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Introduction

Welcome messages from the Chapter Chair and
Conference General Chair
Message from the Chapter Chair

On behalf of the leadership of the IEEE South Africa Joint AP/MTT/EMC Chapter, I wish to welcome
you to our 2016 Chapter Conference. This biennial event is undoubtedly the highlight of the
Chapter’s membership activities.
Apart from the Chapter Conference, the local Chapter also sponsors and hosts technical talks
(including distinguished international visitors) throughout the year. In 2015, the Chapter hosted 24
events in Cape Town, Stellenbosch, Pretoria, Johannesburg, and Durban, attracting an average of 23
attendees per event. If news of these activities do not reach you, or do not take place regularly in
your area, please engage the Chapter leadership on this. As it is your membership dues that make
these events possible, we are always looking to increase the value of these activities by expanding
their reach.
Chapter membership (across the three Societies) currently stands at 71 members, of which 16 are
Senior Members and 3 are Fellows or Life Fellows. Although the chapter has a promising 13 student
and graduate student members, the low conversion rate of student membership to full membership
remains troubling. This is, however, not unique to the South African chapter, and is being addressed
at a high level with all three parent Societies.
The Chapter leadership currently consists of me, Prof. Riana Geschke (UCT) as Vice Chair for MTT
activities, Prof. Dirk de Villiers (SU) as Vice Chair for AP, Dr. Gideon Wiid (SU) as Vice Chair for EMC,
and Dr. Albert Lysko (CSIR) as past chair. This format ensures both continuity in leadership and
representation of all three technical societies in Chapter life.
On behalf of the Chapter, I thank the team from the Department of Electrical and Electronic
Engineering at Stellenbosch University, for organizing this year’s conference. I trust that you will
make the most of this opportunity to engage with the rest of the community, and enjoy your stay in
Stellenbosch.
Kind regards.
Dr Tinus Stander, University of Pretoria
IEEE South Africa Joint AP/MTT/EMC Chapter Chair

Message from the Conference General Chair
On behalf of the organizing committee, I welcome you to the 2016 edition of the biennial conference
of the South African IEEE Joint Chapter on Antennas and Propagation (AP), Microwave Theory and
Techniques (MTT) and Electromagnetic Compatibility (EMC). The conference brings together
engineers and researchers from South African industry and academia who work in these fields.
The technical programme runs over two full days. All contributions are by invited speakers. This
includes plenary presentations by two internationally leading experts: Prof. Karl Warnick (Brigham
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Young University, UT, USA) and Dr Peter de Maagt (Head of the Antenna and Submillimetre Wave
Section, Electromagnetics & Space Environments Division, European Space Agency). We gratefully
acknowledge their contributions to the conference, as well as the financial support they received
from the IEEE AP Society’s Distinguished Lecturer programme and the European Space Agency,
respectively, which made their visits to South Africa possible. Equally, we thank all local presenters
and co-workers, for the value they are adding to this technical community through their
contributions.
The conference would not have been possible without the generous support of the sponsors. In
alphabetical order, the Tier 1 sponsors are Altair Engineering S.A., Computer Simulation Technology,
Concilium Technologies (Pty) Ltd and GEW Technologies. We associate their premium-level support
with the conference lunches and banquet. In alphabetical order, the Tier 2 sponsors are Comtest
Solution (Pty) Ltd, Protea Electronics (Pty) Ltd / Rhode & Schwarz, Tamashi Technology Investments
(Pty) Ltd and VASTech SA (Pty) Ltd. We associate their much-appreciated support with the
conference coffee breaks. Finally, we wish to thank the IEEE MTT-S MGA for their generous
contribution. All of these sponsors together are enabling a large contingent of students to attend the
conference, which is critically important for the future. We sincerely thank the sponsors!
Of the 129 conference attendees, roughly 29% are students, 17% are from academia and 54% are
from industry. The conference is organized by the Department of Electrical and Electronic
Engineering, Stellenbosch University, on behalf of the Chapter. The conference is registered for ECSA
CPD points.
I trust that you will find the conference interesting, constructive and enjoyable.
Prof. Matthys M. Botha, Stellenbosch University
General Chair of the South African IEEE Joint AP/MTT/EMC Chapter Conference, 2016 edition
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Sponsors

On behalf of the South African AP/MTT/EMC-community, the Conference Organizing Committee
gratefully acknowledges the invaluable support from our sponsors. Tier 1 sponsors provided
premium-level support. Tier 2 sponsors provided standard-level support.

Tier 1 sponsors

Altair Engineering S.A.

Computer Simulation Technology

Concilium
Technologies
(Pty) Ltd

GEW Technologies
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Tier 2 sponsors

Comtest Solution
(Pty) Ltd

Protea Electronics (Pty) Ltd /
Rhode & Schwarz

Tamashi Technology Investments (Pty) Ltd

VASTech SA (Pty) Ltd

General sponsors

Stellenbosch University

IEEE Microwave Theory & Techniques
Society
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Conference programme

Programme of the South African IEEE Joint AP/MTT/EMC Chapter Conference 2016, July 28−29,
Stias Conference Centre, Stellenbosch, South Africa

Time

Activity

28Jul
07:45

Day 1 of 2

Chair / Presenter

Title

Tinus Stander, University of
Pretoria
Matthys M. Botha,
Stellenbosch University
Karl Warnick, Brigham Young
University, UT, USA
Robert Lehmensiek

Opening by South African IEEE Joint AP/MTT/EMC
Chapter Chairman
Welcome message from the Conference Chair

David B. Davidson,
Stellenbosch University
Robert Lehmensiek, Isak
Theron, EMSS Antennas
Robert P. Millenaar, Carel van
der Merwe, SKA SA

The Square Kilometre Array – Phase 1 and beyond

08:45

Registration
+ Coffee
Opening

08:55

Opening

09:00

Plenary

09:30

Session

09:30

Presentation

09:50

Presentation

10:10

Presentation

10:30

Coffee

11:10

Session

J. Pieter Jacobs

Computational electromagnetics and modeling

11:10

Presentation

11:30

Presentation

11:50

Presentation

Matthys M. Botha, Dao P.
Xiang, Stellenbosch University
Johann van Tonder, Ulrich
Jakobus, Altair Development SA
J. Pieter Jacobs, University of
Pretoria and Dirk I.L. de Villiers,
Stellenbosch University

Developments in mesh-based physical optics for
scattering analysis
The Multilevel Fast Multipole Method in the
commercial code FEKO
Covariance function construction for Gaussian
process modeling of antenna radiation properties

12:10

Sponsor slot

Cornell van Niekerk, GEW
Technologies

An introduction to GEW Technologies system
solutions

12:25

Lunch

14:00

Session

Christopher A. W. Vale

Antennas

14:00

Presentation

Sinuous antennas for modern EW systems

14:20

Presentation

14:40

Presentation

Johan du Toit, Bennie Jacobs,
Saab Grintek Defence
Dirk I.L. de Villiers, Ngoy
Mutonkole, Stellenbosch
University
Christopher A. W. Vale, Alaris
Antennas

15:00

Presentation

15:20

Sponsor slot

C.A. Nel, D.A. Botes, H.
Coetzee, GEW Technologies
Ulrich Jakobus, Altair
Engineering S.A.

Challenges in the development of wideband DF
antenna elements
Future vision of electromagnetic simulation at
Altair

15:35

Coffee

Ultra-high efficiency phased arrays for astronomy,
remote sensing, and satellite communications
The Square Kilometre Array project

Optimising the SKA-mid optics performance
The SKA and interference: Preserving pristine
conditions for science

Modelling of antenna radiation patterns

Wide band dual polarised patch topology with
high port-to-port isolation and its implementation
in an easily manufacturable planar array
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16:10

Session

Riana H. Geschke

Microwave and millimeter wave devices

16:10

Presentation

GNSS antenna design for harsh environments

16:30

Presentation

16:50

Presentation

17:10

Presentation

Neil Kruger, Eddie C.
Grobbelaar, Pieter Rossouw,
Iedrus Jacobs, Denel Dynamics
Petrie Meyer, Elmine Botes,
Shamim Nassar, Satyam
Sharma, Stellenbosch
University
Riana H. Geschke, University of
Cape Town
Tinus Stander, University of
Pretoria

17:30

Banquet

29Jul
08:30

Day 2 of 2
Session

Johann W. Odendaal

08:30

Presentation

08:50

Presentation

09:10

Presentation

09:30

Presentation

09:50

Sponsor slot

Louis Botha, Kevin Kloke, Johan
Smit, Celma Kitching, CSIR
Ciara Pienaar, Monique
Pienaar, Johann W. Odendaal,
Johan Joubert, University of
Pretoria
Gordon Mayhew-Ridgers, Paul
A. van Jaarsveld, Vodacom
Marnus J. van Wyk, Frans J.C.
Meyer, EMSS Consulting
Arnab Bhattacharya, Computer
Simulation Technology

Microwave and millimeter wave systems and
measurements
Recent antenna and microwave systems designed
at CSIR, DPSS for radar systems
RCS measurements and simulations

10:05

Coffee

10:40

Plenary

11:10

Session

11:10

Presentation

11:30

Presentation

11:50

Presentation

12:10

Presentation

12:30

Sponsor slot

12:45

Lunch

14:20

Multilayer and tunable microwave filters

V-band calibration and measurement for planar
circuits
Challenges in mm-wave microelectronics and
packaging for 5G and space
A reception starts at 17:30 at the manor house,
please join in immediately or during 17:30–18:30;
dinner follows later.

Considerations for cylindrical near-field
measurements on cellular base-station antennas
Dosimetry work in South Africa over the past 25
years
System-level antenna simulation

Peter de Maagt, European
Space Agency, the Netherlands
D. W. O’Hagan

Manufacturing and testing antennas and quasioptics for space terahertz instrumentation
Radar systems

W. Steyn, Reutech Radar
Systems
D. W. O’Hagan, University of
Cape Town
Nolan van Heerden, Garmin
Southern Africa
Johan Colyn, Henri Johnson,
Flightscope
Darren Nicholls, Concilium
Technologies (Pty) Ltd

Development of a bullet-proof radome for an Xband radar
Overview of passive radar

Session

Arnold De Beer

Electromagnetic compatibility and interference

14:20

Presentation

14:40

Presentation

Arnold De Beer, University of
Johannesburg
P. Gideon Wiid, Stanley O. Kuja,
Temwani J. Phiri, M. de Beer,
Joely A. Andriambeloson,
Stellenbosch University

On differential to common mode conversion in
electrical circuits
MeerKAT telescope coupling investigations

Taking RADAR to the consumer market
Radar vs. camera technology in sport
The evolution of test and measurement tools in
aerospace and defence research
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Paul S. van der Merwe, Braam
Otto, MESA Solutions
Robert R. van Zyl, Robert
Lehmensiek, Susan Maas, Cape
Peninsula University of
Technology, Samuel Booysen,
Etse Electronics

EMC complexities of renewable energy and the
Square Kilometre Array
Microwave and EMC research activities in the
CPUT nano-satellite programme

Session

Thomas J. Afullo

16:10

Presentation

16:30

Presentation

16:50

Presentation

Thomas J. Afullo, University of
KwaZulu-Natal
Alireza Baghai-Wadji,
University of Cape Town
Albert A. Lysko, CSIR

Propagation, field theory and spectrum
management
Current status of radio-climatological modelling in
Southern Africa
Near-fields: Gems shrouded in infinities

17:10

Closing

17:15

End

15:00

Presentation

15:20

Presentation

15:40

Coffee

16:10

Matthys M. Botha,
Stellenbosch University
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CSIR work in television white spaces (TVWS) and
dynamic spectrum and a bit on antennas

Session ― Plenary presentation, day 1

Ultra-high Efficiency Phased Arrays for
Astronomy, Remote Sensing, and Satellite
Communications
Karl F. Warnick
Department of Electrical and Computer Engineering
Brigham Young University, Provo, Utah, USA
warnick@ee.byu.edu
For most terrestrial wireless communication systems, the signal environment is dominated by
ambient noise and interference, which means that improving the efficiency of the antenna does not
increase performance much. When the signal comes from the sky (e.g., radio astronomy, satellite
communications, and passive remote sensing instruments), the situation is very different. High
aperture efficiency, radiation efficiency, spillover efficiency, and low noise electronics become critical
to the performance of a receiver, and improvements of even a few tenths of a dB in efficiency can be
important to the success of a receiver system.
For high-sensitivity receiver applications, bent metal antennas (horns and parabolic dishes) are very
efficient and for the last century have been working just fine, but these kinds of receivers are “dumb”
and offer only a fixed beam pattern. To have more control over the beam and more flexibility in
selectively receiving signals of interest, we would like to use the smart antennas, phased arrays, and
adaptive antennas that are becoming prevalent in radar and terrestrial communications for
astronomy and satellite applications. Unfortunately, existing phased array technologies are
expensive, lossy, noisy, and most of all, inefficient, and are not competitive with standard reflector
antennas when applied directly to high sensitivity applications.
To resolve these issues, we have used numerical modeling, antenna design optimization, microwave
network theory, noise analysis, and array signal processing theory to optimize the design of highly
sensitive multiantenna systems. This work has produced some of the most sensitive phased arrays
and array feeds ever built. This presentation will tell the story of the research field of high sensitivity
phased array receivers and show how recent results are enabling new sensors, satellite receivers,
and scientific instruments around the world.
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Session ― The Square Kilometre Array project

The Square Kilometre Array – Phase 1 and
beyond
David B. Davidson1
1

Department of Electrical and Electronic Engineering, Stellenbosch University, South Africa,
davidson@sun.ac.za

The Square Kilometre Array is probably the most ambitious international mega-science project
currently in progress [1]. Originally mooted in 1991 as “The Hydrogen Array”, the project is fast
approaching the first construction activities. The telescope will be built in on two core sites in South
Africa and Australia, with later extensions spreading over much of Southern Africa on the one hand,
and Australia/New Zealand on the other. Presently, the overriding focus is on the final detailed
design for Phase 1 of the telescope, including the critical design reviews, scheduled for completion in
2016. This should permit construction to begin in 2018 and to be completed around 2023 - although
in a project of this scope, some delays are to be expected.
The SKA project relies heavily on several precursor instruments, including the South African KAT-7
and MeerKAT and the Australian ASKAP and MWA telescopes, as well as pathfinders such as LOFAR.
Following the 2015 re-baselining exercise, SKA Phase 1 will comprise two major components: SKA1mid, which will add around 130 SKA dishes to MeerKAT’s 64 dishes on the South African Karoo site;
and SKA1-low, a low-frequency sparse aperture array consisting of around 125,000 log-periodic
elements, to be deployed in Western Australia. The budget for SKA Phase 1 is presently set at around
650m euros.
SKA Phase 2, the build-out to the full square kilometre of receiving area will also include an entirely
new mid-frequency aperture array (MFAA) instrument, in addition to adding perhaps an order of
magnitude more antennas to the existing Phase 1 instrument. The dish component of SKA is well
known in the South African antenna engineering community, primarily due to MeerKAT - which has
had a very strong influence on the dish and receiver design of the SKA dish. However, although there
has been extensive work on prototypes for the Phase 2 mid-frequency aperture array (in particular in
Europe, via the SKADS program), this has only recently received much attention in South Africa, with
a prototype MFAA array recently developed by Gilmore [2]. In particular, a workshop on suitable
technology and scientific applications in early March 2016 brought around fifty engineers and
scientists from around the world together in Cape Town. One of the important outcomes of the
workshop was a proposal for an engineering prototype currently named MANTIS (Mid-frequency
Aperture array Transient and Intensity-mapping System). Such a system is intended to have collecting
area similar to a large dish (1500-2500m2) and should highlight the advantages of AA technology:
very wide fields of view; multi-beaming; fast pointing - and of course no moving parts. Science goals
include the transient radio sky, intensity mapping, pulsars and SETI.

References
[1] P. E. Dewdney, P. J. Hall, R. T. Schilizzi, and T. J. L. W. Lazio, “The Square Kilometer Array,”
Proceedings of the IEEE, vol. 97, no. 8, pp.1482-1496, 2009.
[2] J. Gilmore, “Design of a Dual-Polarized Dense Dipole Array for the SKA Mid-Frequency Aperture”,
PhD dissertation, Stellenbosch University, March 2016.
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Optimising the SKA-mid optics performance
Robert Lehmensiek and Isak Theron
EMSS Antennas (Pty) Ltd, Technopark, Stellenbosch, South Africa, lehmensk@emss.co.za

SKA-mid, part of the Square Kilometre Array (SKA) radio telescope, will be located in the Karoo region
of South Africa and will consist of reflector antennas with exceptionally sensitive receivers that cover
the frequency range 350 MHz to at least 13.8 GHz. Both the reflector system and all the receivers
need to be optimised in unison for maximum receiving sensitivity (the most important metric in radio
astronomy), but also limiting the sidelobe (SLL) and intrinsic cross-polarisations levels. Receiving
sensitivity is proportional to the ratio of the aperture efficiency and system noise temperature.
Offset Gregorian reflector topologies (as opposed to symmetrical and prime focus fed paraboloidal
systems) are used due to the absence of feeds and struts blockage, and strut scattering. A further
advantage of a dual reflector topology is that the reflectors can be shaped to improve the secondary
aperture distribution resulting in increased aperture efficiency and the feeds can be moved closer to
the sub-reflector reducing the edge illumination, i.e. spill-over noise contribution.
At least five frequency bands are envisaged to cover the entire SKA frequency band employing feeds
with different relative bandwidths and thus requiring different feed technologies with different feed
pattern responses over frequency. This, together with diffraction from the reflectors’ edges, will
cause changes in the dish’s pattern over frequency. All this needs to be taken into account in the
optimisation of the optics and the optimisation thus becomes a difficult multi-variable, multiobjective optimisation problem, considering also the electro-magnetic computational effort required
to analyse such a system. Several techniques were used to make the optimisation tractable [1].
In the end an exhaustive search of the entire optimisation domain determined the Pareto front of
maximum average (over frequency and tipping angles) sensitivity for a given average (over
frequency) second SLL - the first SLL is accounted for in the astronomy calibration and the near-in
SLLs are typically decreasing from the main beam. Limiting the SLL then determined an optimal
choice for the reflector system.
For the purpose of designing the reflector system, feeds were initially optimised on classical conic
section (unshaped) reflector systems and then re-optimised for the final shaped reflector system
using global search algorithms.

References
[1] R. Lehmensiek, I. P. Theron and D. I. L. de Villiers, “Deriving an optimum mapping function for the
SKA shaped offset Gregorian reflectors,” IEEE Trans. Antennas Propag., vol. 63, no. 11, pp. 46584666, Nov. 2015.
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The SKA and interference: Preserving pristine
conditions for science
Robert P. Millenaar1 and Carel van der Merwe1
1

Square Kilometre Array South Africa, Pinelands, rmillenaar@ska.ac.za, carel@ska.ac.za

MeerKAT and the SKA are becoming a reality
A great scientific endeavour is taking shape in the Karoo: The 64-dish MeerKAT radio telescope is
being constructed, with scores of antennas coming on line in recent months. This precursor array is a
first but major step towards the Square Kilometre Array in South Africa. MeerKAT, augmented with
SKA1-Mid telescopes, will be the most sensitive centimetre wavelength telescope in the world. The
ultimate in sensitivity, however, comes with inherent susceptibility to radio interference. Having a
very radio-quiet site is a first prerequisite for such an instrument, and a range of measures is needed
to keep the environment conducive for first-rate science.

Quiet please
It is not too farfetched to compare the science and technology of radio astronomy with attempting to
hear whispered secrets from across a stadium packed with fans at game-time. Nature’s signal to
noise ratios in radio astronomy are already very small and chances of detection are worsened by any
interference mankind produces, whether they be intended transmissions or unintended by-products.
To cope with interference an observatory needs to:
• Preserve and protect the observatory site by regulating the radio transmissions in that area;
• Investigate the impact of interference on observations, so the risk of reduced sensitivity and
artefacts in amplitude, time and image domains are well understood;
• Design for tolerance of interference such that useful data can be obtained in the presence of
unavoidable sources of interference;
• Prevent self-pollution of the telescope (EMI), by setting strict rules and specifications for all
elements of the complex installations and instrumentation at the observatory.
In this presentation we will concentrate on the first and last aspects. Preserving and protecting the
radio astronomy site is the responsibility of the observatory, government agencies and the local
population, whereas the prevention of self-pollution is a prime concern for the observatory. A
selection of measures are discussed in the presentation:
• The establishment of radio quiet zones through the Astronomy Geographic Advantage Act
(AGA);
• Controlling and coordinating licensed spectrum users, such as mobile communications (GSM)
and broadcasting;
• Provision of alternative communication options for locals;
• Strict interference policies at the site for personnel and visitors;
• Strict EMC standards, qualifications and procedures at the site.

References
[1] R.P. Millenaar, “The SKA and the battle against radio interference”, APEMC2013 Melbourne,
Australia.
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Session ― Computational electromagnetics and modeling

Developments in mesh-based physical optics for
scattering analysis
Matthys M. Botha1 and Dao P. Xiang1
1

Department of Electrical and Electronic Engineering, Stellenbosch University, South Africa,
mmbotha@sun.ac.za

The physical optics (PO) approximation is widely used for the analysis of electromagnetic scattering
by electrically-large, perfectly conducting objects. When only taking a single reflection into account,
it is referred to as the single-reflection PO (SRPO) method. It has also been formulated to take
multiple reflections into account, which is referred to as the multiple-reflection PO (MRPO) method.
The main computational tasks when running a PO solver are shadowing determination and field
calculation. An overview of recent progress with accelerating mesh-based PO analysis (as opposed to
CAD-based), is presented. Two aspects are considered.

Efficient SRPO shadowing determination
The visibility status of the centre point of each edge in a mesh of triangle elements must be
determined, when using edge-associated, RWG basis functions to represent the induced current.
Visibility status refers to whether a point is obscured by another element, as viewed from the source.
A naïve approach would result in computational time scaling of 𝒪(𝑁 2 ), where 𝑁 denotes the number
of mesh elements. Using a field-of-view buffer-based approach, this can be reduced to 𝒪(𝑁), but
care must be taken to deal effectively with grazing incidence and mesh-inhomogeneity. A new
hierarchical shadowing algorithm has been developed, which is very stable and efficient.

MLFMM-based acceleration of the MRPO
For each successive reflection, the incident field upon each edge in the mesh due to the existing
current over the whole mesh, must be calculated. Conventionally, the computational time scaling for
this step would be 𝒪(𝑁 2 ). The multi-level, fast multipole method (MLFMM) can be used to
accelerate this step. This reduces the computational cost scaling of the MRPO to 𝒪(𝑁 log 𝑁), which
significantly expands its range of practical applicability.
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The Multilevel Fast Multipole Method in the
commercial code FEKO
Johann van Tonder1 and Ulrich Jakobus1
1

Altair Development S.A. (Pty) Ltd Stellenbosch, South Africa,
jvtonder@altair.co.za

The fast multipole method [1] is listed as one of the top 10 algorithms of the 20th century [2]. The
algorithm allows the product of particular structured dense matrices with a vector to be evaluated in
approximately O(𝑁 log 𝑁) operations, whereas direct multiplication requires O(𝑁 2 ) operations.
Coupled with advances in iterative methods for the solution of linear systems, O(𝑁 log 𝑁) time and
memory complexity solutions of problems are obtained that traditionally required O(𝑁 3 ) time
complexity and O(𝑁 2 ) memory complexity. The tremendous gain in efficiency and memory enables
the use of more sophisticated modeling approaches that, while known to be better, may have been
discarded as computationally infeasible in the past.
FEKO [3] is based on the Method of Moments (MoM) and was the first commercial EM simulation
software to utilise the multi-level fast multipole method (MLFMM) for the solution of electrically
large problems when it was released in FEKO Suite 4.2, June 2004. The MLFMM was already used
internally at EMSS from February 2003 to study electromagnetic fields radiated by mobile phones
inside vehicles.
The presentation will describe the MLFMM formulation and focus on the evolution of the method
over the past 13 years inside FEKO. Topics will include hybridisation (with the Finite Element Method
and Physical Optics), preconditioners (to improve the convergence of the iterative solvers) and
parallel implementation.

References
[1] L. Greengard and V. Rokhlin, “A fast algorithm for particle simulations”, in J. of Comp. Physics,
vol. 73, no. 2, pp. 325–348, 1987.
[2] https://www.siam.org/pdf/news/637.pdf
[3] FEKO, Comprehensive Electromagnetic Analysis Software Suite (part of Altair HyperWorks),
http://www.altairhyperworks.com/product/FEKO
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Session ― Computational electromagnetics and modeling

Covariance function construction for Gaussian
process modeling of antenna radiation
properties
J. Pieter Jacobs1 and Dirk I. L. de Villiers2
1

Department of Electrical, Electronic and Computer Engineering, University of Pretoria, South Africa,
jpjacobs@up.ac.za
2
Department of Electrical and Electronic Engineering, Stellenbosch University, South Africa

An overview is given of recent progress in the modeling of selected radiation properties of antennas
by means of Gaussian process (GP) regression. Two applications with widely differing modeling
requirements are considered, namely modeling of the gain patterns of a microstrip patch antenna on
a finite substrate/ground plane, where the substrate’s planar dimensions are allowed to vary; and
characterization of the highly oscillatory aperture efficiency responses of an offset Gregorian
reflector antenna system (these responses are particularly challenging to model). It is shown that GP
regression performs well with respect to both applications. Crucial to the model setup in each case is
specification of a suitable covariance function, which is instrumental in defining the GP prior
distribution. In the case of the proof-of-concept experiment involving the Gregorian reflector system,
it is shown that use of a quasi-periodic covariance function, in conjunction with a judicious selection
of training input points, can result in significant savings in the amount of training data required on
the whole (training data are typically obtained from computationally expensive full-wave
simulations). Notably, contiguous response cycles containing no training points could be predicted
with high accuracy – a result not achievable using standard covariance functions previously
incorporated in antenna GP modeling.
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Session ― Antennas

Sinuous antennas for modern EW systems
Johan du Toit and Bennie Jacobs
Saab Grintek Defence, Antenna Department, Centurion, South Africa,
johan.dutoit@za.saabgroup.com

The sinuous antenna is a frequency independent, log-periodic structure where the frequency limits
are defined by the inner- and outer diameters of the antenna. The majority of designs use single
mode, planar four-arm printed geometries that results in two isolated, orthogonal, linearly polarized
outputs. To achieve multi-octave unidirectional operation the antennas usually also require
absorptive cavities. The addition of a 3 dB 90° hybrid coupler is also often used to transform the two
linearly polarized outputs to two circular polarized outputs, one left hand- and one right hand
polarized. The result is an antenna with dimensions and performance very similar to that of
traditional spiral antennas but with dual polarized outputs from a single antenna, which can be a
significant advantage in many modern Electronic Warfare systems.
The first sinuous antenna at Saab Grintek Defence was built in 1996 and was used for polarization
analyses of 2-18 GHz radar signals in a spinning direction finding system. However, because of the
increased international demand for improved airborne electronic signals intelligence (ELINT) systems,
Saab Grintek Defence has over the last three year designed numerous other sinuous antennas. The
antennas range in diameter from 1” to 8” and are available in various frequency bands from 500 MHz
to 18 GHz. Implementation include switchable dual-linear antennas, shallow high gain single-linear
antennas, dual-circular antennas with internal coupled-line hybrids, and dual-linear reflector antenna
feeds.
The presentation will go into more detail regarding the advantages of sinuous antennas in different
application over other wideband antennas like spiral antennas and log periodic dipole arrays. It will
also show some of the design difficulties associated with the extra complexity resulting from the dual
polarization and the hybrid implementation. The photograph below shows some of the sinuous
antennas produced at Saab Grintek Defence.
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Modelling of Antenna Radiation Patterns
Dirk I.L. de Villiers and Ngoy Mutonkole
Department of Electrical and Electronic Engineering, Stellenbosch University, South Africa,
ddv@sun.ac.za

In this talk we discuss some recent advances in the efficient modelling of antenna responses. Specific
attention is given to the modelling of the radiation patterns – both as a function of frequency, as well
as a function of the geometric parameters describing the antenna.
The underlying method is the Characteristic Basis Function Method (CBFM) [1,2], where the antenna
pattern at a specific position in frequency or the parameter space is composed of a weighted sum of
a (limited) set of patterns at different positions in the space. This allows the very compact storage or
fast prediction of radiation patterns of a specific antenna over a large parameter space – very useful
for antenna optimization problems.
The talk will take an overview format, first describing the basic formulation, and then presenting
several examples of how it can be used. These examples include wideband modelling of reflector
antenna patterns [3], some examples of geometric variations of antennas [4], as well as an adaptive
sampling scheme for the method [5].
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Wide band dual polarised patch topology with
high port-to-port isolation and its
implementation in an easily manufacturable
planar array
Christopher A. W. Vale1
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Introduction
The literature provides innumerable examples of patch antenna topologies with many of them
serving very specific needs or answering specific implementation scenarios. Such a wide range of
topologies provides options to the designer to draw from based on the specific design requirements.
To add to the toolbox, we present yet another topology of this type which is specifically tailored to
wide band, dual polarised applications with high port to port isolation. Of potential interest is the
way the topology allows for a moderately low cost and low complexity implementation using a pair
of printed circuit boards separated by an air gap. The original intent of the topology was to support a
low tech, but reliable, large scale manufacturing effort and it seems particularly suitable for this.

The topology
The lower PCB in Figure 1 supports a ground plane, (featuring slots that feed one polarization) etched
to the top side of the board and shielding the feed networks for both polarisations behind the
ground plane. The upper PCB supports patch radiators etched on the bottom side of the board so
that the patches and ground plane are separated only by air. The top side of the upper PCB supports
etched strips that couple to the patches to feed the second polarisation. Each coupling strip is fed
using a pin feed from the feed network below the ground plane and passing through clearances in
the ground plane and patch radiators. The assembly of an array requires soldering for the feed pins
only on both outer faces of the structure after suitable support spacer pillars have been used to
secure the PCBs.

Figure 1: Single patch topology

Performance
A commercially produced 64-element equal array utilizing this topology accomplishes an impedance
bandwidth of 29% (VSWR < 2:1) and provides a port to port isolation in excess of 35dB, whilst
yielding a realized gain of 20dBi across the band.
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Challenges in the development of wideband DF
antenna elements
C. A. Nel, D. A. Botes and H. Coetzee
GEW Technologies (Pty) Ltd, Pretoria, South Africa, cnel@gew.co.za

Abstract—Direction finding systems face increasingly difficult challenges in the modern tactical
environment. Increased frequency coverage, multipath problems and accuracy requirements all pose
significant challenges to direction finding antennas. This presentation will discuss some of the more
interesting design challenges, and our suggested solutions. In the development of our latest DF
antenna array, we used ultra-wideband spirals and wideband Vivaldi antennas. An ultra-wideband bicone antenna is also used as reference for the DF system.
The basic requirement of the DF array is to cover a frequency range of 20 MHz to 9.5 GHz using 9
elements with a wideband reference antenna. The size constraint on the antenna also dictated that
we would have to implement the array using only two bands. For the 20 MHz to 3.6 GHz band,
Vivaldi antennas are used, while the SHF section will be covered by spiral antennas.
The presentation will discuss a new spiral antenna equation, and the various techniques that were
employed to manufacture these very wideband antennas. The DF requires clean and well behaved
antenna patterns. A new spiral antenna form was developed in order to minimize axial ratio and to
present a constant impedance across frequency. We also developed new manufacturing techniques
using 3D printed absorbers to facilitate easy and repeatable manufacturing.
A compact but ultra-wideband Vivaldi element that can switch between active and passive modes
was developed. The active antenna mode is required to extend the antenna performance to low
frequencies. The technique was employed in both the Vivaldi DF elements, as well as in the
wideband bi-cone reference antenna.
The final part of the presentation will be an overview of GEW Technologies’ antenna development
infrastructure. This includes our anechoic chamber as well as some novel test antennas that we
developed to be able to measure at low frequencies in the anechoic chamber.
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GNSS antenna design for harsh environments
Neil Kruger, Eddie C. Grobbelaar, Pieter Rossouw and Iedrus Jacobs
Denel Dynamics, Centurion, South Africa
neil.kruger@deneldynamics.co.za

The design challenges of a GNSS antenna assembly for harsh environmental conditions with a specific
focus on high temperature conditions are discussed. Although GNSS antennas and devices are
commercially available in all shapes and sizes today, from time to time the need for custom solutions
in niche environments still arises.

Introduction
Global Navigation Satellite Systems (GNSS) are used for position, navigation and timing. The first
GNSS system became initially operational in 1993 and fully operational in 1995. Since then 3 more
GNSS systems have come into development or operation. GNSS Receivers and applications have
been evolving ever since and today are commercially available and used in everything from aviation
to precision agriculture to the mobile devices we carry in our pockets. The applications are
numerous.

The Design Challenge
The system requirement is to design a GNSS antenna assembly, to receive the maximum number of
satellites signals at the highest SNR achievable, housed in the smallest possible package and able to
withstand extreme temperature conditions.
The RF design challenge is to develop a dual constellation (GPS & GLONASS) active GNSS antenna
assembly, packaged, EMI shielded, but optimized for limited heat transfer to the RF Front End. The
antenna field of view is to be optimized for maximum visible sky in a limited space available and the
assembly is to survive temperatures of more than +250°C for a limited duration of time.
Commercial-off-the-shelf (COTS) components and materials are to be used as far as possible. For the
antenna self, an in-house design or COST solution is possible. The radome can be flat, curved or a
(partial) sphere. In this case the radome is to be curved to add complexity to the radome design.
The radome flexibility and temperature requirement tend to be opposing characteristics, depending
on the material of choice.

Conclusion
The design is achieved using fundamental principles, simulation tools and empirical testing. The end
results are an antenna assembly that can survive exposure to very high temperature conditions.
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Multilayer and Tunable Microwave Filters
Petrie Meyer, Elmine Botes, Shamim Nassar and Satyam Sharma
Department of Electrical and Electronic Engineering, Stellenbosch University, South Africa,
pmeyer@sun.ac.za

The past decade has seen a marked increase in the interest in inexpensive, reconfigurable microwave
filters. Multilayer technologies have emerged as one of the key technologies in reducing size, cost
and weight, with especially the Surface Integrated Waveguide technology (SIW) becoming very
popular. This type of planar technology also allows for easy integration with switching elements such
as PIN diodes, and tuning elements such as varactor diodes.
In terms of multilayer topologies, the challenge is to find planar resonator structures with low loss
and small size, while for tunable filters, the challenge is in the structure and biasing of high order
filters.
This paper will focus on advances in multilayer resonant structures, as well as topologies which allow
simple tuning and biasing circuits.
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V Band Calibration and Measurement for Planar
Circuits
Riana H. Geschke
Department of Electrical Engineering, University of Cape Town, South Africa
riana.geschke@uct.ac.za

Removable and re-usable connectors are a very cost effective way to perform measurements for
single or multilayer planar circuits. Measurements in the upper range of the IEEE V band require
either the use of 2.4 mm or 1.85 mm precision connectors. The downside is that these connectors do
introduce considerable loss and the transition effects often dominate the features of measured Sparameters.
Options for calibration are simply using an ECAL (Electronic Calibration Unit) or a mechanical SOLT
calibration, but this does not allow the elimination of the connector transitions. A TRL (Through–
Reflect-Line) calibration, or similar, in theory allows the removal of the transitions, provided the
connections are repeatable. This presentation considers the repeatability of connector attachments,
and then compares measurements between ECAL and TRL calibration. Practical considerations
arising during single and multilayer planar circuits are discussed.
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Challenges in mm-wave microelectronics and
packaging for 5G and space
Tinus Stander
Carl and Emily Fuchs Institute for Microelectronics, Dept. EEC Engineering, University of Pretoria,
South Africa, tinus.stander@ieee.org

Millimetre-wave receivers (30 – 110 GHz) have found widespread terrestrial commercial application
in passive imaging and automotive RADAR due to the compact size and sharp resolution over short
distances. However, attention is turning to the underutilised mm-wave spectrum for future
communications applications, both terrestrial (such last-mile fiber replacement or fronthaul
communication for 5G networks) and extraterrestrial (inter-satellite communications). With the
increase in usage / users of the millimetre-wave spectrum usage comes the new challenge of
regulating and utilising the spectrum efficiently. This requires novel, high-quality devices and design
techniques. Furthermore, if low-cost ubiquitous network nodes and cost-effective integration is to be
achieved, it is imperative that such systems be developed for compact, low-cost prototyping and
production. In the case of satellite deployment, accurate modeling and monitoring of ionizing
radiation induced damage is a further challenge.
This talk highlights some of the challenged faced by millimetre-wave design engineers for these
future applications, as well as showcase some recent solutions [1]–[9] that promise to provide
answers to some of these challenges.
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Recent antenna- and microwave systems
designed at CSIR, DPSS for radar systems
Louis Botha, Kevin Kloke, Johan Smit and Celma Kitching1
1
CSIR, DPSS, South Africa, lbotha@csir.co.za

Common Radar Building Blocks
We have decided to develop some common building blocks for use in radar system at the CSIR, DPSS.
The reasons for doing this are:
• The cost of ad-hoc- developed RF subsystems (using connectorised components) is getting to
be prohibitive as a percentage of system cost
• The size and weight of such subsystems is not suitable for airborne use
• The development time required for RF subsystems is often limiting the response times
required by our clients
The following building blocks are in the process of being developed:
• A C-band RF front end that includes protection, LNA and STC functions
• A P- to X-band (band selected at build via selection of filters) receiver that can be a single- or
dual heterodyne
• A P- to X-band exciter with a similar architecture to the receiver
• An oscillator module that includes two independent synthesizers, of which one includes a
DDS function, as well as the ability to lock to a GPS-supplied frequency standard
• Support modules such as backplanes and power supplies
More detail of these building blocks will be supplied.

Transmit Array
A flexible modern- yet low cost C-band phased array transmit antenna to meet the needs of various
experimental radar systems by being low cost, easy to use, modular and scalable is currently in
development at DPSS that will enable future phased array radar research and enable new radar
systems to be developed with associated advantages. These advantages are of specific local interest
as they could include:
• Improved multiple target tracking and track-whilst-scan radars to give reduced minimal
detectable velocity to improve the detection of slow moving targets
• Low cost border surveillance radars that could allow improved target classification
• Local AESA surveillance radars
• Improved target detection and classification capabilities (due to flexible dwell and revisit
times)
• Optimised phased array aerostat radar antennas that could be lower weight than currently
considered concepts
A matching receive phased array panel is also in development that will, together with the transmit
array, enable novel radar systems to be developed at DPSS in the near future.

RCS Validation

For the purposes of validation of the Sigmahat RCS code developed at CSIR, DPSS during the last few
years, a set of measurements has been done using our MecORT radar calibrated for RCS. The same
aircraft used for the measurements was also laser scanned to a very high fidelity and accurate high
fidelity models of the aircraft were built for comparing the RCS. The proper validation of Sigmahat
can now proceed.
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RCS Measurements and Simulations
Ciara Pienaar1, Monique Pienaar1, Johann W. Odendaal1 and Johan Joubert1
1

Department of Electrical, Electronic and Computer Engineering, University of Pretoria, South Africa

This presentation will give an overview of recent Radar Cross Section (RCS) activities, viz.
measurements, simulations and validations preformed at the University of Pretoria. Results will be
presented for an active RCS calibration target developed for the calibration of in-field radar systems
as well as bistatic RCS measurements [1, 2]. Various numerical techniques will be compared against
measured results obtained in the compact range. Measured results of a realistic scale model of a
large complex target were used to validate the performance of the numerical techniques [3].
Preliminary results comparing simulated and measured data for canonical structures of lossy
dielectric materials will be presented. Finally some results will be presented comparing bistatic RCS
simulated and measured results for conducting canonical structures.
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Considerations for cylindrical near-field
measurements on cellular base-station antennas
Gordon Mayhew-Ridgers and Paul A. van Jaarsveld
Vodacom (Pty) Ltd., Midrand, South Africa,
gordon.mayhew-ridgers@vodacom.co.za

During recent years, a cylindrical near-field antenna test range for cellular base-station antenna
measurements was developed by the current authors [1]. While some very comprehensive references on this topic are available in the open literature [2], there are still a number of considerations for cylindrical near-field measurements (specifically related to cellular base-station antennas)
that are not always sufficiently addressed. For example, given that modern cellular base-station
antennas are mostly ±45° slant-polarised, there could be benefits in using a probe that is rotated to
align with these polarisations rather than using the conventional probe orientations. Also, if only the
antenna gain along the main beam is of interest, it could be sufficient to measure the near field at a
significantly reduced set of points with a probe that is polarisation-matched to the antenna under
test. A further consideration is whether the gain-transfer method would be more accurate than a
direct gain measurement with a calibrated probe. These possibilities and choices are not necessarily
apparent and therefore warranted more detailed investigation.
When considering methods to speed up the measurement process, the use of multiple probes is
a possible alternative. Most multi-probe systems employ probes that are assumed to be identical. It
can however be shown that full probe correction is still possible with entirely different probes. This
can be achieved by performing a cylindrical-mode expansion on each ring of measured near-field
data in turn and then using superposition to obtain the resulting modal expansion. Figure 1 illustrates
a simulation model where two different sets of dipoles are employed to scan alternative near-field
rings around a slant-polarised panel antenna. Figure 2 shows that the far-field elevation patterns
obtained from the near-field (NF) samples compare extremely well with the reference (Ref) far-field
patterns.
Probes

Antenna under test

Fig. 1. Simulation model.

Fig. 2. Simulated far-field patterns.
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Dosimetry Work in South Africa
over the past 25 years
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The University of Stellenbosch in South Africa has, since the late 1980s, had a strong research group
in the field of electromagnetics. Initial studies involved measurement techniques and the interaction
of electromagnetic fields with materials, in general. In the early 1990s the research group was
expanded to include numerical electromagnetics. One of the early applications was dosimetry, and
specifically the assessment of human exposure to radio-frequency fields in the military environment.
Specific Absorption Rate (SAR) assessments were initially limited to two-dimensional cross-section
studies due to limitations in computer power and memory at the time.
EM Software & Systems (EMSS), founded at the end of 1994, by PhD graduates from the University of
Stellenbosch, took the work further. A dosimetry measurement lab was established with the main
purposes of validating results obtained with the numerical dosimetry tools developed by EMSS. Initial
work focused on human exposure to mobile phones. At this time, the Finite Element Method (FEM)
and Method of Moments (MoM) were implemented in the commercial tool FEKO developed by
EMSS. Most international researchers at the time were using the Finite Difference Time Domain
(FDTD) technique.
In early 2001 the EMSS research group partnered with the group at the University of Victoria. The
hybrid MoM/FEM technique was expanded and applied to human exposure to base station
antennas. The work lead to some novel numerical solution algorithms which made the solution of full
body human phantoms at GSM frequencies possible. During this phase, measurements in the EMSS
lab were also performed inside homogeneous full body human phantoms exposed to generic as well
as commercial base station antennas. Again these measurements were done for verification of
numerical techniques. The work highlighted the limitations in accuracy with which numerical SAR
assessments can be performed, with human bodies very close to real-world antennas.
Over the past few years the dosimetry work changed focus from SAR assessments to field
assessments. Ray tracing algorithms were implemented and highly optimized in the commercial code
IXUS. The application is fast, efficient and accurate assessment of human exposure to multiple basestation antennas, typically found at complex rooftop sites in mobile networks. Again results obtained
with the numerical techniques were extensively validated by comparison to on-site measurements.
Together with this, a comprehensive site survey program throughout South Africa at thousands of
base station sites, resulted in one of the largest collections of human exposure data.
To conclude, a short overview will also be given of the current state of selected international
dosimetry activities.
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Manufacturing and Testing Antennas and Quasioptics for Space Terahertz Instrumentation
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Several Earth observation instruments and astronomical missions which use millimetre and
submillimetre wavebands, have been developed or are being planned by ESA. These instruments
have many commonalities in their design and construction techniques. One of the issues that the
above missions have in common is that they require state-of-the-art technology to achieve their
ambitious goals; the highest resolution, the highest sensitivity, the highest frequency of operation.
Although technology is advancing at a rapid pace in this frequency range, the requirements for these
instruments go well beyond those of related existing (sub)millimetre wave instruments. This has
resulted in the need for new antenna configurations and in the refinement of existing configurations
and technologies for top performance. Furthermore, it has to be recognized that there are also no
standards or calibration reference sources in this field which complicates the procedures to verify the
RF performance under flight conditions.
Antenna performance is a critical aspect in millimetre-wave and submillimetre-wave limb sounding,
since it determines the resolution and accuracy with which the concentration profiles of atmospheric
species can be retrieved. Antenna performance is also a critical aspect of millimetre-wave and
submillimetre-wave astronomical missions. For pointed observatories, which seek to map point-like
or not very extended objects, the emphasis is then on beam efficiency and the control of main beam
shapes. For survey missions, the level of far side lobes also becomes very important and in some
cases this exerts a critical influence on the success of the mission.
The paper will discuss a range of THz applications and will present the antenna, their feed assemblies
and quasi-optical components and systems that are utilized for the frequency region.
It will also highlight the procedure that had to be adopted in order to verify RF performance under
flight conditions. ESA’s Herschel and Planck observatories will be used as an example to highlight
some of the hurdles that had to be overcome for verification of flight-performance.
Some scientific results that have been obtained from the recent missions will also be shown.
Upcoming mission will be discussed.
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Development of a bullet-proof radome for an Xband radar
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Reutech Radar Systems recently developed an X-band FMCW radar sensor for an Active Protection
System for armoured vehicles. The sensor provides accurate range, azimuth, elevation and velocity
information of an incoming projectile to a system that fires a countermeasure at the projectile in
order to neutralize the threat in flight. The sensor provides 90 degrees azimuth coverage and 70
degrees elevation coverage over a fractional bandwidth of almost 20%. For FMCW operation the
isolation between transmit (TX) and receive (RX) antennas must be more than 45dB.
One of the requirements of the sensor is that it should provide ballistic protection against small arms
fire. This is not a trivial requirement since such ballistic protection is typically provided by materials
that have poor dielectric properties at 10GHz that would certainly have an impact on the sensor
angular coverage and TX-RX isolation. One exception we have found is Dyneema. It is a material that
is used in body armour and is made from woven layers of Polyethylene strands that have good
dielectric properties.
Dyneema was chosen as the core material of the radome. Artificial dielectric matching layers were
designed and manufactured. Near-field antenna measurements and ballistic tests were performed
and the radome complied with the requirements even at temperature extremes of -40°C and 65°C.
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Overview of Passive Radar
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An overview of bistatic and multistatic radar will be provided. The topic of Passive Radar will receive
particular attention. Passive Radar uses illuminators of opportunity to illuminate targets of interest
and these sensors are used for platform (e.g., aircraft) surveillance applications. Illuminators of
opportunity are pre-existing transmitter infrastructure such as FM radio and Digital Video Broadcast
(DVB). The attributes of various illuminators will be considered. Passive Radar has numerous
advantages over conventional, active monostatic radars – in particular they do not require additional
spectrum allocation. From a military perspective, Passive Radar provides sensor sanctuary and high
tolerance to electronic countermeasures (ECM) because it is exceedingly difficult to determine the
location of the receiver.
This overview will develop the theory of Passive Radar, discuss system realisation and consider
applications.
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Taking RADAR to the Consumer Market
Nolan van Heerden
Garmin Southern Africa, Stellenbosch, Republic of South Africa

RADAR technology has been used with great success in the military, marine, aviation, industrial and
automotive markets. The widespread use of RADAR in the consumer market, however, has been
limited. In 2015, Garmin rolled out one of the first low-cost FMCW RADAR products to the consumer
market in the form of the Garmin Varia Rearview Bike Radar. We share the journey and challenges of
taking RADAR to the consumer market. We also take a high-level look at the technology drivers that
look set to trigger an explosion of RADAR-enabled consumer products.

33

Session ― Radar systems

Radar vs. Camera Technology in Sport
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Sensor technology in sport went through a rapid growth phase over the last 5 years.
The market is generally split into three segments. In the consumer market both radar and camera
based products are used for both ball and club measurements. Radar equipment is mostly used in
the middle market segment, mainly consisting of sport coaches, club fitters and professional
sportsmen. Camera based systems also entered this segment over the last two years. Camera
systems as well as radar systems provide solutions to the top end of the market, covering live sports
events.
Radar and camera solutions therefore seem to compete quite fiercely for providing the “ultimate”
solution in sport. Do these technologies really need to be seen as opposition or is there perhaps
another solution.
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On Differential to Common Mode Conversion in
Electrical Circuits
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Surprisingly, very few articles or textbooks address fundamental mechanisms of signal conversion
from Differential Mode (DM) to Common Mode (CM) (or vice versa) in electrical circuits. Even though
this is an important process in EMC. Understanding and knowing the CM current flow in a system is
important for various reasons:
• It is the prime current in the mechanism for radiation (typically < 1GHz) and therefore
determines the Electromagnetic Compatibility (EMC) of a radiating network. For example
radiation from power and digital electronics.
• Conduction of noise (from sources such as DC-DC converters or LED lamps) often happens in
CM.
• Even in Power Line Communication (PLC) Systems the common mode is actively used as a
signal.
Theorems explaining DM to CM conversion are divided into whether a system is electrically short
or long:
• For electrically short systems (which can be modelled as lump circuits) the so called
Imbalance Difference Model (IDM) can be used.
• For electrically long systems (which can be modelled as transmission lines) Multi-Conductor
Transmission Line (MTL) theory can be used.
In this presentation the IDM will be explored to fundamentally explain DM to CM conversion in an as
simple as possible electrical network. This model was first put forward by Watanabe and used in PCB
and antenna radiation descriptions. It has however many applications such as explaining the
conversion process in power electronics to PLC. Examples of our current research incorporating
examples from power electronics and PLC will be shown and future developments discussed.
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Introduction
The MeerKAT telescope is currently under construction in the Northern Cape Province and will form
part of Square Kilometer Array (SKA). Electromagnetic compatibility (EMC) and radio frequency
interference (RFI) mitigation aspects have been rigorously considered and implemented throughout
the design of the 13.5 m diameter dish structures of MeerKAT. Research done by the Stellenbosch
University EMRIN (EMC & Metrology Research and INnovation) group aids in understanding and
quantifying the expected levels of induced coupling from RFI on these structures [1].

Electromagnetic Modelling and Measurements
With very high sensitivity of the telescopes, opportunities to do high frequency measurements for
RFI characterization on site are limited, especially within the telescope operational band.
Electromagnetic (EM) modelling using FEKO provides a viable alternative to physical measurements.
However, the EM model needs to be verified against measurement to ensure it is accurate. Scale
model measurements together with on-site measurements agree well to simulation [2,3,4].

Radio Frequency Interference Monitoring
Real-time continuous RFI monitoring coupled with RFI direction finding is imperative to ensure the
pristine radio quiet environment is retained. Whenever RFI is detected, it needs to be located and
mitigated as promptly as possible. Real-time transient analyzers are used together with hyperband
conical antennas designed by our group [5,6]. The hyperband characteristic enables accurate
measurements of transient signals and superior available dynamic range over a wider frequency.
Measured levels can be used in modelling to predict induced coupling on dish structure cabling.
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The Square Kilometre Array Project
The Square Kilometre Array (SKA) project is set to be the most sensitive radio astronomy receiver
ever constructed. Since 2006, MESA Solutions has been involved in EMC and radio frequency
interference (RFI) characterisation and mitigation for the South African Karoo Array Telescope (KAT)
project. With the project currently in its second phase of development, the integrity of the
Astronomy Geographic Advantage (AGA) area in terms of the management of environmental RFI and
self-generated emissions, have become the focus. To this end MESA has played an important role in
assisting SKA-SA in evaluating any new development within the greater AGA region in accordance
with [1].

Renewable Energy Development
The significant rate of development associated with renewable energy projects in the AGA region,
that could have direct impact on the SKA-SA project, has required continually evolving analysis
techniques to characterise their potential EMI impact. MESA’s approach consist of two aspects, the
first being EMI characterisation measurements of the plant, conducted and radiated, typically both in
the time and frequency domains. This allows the determination of continuous wave (CW) as well as
short-duration time varying or transient emissions. Transient events are particularly difficult to
analyse using only conventional superheterodyne-based spectrum analysis instruments. Digital
sampling oscilloscopes are more effective, but are typically very expensive for fairly limited analysis
bandwidth. MESA therefore makes use of a real time analysis instrument developed by its sister
company MESA Product Solutions. This instrument allows the capture of 750 MHz instantaneous
measurement bandwidth across a 2.7 GHz frequency range. A highly adjustable dynamic range helps
to characterise even low-level interference. The second aspect of MESA’s approach consists of
propagation analysis. For this we make use of SPLAT! which is an RF Signal Propagation Analysis, Loss
And Terrain analysis tool capable of handling frequencies between 20 MHz and 20 GHz. We use it to
determine the potential impact of measured interference from the renewable energy development
on the closest and core-site telescopes. It determines path loss and field strengths using the LongleyRice Irregular Terrrain as well as the new Irregular Terrain With Obstruction (ITWOM v3.0) model,
and is used to predict expected interference levels at the relevant sites for comparison to the limits
prescribed in [1]. Based on the potential impact, MESA is then also in the position to provide
mitigation recommendations that will help to reduce interference levels. Through a conservative
approach of measurements and propagation analysis, a client’s risk in term of compliance is
therefore quantified.
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The CPUT nano-satellite programme was established in 2009 and has evolved into the flagship
research and innovation focus area of the institution. The group developed ZACUBE-1, Africa’s first
operational CubeSat, which was launched in 2013 and is still being communicated with daily. A
particular strength of the Programme is its microwave and EMC niche areas. Nano-satellite radios
and antennas are developed in our innovation hub, the Africa Space Innovation Centre. These
solutions cover low and high bitrate transmitters and transceivers as well as antennas in the amateur
and commercial VHF-, UHF- and S-bands. The development of higher bitrate X-band solutions is
underway. In addition to the suite of radios for telemetry and data transmission, CPUT partners with
Etse Electronics and Stone Three to develop an automatic identification service (AIS) receiver for
ZACUBE-2, South Africa’s second CubeSat that will be launched in 2017. This payload will receive AIS
messages from ships at sea and serves as a technology demonstrator for a constellation of nanosatellites that will provide maritime domain awareness services in line with the South African
Government’s Operation Phakisa. The AIS receiver is based on software defined radio (SDR)
technology, which will also be used in future products to implement agile missions. The innovation
activities is underpinned by postgraduate research in active and passive microwave systems as well
as EMC, notably multi-layered substrate integrated waveguide components, low noise amplifiers,
satellite antennas and the establishment of a reverberation chamber EMC facility.

38

Session ― Propagation, field theory and spectrum management

Current Status of Radio-Climatological Modelling
in Southern Africa
Thomas J. Afullo
Discipline of Electrical, Electronic and Computer Engineering,
University of KwaZulu-Natal, South Africa
afullot@ukzn.ac.za
This presentation highlights the recent progress in the area of radioclimatological modeling
undertaken over Southern Africa. Over the past few years, continuous experiments and simultaneous
measurements are ongoing to understand the effects of precipitation for radio propagation at
microwave and millimetre-wave spectrum. These investigations are important for the future of
wireless communication as global efforts are being targeted at spectrum availability — at higher
portions of the microwave and millimetre-wave bands — for improved network service. In this
current effort, a new paradigm is approached in the interpretation and analysis of rainfall
measurements undertaken at two Southern African sites of subtropical and equatorial climate.
Firstly, the determination of critical diameters of rain drops responsible for total specific attenuation
of radio signals over South Africa and Rwanda, is presented. Thereafter, the novel approach of
queueing theory is applied in rainfall time series analysis, to determine the underlying characteristics
of rainfall process over radio links at these locations. From these diverse studies, it is established that
these Southern African locations clearly exhibit similar precipitation characteristics in terms of critical
diameters and semi-Markovian rainfall queues.
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A physics-based method for dealing with infinities in mathematical physics and modern accelerated
computating is presented. Infinities are ubiquitous in theoretical physics, computations, logic, and
philosophy. Consequently, infinities are not only computationally, but also ontologically and
epistemologically significant. The mere existence of these almighty “beasts,” and “sleeping dragons,”
signals that something is not quite right or completely understood in our conception of the
assumptions made in the accepted theories. Mathematically, the art of dealing with infinities is
referred to as the regularization or renormalisation. Ideally, infinities should be dealt with by
investigating their nature and “shapes,” rather than devising ad hoc techniques for merely coping
with them. In this presentation it is explained how infinities can be systematically and effectively
tamed by scrutinizing the structures of the underlying governing equations; i.e., the Poisson- and
Maxwell’s equations. While electrostatic fields and electrodynamic waves are the focus in this
discussion, it is gratifying to point out that the developed techniques are not limited to these fields
only. It is shown that they also apply to known governing equations in modern mathematical physics
in general; i.e., quantum electrodynamics, spin theory, as well as gravitational fields – thus
encompassing phenomena both in flat- and curved spaces. The primary motivation for this work has
been the development of robust, high-precision, and accelerated computational tools for the analysis
of material properties and the simulation of characteristics of small-scale devices at static, quasistatic, high- and ultra-high operating frequencies (see [1]-[2] for more recent results). A secondary
motivation has been the desire to uncovering the very nature of infinities. Thereby, insights gained
from the quantum electrodynamics and the general theory of relativity, have inspired the design of
algorithms for solving classical fields. The annihilation and creation of virtual particles in the vacuum
have also contributed to the formation of the ideas in the present theory. These concepts will be
briefly touched upon and made plausible. Pains are taken to render abstract notions obvious. The
anatomy of the near- and the far-field phenomena in computational electromagnetics is considered.
A systematic machinery for understanding and dealing with infinities is developed. Two
renormalization techniques, algebraic- and exponential regularization, are presented and explained
in terms of simple examples. The developed method is based on the diagonalisation of the governing
equations. A recent result, the formulation of “supplementary” equations, is also discussed. The
diagonalized- and the associated supplementary equations have enabled the construction of novel
expressions for the Dirac delta functions, which in turn have allowed zooming into the near-fields
and learning to tame infinities. The mode of discussion is mostly explanatory and largely graphical.

References
[1] A. Baghai-Wadji, “3-D Electrostatic Charge Distribution on Finitely Thick Busbars in Micro
Acoustic Devices: Combined Regularization in the Near- and Far-Field,” IEEE Trans. Ultrasonics,
Ferroelectrics, and Frequency Control, vol. 62, no. 6, pp. 1130–1144, June. 2015.
[2] A. Baghai-Wadji, “Dyadic Universal Functions and Simultaneous Near-field/far-field
regularization of Elastodynamic Dyadic Green’s Functions for 3D Mass-loading Analysis in Microacoustic Devices,” IEEE Trans. Ultrasonics, Ferroelectrics, and Frequency Control, accepted for
publication, June. 2016.

40

Session ― Propagation, field theory and spectrum management

Work in Television White Spaces (TVWS) and
Dynamic Spectrum and a bit on Antennas
Albert A. Lysko1
1

Meraka Institute, Council for Scientific and Industrial Research (CSIR), Pretoria, South Africa,
alysko@csir.co.za

There is a need for work around improving frequency spectrum utilization efficiency to support the
South African government targets of 100% broadband by 2020, with tough specifications stated by
the National Broadband Policy “South Africa Connect” (2014), e.g. each school needs Internet
connectivity of at least 10 Mbps. The research and development in our research group at CSIR
includes work on smarter antennas for wireless networking as well as advancing the spectrum
management to move from its current static approach towards dynamic spectrum management.
The work on smart antennas covers both physical beamswitching antenna design and development
of algorithms to control the direction of the beam in a wireless mesh network. Several prototypes
have been developed and demonstrated an increase in the throughput and reduction in latency 2-3
times on average, in a busy network scenario.
The work on dynamic spectrum management (DSM) allows for sharing spectrum, where the sharing
depends on spectrum availability at a specific location and interval of time, permitting reuse of
unused spectrum bands. This approach moves away from the approach used in the past, where the
spectrum was usually allocated and assigned on exclusive basis for decades.
We started with this work through compatibility studies and trials of television white space (TVWS)
technology. The TVWS refers to the reuse of ultra-high frequency (UHF) portion of TV broadcasting
spectrum to provide wireless communications without causing interference to reception of TV. The
reason for selecting this frequency band is because it is widely underused worldwide, and even less
used in rural Africa. For example, Sub Saharan Africa has 63% rural areas with almost entire UHF TV
band open. The CSIR has executed two large trials of TVWS technology, one in Cape Town in 2013
and another in Limpopo in 2014, and assisted in preparing and running a TVWS trial in Ghana in
2015. Overall, these trials provided fast speed Internet to over 20,000 users, with speeds as high as
12 Mbps, at distances up to 8 km. As per recent outdoor tests done in Pretoria in 2015, the latest
TVWS equipment permits 86 Mbps. Even faster speeds equipment is being introduced. At present,
CSIR is also working with the BITRI (Botswana Institute for Technology Research and Innovation),
Botswana in setting up TVWS research and development and a TVWS trial in Botswana.
There are two recent developments deserving special attention. South African spectrum regulator
ICASA (Independent Communications Authority of South Africa) has started official processes to
implement dynamic spectrum management. In November 2015, a document with a call for public
inputs was released, now followed by collection of the inputs and publication of a findings document.
Based on these, the DSM in South Africa may get commercial grounds within 1-2 years from now.
The second recent development is about a geolocation spectrum database (GLSD) developed by the
CSIR, which permits to automatically estimate and assign unused TV channels in UHF spectrum
nationally. This database has passed testing and recently been certified by the UK spectrum regulator
Ofcom and is among a dozen such databases in the world. At present, we are investigating the
application of the GLSD on sharing the spectrum between the TV broadcasting and LTE.
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