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‭Section A: Overview of the Research Project‬

‭1. An FPGA based digital pulsar dedispersion method using IIR filters‬
‭2. Engineering‬
‭3. Masters‬

‭4. Abstract of research project‬

‭Pulsars, high-speed rotating neutron stars with strong magnetic fields, emit beams of‬
‭electromagnetic (EM) radiation from their poles. These beams are observed as stable‬
‭cosmic clocks, in the form of pulses, when the Earth's line of sight crosses the pulsar.  These‬
‭pulses are very useful as they can be used as stable cosmic clocks for various experiments.‬
‭However, detecting pulsar events can be challenging due to various factors, such as‬
‭dispersion and scattering effects, which can alter the EM characteristics of the signals and‬
‭affect our ability to detect them.‬

‭The detection of pulsars is very computationally expensive. Traditional approaches were‬
‭focused on detecting them from recorded data. However, advancements in digital‬
‭processing, especially FPGA and GPU development, has seen an increased interest in‬
‭real-time pulsar detection, with significant advantages of observing rare transient events,‬
‭improving the observational efficiency of an observatory, etc. In order to realise such a‬
‭system requires careful thought on resource allocation, especially when expanding towards‬
‭a more general real time pulsar search engine. This research project embarks on the first‬
‭step towards this goal by applying a general mathematical method for implementing arbitrary‬
‭dispersion profiles using second-order delay networks and implementing these in the pulsar‬
‭backend as FIR and IIR filters, allowing for a comparison of resource utilisation.‬
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‭Section B: Details of Research Project‬

‭1. Scientific/Engineering merit:‬

‭Real-time pulsar dedispersion offers some advantages over the well known post processing‬
‭approach. Dispersed pulses can be recovered with increased sensitivity, allowing for the‬
‭detection of weaker signals that would otherwise be undetectable. It allows astronomers to‬
‭quickly detect pulsars while they are making other observations, improving the observational‬
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‭efficiency. This is particularly important for large-scale surveys, where many pulsars may be‬
‭present, and the detection of each one may require the analysis of a large amount of data.‬

‭Ideally, the dedispersion filter should have a group delay response equal to the negative of‬
‭the interstellar medium delay transfer function to cancel the effect of the latter. There are two‬
‭general approaches to designing these second order filter responses, being either finite  or‬
‭infinite impulse response (FIR or IIR). It is generally known and accepted that FIR filters are‬
‭stable at the expense of requiring more filter taps, which translates directly to more digital‬
‭resources. IIR filters can become unstable if not synthesised correctly, but can offer similar‬
‭performance to FIR topologies with fewer taps. Herein lies the potential for reducing the‬
‭number of logic elements required for FPGA synthesis of such a dispersion filter.‬

‭The development of a next generation FPGA based pulsar dedispersion method using IIR‬
‭filters holds great potential to significantly reduce FPGA resource utilisation. This opens‬
‭further avenues to power consumption reduction and demonstrates the first step towards the‬
‭ultimate goal of implementing a bank of such filters that allows radio astronomers to search‬
‭for new pulsars in real time while piggy backing off the already channelised digital data being‬
‭prepared for other observations and experiments.‬

‭2. Feasibility:‬

‭Researchers of Xinjiang Astronomical Observatory and Key Laboratory of Radio Astronomy‬
‭have recently (Feb 2022) studied and established that Radio Frequency System on Chip‬
‭(RFSoC) offers great potential as a complete, single board radio astronomy signal‬
‭processing system. They demonstrated a pulsar digital backend system based on the Xilinx‬
‭ZCU111 RFSoC FPGA development board using conventional methods.‬

‭Recently, a mathematical method for implementing arbitrary dispersion profiles using‬
‭second-order delay networks was demonstrated (Osuch et al, 2016). As a general approach‬
‭to second-order delay networks, the method also applies to dedispersion profiles. The‬
‭method was also demonstrated in the RF domain prior to digitisation (Osuch et al, 2019),‬
‭where it was suggested for consideration in the digital domain.‬

‭The Carl and Emily Fuchs Institute for Microelectronics at the University of Pretoria has‬
‭significant experience in the design of RF and microwave components, as well as digital‬
‭signal processing techniques. The lab is further equipped with all the necessary laboratory‬
‭facilities for measurement, as well as software for circuit, EM, and system modelling and‬
‭digital design. A suitable FPGA based processing platform with sufficient RF bandwidth‬
‭processing capability (Xilinx Ultrascale+ RFSoC evaluation board) and resources is also‬
‭available.‬

‭The potentially expected intermediate milestones and associated timeframes towards‬
‭attaining the overall objectives of the project would include:‬

‭Y1: Literature review. Digital simulation of the dedispersion methodology in a high level‬
‭language. Design and verification of experimental setup.‬
‭Y2: VHDL/FPGA design, implementation, prototyping and testing. Experimental‬
‭measurement and performance characterisation.‬



‭3. SARAO research priority areas‬

‭The project directly ties in with the following main SARAO postgraduate research focus‬
‭areas in 2024/2025:‬

‭5.2.2 Real-time digital signal processing instrumentation for radio astronomy,‬
‭specifically using FPGA and GPU platforms.‬

‭The proposed techniques, if successful, will lead to real-time detection of a pulsar with‬
‭reduced resource cost and improve the observational efficiency of operating SARAO‬
‭receivers. It will also develop critical skills in digital signal processing for radio astronomy.‬

‭4.‬‭The preferred candidate‬‭would have at least a firm‬‭undergraduate background in digital‬
‭system and algorithmic design in VHDL/FPGA.‬
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