
Attachment 1: Research Project Proposal  
1. Title of research project: Integrating a DBE with, and commissioning of, an SKA mid-
frequency aperture array (MFAA) tile.  
 
2. Academic level (Masters or PhD): Masters 
 
3. Supervisor’s title and full name: Prof David Bruce Davidson  
 
4. Co-supervisor’s title and full name: None  
 
5. Supervisor’s university: Department of Electrical and Electronic Engineering, Stellenbosch 
University  
 
6. Overview and aims of the research project (maximum 300 words):  
 
The SKA Mid-Frequency Aperture Array (SKA-MFAA) is part of Phase 2 of the SKA 
instrument, provisionally scheduled for deployment in the mid-2020s. The instrument will use 
aperture arrays, covering the frequency band from approximately 500-1500 MHz. It will be a 
very wide field of view instrument, characterized by electronically steerable beam(s). A 
presentation at the recent MFAA/MIDPREP meeting (Cape Town, April 2016) proposed that 
“tiles” be made available to South African educational institutions.  These will probably be based 
on developments to the EMBRACE tile, which is the basic building block of the system, 
consisting of 72 Vivaldi antennas (6x6x2 polarisations) (Torchinsky et al, A&A, 2016). The 
system uses a hybrid beam-forming strategy, with the first stages done in RF using beam-former 
chips and subsequent stages done using digital beamforming. The system supports two 
independent RF channels, permitting two independently steerable beams on the sky.  
 
The aim of this project is to commission such a system, after integrating it with a suitable Digital 
Back End (DBE) processor, such as a ROACH board. (EMBRACE uses custom-made DSP 
hardware based on LOFAR hardware). Additionally, the project should demonstrate the ability to 
observe very strong radio astronomy sources (eg the Sun) – the project will be undertaken in 
Stellenbosch, where the RFI environment is poor. The aim is to develop engineering skills in 
aperture array systems.  
 
7. Relevance of the research proposed to the priority areas of MeerKAT and / or SKA – refer to 
the application guide (maximum 200 words):  
 
As with the other MFAA proposal, this is aligned with point 9, Mid-frequency Aperture Array 
technologies. With the antenna and RF engineering for MeerKAT essentially completed, and 
with the proposals for the SKA dish design also far advanced, we need to look at new 
technologies which may only mature on a time-scale of 5-10 years to keep our RF and antenna 
work future-focussed. The MFAA is precisely such a technology, relying heavily on electronics 
to form the beams, as LOFAR and the MWA have already successfully demonstrated at 
somewhat lower frequencies (typically in the VHF regime, as opposed to the UHF band for the 
MFAA). MFAA technology is closely related to radar and telecommunications technology, in 



particular for phased array radars and MIMO systems, so provides an excellent opportunity to 
train electronic engineers in these technologies.  
 
8. Research work breakdown  
Research work structure for Year 1 (100 to 200 words) 
Much of the time in the first semester of year 1 will be spent on our MEng courses; we offer a 
variety of these, including introductory radio astronomy, antennas, RF electronics and signal 
processing, and attending a CASPER workshop if possible. This will also include a trip to 
ASTRON to gain hands-on experience.   
 
Research work structure for Year 2 (100 to 200 words) 
Most of this year will be devoted to research and development, towards producing a tile with a 
workable digital backend, commissioning the system, and undertaking very basic observations. If 
several tiles are available, then a simple interferometer could also be attempted. Again, a trip to 
ASTRON is envisaged.  
 
9. Availability of required data / access to required equipment / availability of research facilities 
and other resources required (maximum 200 words) 
 
Our Department is well resourced to accommodate a student in this field, with a dedicated 
SARChI chair (the supervisor) and number of other staff teaching in this field, supervising 
students and directing research. We typically have a research group of around 20 SKA students. 
We have a recently renovated antenna measurement range and access to leading EM simulation 
packages.   
 
This project does rely on obtaining a suitable tile from ASTRON; since ASTRON are proposed 
the project and are strongly supporting it, serious problems with this are not anticipated but there 
is always an element of risk in such a project.  
	
 
10. Signature of supervisor and date of proposal submission: 
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