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Section A: Overview of the Research Project

1. A dual band digital sideband separating spectrometer with digital compensation for high
SRR

2. Engineering

3. Masters

4. Abstract of research project

High atmospheric noise is usually prominent in the sub-millimeter range utilised for
observational radio astronomy. Sideband-separating receivers are typically preferred in such
cases. However, due to imbalances in the different analog components it is unavoidable that
signal leakage occurs between the sidebands. Calibration methods exist in the analogue,
digital and hybrid domains, but it is the digital approach that offers best results. This project
will aim to develop digital techniques that can address the issue of calibration to improve
SRR. The platform will be demonstrated as calibrated digital sideband separating
spectrometers (both wideband and narrowband) on a Xilinx Ultrascale+ RFSoC
development board for radio astronomy applications.
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6. Co-supervisor/Research supervisor’s details
a. Prof Tinus Stander
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Section B: Details of Research Project
1. Scientific/Engineering merit:

The next generation of radio astronomy instruments, such as the ngVLA will see smaller
receivers with wider frequency coverage, with particular interest to the K-band (18 - 27 GHz)
and Q-band (33 - 50 GHz). The science case for such a receiver includes the study of the
water maser line, silicon monoxide in the K-band and methanol maser lines within the
Q-band.

However, high atmospheric noise is usually prominent in the wavelength range suggested
for next generation observational radio astronomy instruments. Although a number of
receiver architectures exist, sideband-separating receivers are typically preferred in such
cases. However, due to imbalances in the different analog components it is unavoidable that
signal leakage occurs between the sidebands. Therefore, the sideband rejection ratio (SRR)
is typically rather poor; if not compensated for. Analogue methods exist for improved
sideband rejection, but these are typically limited to SRR figures of 7 to 30 dB, the latter for
hybrid approaches. Recently the details of a concept demonstrator for an 18 - 45 GHz
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receiver to be demonstrated at Hartebeesthoek Radio Astronomy Observatory (HartRAO)
station in South Africa was published (Mundia et al., 2022) by researchers of the M4 lab
situated at CEFIM, University of Pretoria. Their findings again confirmed some shortcomings
with analogue RF SRR compensation.

It is the digital calibration counterparts that will truly shine and improve performance of these
receivers. It is not only their very high SRR above 40 dB that is appealing, but also their
flexibility. Since the digital compensation can be conducted as part of the digital backend of
the receiver, the same method can also be applied to the digital backend of existing
sideband-separating receivers of alternative bands (notably the L, S and C bands) without
the need to replace or modify these existing analogue frontends.

This project will aim to develop a digital backend that can address the issue of calibration for
improved SRR. The implementation will be demonstrated as calibrated digital sideband
separating spectrometers (both wideband and narrowband) on a Xilinx Ultrascale+ RFSoC
development board for radio astronomy applications as identified by HartRAO. The existing
18 - 45 GHz receiver, without calibration, will be utilised with an additional mixing stage to
prepare the designed 4 - 11 GHz lower and upper sidebands for digitisation.

2. Feasibility:

Recently researchers of the M4 lab situated at CEFIM, University of Pretoria (Mundia et al.,
2022) published work on a concept demonstrator for an 18 - 45 GHz receiver to be
demonstrated at Hartebeesthoek Radio Astronomy Observatory (HartRAO) station in South
Africa. The need for compensation to address and improve SRR was identified. The existing
receiver structure can be utilised with or without analogue RF compensation.

A number of calibration methods are known, which may feasibly be pursued toward a viable
calibration strategy. They can be broadly divided into two categories, being i) analogue and
mixed signal techniques, and ii) all digital techniques. The most popular digital approach will
be the focus of this project. It aims to combine the input signals with different calibration
gains. The concept was first demonstrated by Morgan & Fisher (2010) utilising a PC as DSP
backend. More recently, Finger et al. (2013) and Rodriguez et al. (2018) demonstrated the
next evolution by building real-time, calibrated, sideband separating receivers using FPGA
technology.

Finally, recent study (Dec 2021) by Oxford researchers have evaluated an RFSoC based
TI-ADC using floating point, off-line post-processing, to isolate the performance of the ADCs
from any concerns about fixed-point arithmetic in the FPGA,as well as a single-channel
spectrometer implemented in the FPGA operating in real-time. This was done without the
proposed calibration in this proposal.

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 sideband separating receiver as well as a Xilinx Ultrascale+ RFSoC



FPGA processing platform with sufficient RF bandwidth processing capability and resources,
are also available.

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

Y1: Literature review. A further stage of mixing is required to prepare the existing receiver
outputs for digitisation. Digital simulation of the calibration 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:

5.2.1 Radio astronomy antennas and receiver systems (including digitisation)
associated with supported and hosted instruments.

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 increased bandwidth performance and
improved measurement accuracy of currently installed and operating SARAO receivers. It
will also develop critical skills in digital signal processing for radio astronomy.

4. The preferred candidate would have at least a firm undergraduate background in digital
system and algorithmic design in VHDL/FPGA.
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