKA Organisation)

Early generations of Phased Array Feeds (PAF) are
already installed on some antennas of the ASKAP precursor
telescope in Australia. PAFs are radio survey cameras
which greatly enhance the survey speed of the telescope.
(Credit: CSIRO)

The AIP is a programme that must
run for the lifetime of the SKA.

New technologies and progress in fundamental
engineering and science are both required. This is why
the SKA compares with some of the greatest scientific
projects in history, like the Large Hadron Collider or
interplanetary space probes.
The SKA’s power will come from it being in many
respects, a software controlled and software
dependent telescope. This will allows the SKA’s
designers to take advantage of advances in computer
power, algorithm design and data transport capability,
making sure that over its entire lifespan, the SKA
never becomes obsolete.

Wideband Single Pixel Feeds aim at reducing the
number of single pixel receiver systems the SKA needs
to build and support (Credit: SKA Organisation)
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The design, construction and operation of the SKA will have a major
impact not only in science and engineering, but also in far reaching
areas relating to local communities, education and much more.

Beyond astronomy
The SKA will deliver benefits beyond astronomy
Ten countries are currently members of SKA
Organisation, which represent over 40% of the
population of our planet. In the design, development,
construction and operation of the SKA telescope,
humanity will push not only the boundaries of
astronomical understanding, and scientific research,
but also technology development in radio telescopes,
data transport, software and computing, and the very
infrastructure that will make all of this possible.

Credits and acknowledgements
for images: ICRAR, SKA SA

As with other great scientific endeavours throughout
history, the spin off innovations will benefit science and
engineering on a local and global scale. From the vast
network infrastructure, through to advancements in
computing and data processing, the SKA will deliver
in many sectors. Even the energy requirements of the
SKA present an opportunity to accelerate technology
development in scalable renewable energy generation,
distribution, storage and demand reduction.

However, the SKA is also an environment in which
local communities, outreach, and major educational
initiatives are already thriving. The influence of the SKA
extends far beyond just that of astronomy. The project
has the potential to provide long-standing human
capital development and employment benefits to the
local communities where the SKA will be located, as
well as in partner nations involved in SKA design and
construction elements.
SKA outreach extends also in to cultural and heritage
projects, working with and supporting local indigenous
peoples, and training the scientists of the future,
impacting skills development, employment and local as
well as global economic growth in science, engineering
and associated industries, not only in the host nations
but in all partner countries.

