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History - pre 2004

- SKA - search for technology
- to get cheap collecting area
- more specifically, to optimise survey speed/dollar

- within CSIRO, a number of technologies were explored
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Luneburg Lenses

Cylindrical reflectors

Phased arrays at the focal plane of paraboloids
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Phased arrays at the focal plane of paraboloids

John O’Sullivan with prototype chequerboard

and the winner was …
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History - names!

NGRT  
(HIFAR) 

NTD  
xNTD  
MIRA 

 MIRANdA  2007 May

ASKAP

Australian SKA Pathfinder2007 Nov

Up to 2007
From 2004

? 2003 ?

PAFs
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Antennas :                            36 x 12m diameter
Longest baseline :                6440 m
Frequency range :                700 - 1800 MHz
Instantaneous bandwidth:    300 MHz
Spectral channels :              16416
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Chequerboard array of 188 sensors
Two interleaved sets of 94 X and 94Y polarised elements

Field of view  :     5.5 x 5.5 = 30 square degrees

Phased array feed  
 

PAF



PAF and beamformer
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Beam signal

PAF element 
 signals

beam 
former
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ASKAP

Antennas :                   6
Longest baseline :       916 m
PAF :                            Mark I
Beams :                        9 x 2

12
2304 m
Mark II
36 x 2

36
6440 m
Mark II
36 x 2

BETA ASKAP-12 ASKAP

BETA  (Boolardy Engineering Test Array) operated 
from 2014 March - 2016 February

ASKAP-12 is currently operating over a fixed 48MHz band.
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What determines survey speed, image sensitivity?

!Footprint sensitivity 

!Primary beam shape 
(variability/knowledge of) 

!Interferometer calibration 

!RFI 

!etc



Maximum Sensitivity Beamforming
• The output of a beamformer is:

• We determine weights that define the “maximum sensitivity” beam 
(Applebaum (1976):
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Beam k output at time i

PAF element outputs 
at time i

Noise covariance matrix

Steering vector (response of PAF 
elements to a point source in the
direction of interest for beam k)

Weight vector for beam k

Primary beam shapes

http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1141417&url=http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber%3D1141417
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Primary beam shapes: measurement

by Aidan Hotan
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Primary beam shapes: variation

XX + YY

Boresight beams 
measured on BETA

Research continues on shape-constrained beamforming. 
There remains much to be learnt about beamforming.
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Footprint sensitivity

- Noise in adjacent beams is not independent, they share PAF elements
- This affects the noise amplitude in the mosaiced image

- We can measure and model the effect



ACES |  David McConnell  |  

Measurements

Model predictions

F ratio

(by Ian Heywood)
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Footprint sensitivity

- Noise in adjacent beams is not independent, they share PAF elements
- This affects the noise amplitude in the mosaiced image

- Find the sweet spot

- and interleave for uniformity
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SN1987A

Imaging by Wasim Raja 
using ASKAPsoft
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Realising the innovation
Hardware
Software

“Greyware”



Specialists

Generalists

electro-magnetic theory

electro-magnetic modelling

digital signal processing

digital electronics

astrophysics

astronomy

radioastronomy

aperture synthesis  theory

aperture synthesis p
ractice

numerical computing

astronomical computing

radio polarimetry

radio spectroscopy

sta
tist

ics

control theory

software control systems

distrib
uted computing

numerical methods

astronomical data  
 analysis

RF electronics

electro-optical systems

PAF operation

PAF design

networks

Realising the Innovation
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RON

Realising the Innovation

Thanks



Thank you


