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PROJECT BACKGROUND AND AIMS: 

In 2013 our research group in the Faculty of Engineering and the Built Environment was in contact with Michael 

Gaylard and Sarah Buchner from the HartRAO observatory north of Johannesburg and identified a potential project 

that would be beneficial to the observatory as an entry point into the new generation of FGPA based Radio 

Astronomy instrumentation. Unfortunately a student could not be found for the project at that time and this was 

followed by the tragic passing of Michael Gaylard. 

Since then we have been approached by Dr Gordon MacLeod who is now working at the HartRAO telescope. He 

had heard about our previous interactions and informed me that they were still looking to collaborate on the 

development of next generation instrumentation for use at HartRAO. Dr MacLeod has mentioned the need for a 

number of different instruments at HartRAO and that they need to begin developing some expertise to build their 

own instruments and support the African VLBI network initiative. We have since met to discuss their needs and 

have identified an initial instrumentation project that we can undertake to kick off our collaboration. 

The goal of this research project is to design and build a new generation wideband spectrometer instrument for 

the HartRAO observatory. The current generation of hardware in use at HartRAO is reaching the end of its lifespan 

and is not capable of implementing the most modern forms of signal processing algorithms that are being used for 

Radio Astronomy today. 

The proposed instrument will be built using the ROACH II platform which is a FPGA based platform being 

developed by the Radio Astronomy Community whose collaboration is collectively called CASPER. The capabilities 

of the spectrometer will be closely matched to the current research activity taking place at HartRAO. 

This project will focus on the following primary objectives: 

 Coming to grips with modern FPGA hardware design paradigms including the existing CASPER toolchain. 

 Exploring the use of the ROACH architecture for signal processing tasks. 

 Introducing the research group to the precepts of Radio Astronomy and its signal processing challenges. 



 Produce and implement a modern spectrometer instrument that can realize the full potential of the 

antennae at HartRAO and will allow for the future addition of new observation capabilities such as 

Transient Pulsar detection and Pulsar timing. 

While wideband spectrometers are widely understood and a number of off-the-shelf implementations exist for the 

ROACH II platform. However, we are told that the majority of implementations that are capable of meeting the 

HartRAO requirements rely on addition processing to be conducted on external computing hardware, usually with 

the use of GPUs. This increases both the latency and complexity of such a system. This project will seek to explore 

an optimized spectrometer design that can perform as much signal integration as possible onboard the ROACH II. 

We will explore the existing FPGA design toolchain to quantify resource usage of various components and based of 

this study produce an optimized spectrometer that meets the research needs of the HartRAO scientists The 

research will be focused on the field of Real-time Signal Processing for Radio Astronomy as described as a priority 

area in the Call for Project Proposals Document. 

WORK BREAKDOWN 

YEAR 1 

The first year will be spent coming to grips with the ROACH II platform and the CASPER toolchain and the precepts 

of FPGA design. The student will then use the CASPER resources to implement a wideband spectrometer using the 

existing material and test it on the HartRAO antennae. In this year the student will have to spend time at the 

HartRAO facility to understand their needs and the fundamentals of the telescope which will inform the design of 

the instrument. 

YEAR 2 

After the student has built an initial version of the instrument using existing material they will begin to delve into 

the nuts and bolts of the ROACH II platform, FPGA implementation techniques and the CASPER toolchains to 

determine how best to optimize the spectrometer design to fully meet the requirements of HartRAO. The final 

stage will obviously be the write up of their work and the final installation of the instrument at the HartRAO 

observatory. 

EQUIPMENT 

Our research group purchased a ROACH II platform with two channel ADC when we first proposed this project in 

2013. We received the equipment in late 2014 and so all the required equipment needed for the project is in place. 

SUPERVISION EXPERIENCE 

I am a member of the Hypervision research lab in the Electrical and Electronic engineering science department at 

the University of Johannesburg. Our lab specializes in computer vision, robotics and heterogeneous computing 

(including computer clusters and GPU-based computing).  

I have delivered one master’s degree candidate to date and my first doctoral candidate handed in his thesis in July 

2016. I currently supervise 5 master’s degree candidates and one doctoral candidate in the fields of computer 

vision, robotics and medical imaging using wideband radar.  


