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6) Overview and Aims of the Research Project (300 words): 

Array antennas, including mid frequency aperture arrays (MFAA), as well as phased array 

reflector feeds (PAF), are attractive antenna alternatives for the second phase of the SKA 

project due to their high levels of flexibility.  However, designing high fidelity (high sensitivity, 

controlled sidelobes and cross polarization, etc.) array antennas with wide operating 

bandwidths (of more than an octave) remains a difficult problem. 

Given the wide range of science goals of the SKA, however, some trade-offs between different 

performance metrics of array antenna systems must be considered.  This is normally a difficult 

task since much of the information might not be available in detail beforehand. 

A solution to this issue is to perform formal multi-objective optimization (MO) of the antennas, 

so that the system engineer has access to the exact trade-off levels encountered for each 

antenna technology.  Traditional methods of performing such optimizations are 

computationally prohibitively expensive, due to the long simulation times of full wave solvers, 

and the very large number of evaluations required to properly explore the (often high 

dimensional) design space. Surrogate based optimization (SBO) is a technique well suited to 

solve such problems.  Here a coarse model is sought, which is fast to evaluate, but still 

relatively accurate and based on the physical fine simulation model.  A surrogate model is 

constructed by aligning the coarse and fine models in sub-regions of the design space – 

normally close to the desired optimum (or Pareto front in MO problems). 

The goal of this project is to develop surrogate models, for use in MO-SBO, specifically tailored 

to radio telescope array antennas. Once these models are available the full trade off space, or 

so called Pareto front, for all the performance metrics of the antennas may be calculated.  The 

Pareto fronts will provide quantitative information on the performance limitations of different 

technologies.   

7) Relevance of the research to the priority areas of SKA:  

The planned work seeks to provide a general design method tailored to designing array 

antennas for radio telescopes in an accurate and efficient manner.  Availability of such 

methods will significantly improve future design and optimization of array antennas by 

allowing much larger simultaneous design space exploration.  This will enable workers from 

all over to world to properly evaluate their ideas for antenna elements and configurations in 

a much faster timeframe, possibly leading to significant improvements in the performance of 

aperture and focal plane arrays for radio telescope applications.  This is exactly aligned with 

the SKA phase 2 (or what used to be called the AIP) goals. 

8) Research breakdown structure: 

a) Year 1 – The first year of the project will be dedicated to some advanced course work on 

fundamental antenna theory, as well as a complete literature study of current wideband 

feed technologies, surrogate based and multi-objective optimization.  Some background 

on SKA science requirements will also be researched, and these requirements matched to 

antenna performance parameters.  By end of year 1 a formal research proposal is required 



by the university describing the work to be completed in the PhD – this will be the main 

deliverable of the first year. 

b) Year 2 – This period will be dedicated to the extraction and evaluation of coarse models 

of the antenna types to be considered, and using these to construct the more accurate 

surrogate models to be used in the multi-objective optimization. Several methods are 

available, such as multi-fidelity simulations, characteristic basis function expansions, 

truncations in periodic type antennas, and modal analysis in waveguide antennas. The 

performance of each of the current available antenna modelling methods will be 

investigated, and possible new and improved methods developed.  Surrogate model 

alignment must also be performed, and to this end Gaussian regression and interpolation 

analysis as well as Space Mapping should be used as starting point. 

c) Year 3 – By this time the infrastructure for multi-objective optimization of the different 

antenna types should be in place, and the formal design process can be completed.  Some 

representative examples may be selected from the Pareto front of non-dominated 

solutions (which look most promising to meet the wide instantaneous bandwidth 

requirements of the SKA), and prototypes can be manufactured.  At least two stages of 

prototyping are normally required for PhD engineering work.  A large proportion of the 

time will be spent on writing journal and conference papers as well as the dissertation. 

9) Access to equipment required: A well-equipped, newly renovated and upgraded, antenna 

test range, as well as all the required software tools are available in house at Stellenbosch 

University.   
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