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FEIT Aerosol Microfluidics The development of microfluidic devices over the past couple of decades has led to a 
significant new range of analytical tools, both in chemistry and biology. Such tools are 
based on the confinement of liquid within microscopic channels, and can now be 
incredibly sophisticated 3D devices, with valves, heating elements, and a myriad of 
other components incorporated into their design.  
The goal of this project is to develop a similar platform to microfluidics, but with the aim 
of confining and monitoring airborne particles. These ‘aerofluidic’ chips will incorporate 
optical, electrical and magnetic confinement techniques, and look to harness cutting-
edge laser writing to create optical waveguides and channels in polymer substrates. 
The aim is a paradigm shift in the analysis of airborne particles, opening up disposable, 
low-cost devices that will allow a range of monitoring tasks to be carried out.  
The work will involve the development of the aerofluidic devices, making use of 
standard microfabrication techniques, integration of optical trapping and spectroscopy, 
as well as examining new methods for monitoring particles in such a device through the 
creation of built-in optical cavities. The challenges to be overcome include how to keep 
high-velocity liquid particles away from the walls of the device. The project is suitable for 
someone with a background in physics, photonics, analytical chemistry and 
electrical/electronic/mechanical engineering and related backgrounds. 

David McGloin 
David.McGloin@uts.edu.au 
 

FEIT Studying single 
aerosol nucleation 
using optical 
tweezers 

Ice formation in the atmosphere plays a significant role in many processes, including, 
for example, helping to keep the Earth cool by reflecting incoming solar radiation. A 
detailed understanding of the process at the single droplet level remains incomplete, 
however. In this project, the aim will be to develop single particle techniques to observe 
and probe droplet nucleation using optical manipulation and optical spectroscopy. It will 
involve the development of a cooling system that enables both homogeneous and 
heterogeneous freezing of microscopic and nanoscopic particles to be explored in a 
completely controlled environment. A focus will be on implementing optical manipulation 
techniques that can trap both transparent and opaque materials and on developing 
strategies to control the orientation of absorbing particles to facilitate contact nucleation 
studies. In parallel to this, the project will also examine freezing of bulk samples, 
including developing previous work on hydrocarbons and biofuel analogues, making 
use of Raman spectroscopy. It will also examine the ability of optical manipulation tools 
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to explore nucleation in microfluidic environments.  
The project is suitable for someone with a background in physics, photonics, analytical 
or physical chemistry and electrical/electronic engineering and related backgrounds. 
The project will involve the development of the optical manipulation and spectroscopy 
instrumentation. 

David McGloin 
David.McGloin@uts.edu.au 
 

FEIT Terahertz beam 
shaping 

The ability to dynamically control the shape of optical fields is now well established 
through the using of dynamic technologies such as spatial light modulators. This 
shaping has opened up a range of new techniques and applications in areas such as 
microscopy, imaging and holography. While technologies in the optical regime are now 
mature, those in the terahertz band are less well developed and this project seeks to 
explore techniques that might lead to dynamically controllable THz phase modulation in 
the future. The work will take place within the Photonics Laboratory at the UTS Tech 
Lab, a new, state-of-the-art laboratory facility, equipped with a range of optically and 
electronically generated THz sources, along with a range of rapid prototyping 
techniques. The project will focus on THz beam shaping, initially in the 0.1 - 0.5 THz 
region to enable prototyping of techniques to be carried out using 3D printing 
technologies. The work will focus on novel beam and polarisation shaping elements, as 
well as phase corrections for imaging through scattering media. In the second phase of 
the work, you will explore options for dynamic shaping of the THz beams and start to 
work on more complex applications in areas such as material spectroscopy, moving to 
higher frequencies in the 1-2THz range. The impact of such work is mainly focussed on 
the broad scope of THz technologies, including imaging, spectroscopy, biomedical 
sensing, non-destructive testing, as well as in the development of new devices with 
commercial opportunities. 

Mahmoud Karimi 
Mahmoud.Karimi@uts.edu.au 
 

FEIT Surface contributions 
to radiated sound 
power of a fluid-
loaded structure 
excited by turbulent 
boundary 
layer/acoustic diffuse 
field 

The surface contribution method is an intensity-based method as a means to visualise 
contributions of local surface regions to sound power from vibrating structures. Whilst 
the surface contribution method has been used for structures under deterministic 
mechanical excitation due to structural forces or harmonic incident acoustic pressure 
excitation, it has not been considered for analysing a structure under a random 
pressure field excitation due to fluid flow. This project will develop a surface contribution 
technique to investigate the surface areas on a flexible body in a heavy fluid that have 
the greatest contribution to the radiated sound power in the far field. The structure will 
be excited by a stochastic force, particularly a turbulent boundary layer (TBL) or an 
acoustic diffuse field (ADF) will be considered.  
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Mahmoud Karimi 
Mahmoud.Karimi@uts.edu.au 
 
 

FEIT Aerodynamic noise 
prediction using 
synthetic turbulence 

Direct Numerical Simulations (DNS) can be used to predict aerodynamic noise, by 
solving the complete Navier-Stokes of fluid dynamics without simplification. Another 
possibility is using Large Eddy Simulation (LES) where small-scale turbulence is 
modelled but large-scale turbulence is fully resolved. Due to the large range of spatial 
and time scales present in turbulent flows, these methods can be very demanding in 
time and computational resources, and they are restricted to relatively low Reynolds 
numbers. An alternative approach to DNS and LES is to split the problem in two parts. 
Fluid dynamics is resolved using standard Computational Fluid Dynamics (CFD) tools, 
and then the acoustic field is predicted using source and propagation models such as 
Lighthill's analogy. In this project, the computational cost of these so-called hybrid 
methods will be reduced by replacing the unsteady CFD stage by synthetic turbulence. 
Stochastic methods will be used to generate synthetic random turbulent fields that are 
not exact solutions of the fluid dynamics, but that capture several key features of the 
sound sources, such as the correlation length and time scales, spectrum, etc. Input 
parameters will be obtained from Reynolds Averaged Navier-Stokes (RANS) equations 
which are significantly less costly than complete unsteady simulations like LES. The 
resulting synthetic field will be combined with an aeroacoustic model describing both the 
sources and the propagation of sound. An Acoustic solver based the boundary element 
method will then be employed to predict the aerodynamic noise. 

Matthias Guertler 
Matthias.Guertler@uts.edu.au 
 

FEIT Bringing additive 
manufacturing to 
Australian industry 

Additive manufacturing (“3D printing”) is a powerful technology in the suite of advanced 
manufacturing/Industry 4.0 technologies. Exemplar benefits include the manufacturing 
of small customised solutions as well as the realisation of complex designs that could 
not or hardly be manufacturing with traditional manufacturing technologies. Therefore, 
additive manufacturing is a highly promising technology for Australian SMEs to increase 
the variety and functionality of their product portfolios and get more independent from 
international supply chains. Despite these benefits, companies, SMEs in particular, are 
hesitant to implement and use additive manufacturing. Key issues include that 
companies do not know where to start, what machine to buy, how to embed them into 
their organisation and how to effectively use them. Therefore, this research topic 
focuses on developing a methodical guideline (methodology / heuristic) that guides 
companies through the implementation process of additive manufacturing. Relevant 
aspects include the analysis of the current company capabilities and future needs, 
mapping them to different additive manufacturing systems to identify the most suitable 
ones, identification how the selected systems need to be tailored to each company and 
what preconditions companies need to realise in order to use the new system 
successfully, such as required (CAD) software systems, trainings, interfaces to other 
processes etc. Aside from using relevant literature, this research project will use several 
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UTS-industry research projects on additive manufacturing through a multi-case study 
approach. This includes the retrospective analysis of finished projects as well as the 
participation in running projects. The latter also allows to evaluate and refine the new 
methodical guideline. This research project will be in collaboration with UTS Rapido, 
which together with the  School of Mechanical and Mechatronic Engineering will provide 
a sufficient portfolio of industry projects to analyse and to test the new guideline. 
Through existing contacts to the NSW Department of Industry and the NSW Treasury, 
this research project also has the potential for high visibility and contribution to the 
“NSW advanced manufacturing industry development strategy”. This topic is scalable to 
suit a Master’s by Research and PhD project. 

Matthias Guertler 
Matthias.Guertler@uts.edu.au 
 

FEIT Archaeonics – using 
ancient knowledge 
and solutions to solve 
modern problems in a 
sustainable way 

Humans have been innovating for thousands of years leading from radical innovations 
like the wheel to contemporary ones like additive manufacturing and Industry 4.0. 
Although there is an awareness of the achievements of previous generations on a 
general level, a common problem of innovation projects is that existing solutions are 
neglected and the “wheel is re-engineered” repeatedly. For instance, often working 
solutions become obsolete due to technological or societal advancements, so later after 
a couple of further advancements, they are widely forgotten although there core 
concepts would be relevant again. However, over the past years a new approach called 
“archaeonics” (archaeology + techniques) focuses on exploring ancient and other 
forgotten solutions and their benefits for modern problems. Examples include ancient 
agriculture approaches for exposed regions, building materials with specific temperature 
insulation properties and Roman water infrastructure approaches to support cistern 
building project in Africa as well as a raising awareness of Indigenous fire management 
approaches to prevent Australian bushfires. Although archaeonics could principally be 
used for any kind of innovation project, it appears to be particularly powerful for low-tech 
projects. It shows a great potential especially for “frugal innovation” and developing 
robust solutions that can be realised and maintained with simple tools and locally 
available resources. Therefore, it contributes directly to overarching trends like 
increased sustainability. A current key challenge of archaeonics is the identification of 
suitable ancient/previous solutions and their efficient mapping to modern problem. So 
far, the process is mainly experienced-based. To close this gap, the goal of this 
engineering design research project is the development of a methodology (methodical 
guideline) that helps to map solutions and problems – from a solution-push as well as 
problem-pull perspective. Along with a systematic literature review of existing 
archaeonics and related case studies, key activities include the development of a 
framework to describe ancient solutions and modern problems in a systematic way. 
Based on this, a systematic mapping and selecting method will be developed. Potential 
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collaboration with, for instance, Engineers without Borders will allow for applying, 
evaluating and enhancing the new archaeonics methodology. 
This research project is at the interface of engineering, design, archaeology and cultural 
studies. So, an appetite for discipline-spanning collaboration is important. This topic is 
scalable to suit a Master’s by Research and PhD project. 

Matthias Guertler 
Matthias.Guertler@uts.edu.au 
 

FEIT Boosting advanced 
product life-cycle 
management through 
Industry 4.0 

Industry 4.0 describes the radical transformation of modern manufacturing systems 
using new manufacturing as well as information and communications technologies 
(ICT). While new sensors and software systems allow the development of digital twins 
as the basis of cyber-physical systems, which can be used to visualise, flexibly manage 
and predict physical systems and their behaviour, internet of things technologies allow 
for connecting manufacturing and organisational systems across entire value-chains. 
The combination of advanced sensors and data analytics allow for predicting system 
evolutions like required maintenance as well as for identifying aspects to be improved 
for a following system’s generation. This also allows for great opportunities and benefits 
for an improved life-cycle management of products and systems. Improving a 
manufacturing system through updates and upgrades, redesigned processes and 
additional services can significantly increase system performance, reduce 
energy/resource consumption and enhance a system’s lifetime – which therefore 
directly contributes to a trend of increasing sustainability. Therefore, this applied 
research project will focus on exploring and analysing the link between Industry 4.0 and 
system life-cycle management. Exemplar questions include: What are characteristics 
and issues in different life-cycle phases? How could different Industry 4.0 technologies 
and approaches address these issues? How can this, for instance, enable 
improvements of existing systems and processes including predictive activities, and the 
development of upgrades and complementary services. An important aspect is also how 
to engage different stakeholder groups in terms of open innovation to use their 
expertise to contribute to improving each phase of a system’s life-cycle. Depending on 
the selected focus (product versus manufacturing system), the successful candidate 
has the opportunity to work with the UTS Industrial Algae Reactor (one of Australia’s 
selected Industry 4.0 Test Labs) or in suitable UTS-industry projects. The successful 
candidate will be part of the new UTS Advanced Manufacturing research group with a 
partner institute at the Technical University of Dortmund, Germany, allowing for close 
collaboration and exchange with academics and other HDR/PhD students.  This topic is 
scalable to suit a Master’s by Research and PhD project. 

Matthias Guertler 
Matthias.Guertler@uts.edu.au 

FEIT Advancing Australia’s 
industry – uptake of 

This research project will explore how Australian SMEs (small- and medium-sized 
enterprises) can be supported in successfully taking up Industry 4.0. Industry 4.0 

mailto:Matthias.Guertler@uts.edu.au
mailto:Matthias.Guertler@uts.edu.au


 Industry 4.0 in 
Australian SMEs 

describes the radical transformation of modern manufacturing systems using new 
manufacturing as well as information and communications technologies (ICT). While 
new sensors, software systems and AI allow for the development of digital twins as the 
basis of cyber-physical systems, which can be used to visualise, flexibly manage and 
predict physical systems and their behaviour, internet of things technologies allow for 
connecting manufacturing and organisational systems across entire value-chains. In 
addition, additive manufacturing and cobots allow for new manufacturing highly 
customised and novel products. However, the use of Industry 4.0 has been limited in 
SMEs. This applied research project will empirically explore how Australian SMEs are 
approaching Industry 4.0. This includes companies using Industry 4.0 and those still 
thinking about adopting it. Therefore, the research project will analyse company’s 
experience of adopting Industry 4.0 including positive experience, challenges, barriers, 
and strategies to approach them as well as concerns and barriers preventing 
companies from using Industry 4.0. The expected outcome is a framework of success 
factors, barriers and best-practice examples that can help companies to successfully 
approach and use Industry 4.0. This research project can be in collaboration with UTS 
Rapido, which together with the  School of Mechanical and Mechatronic Engineering 
will provide a sufficient portfolio of industry projects to analyse and to evaluate findings. 
The successful candidate will be part of the new UTS Advanced Manufacturing 
research group with a partner institute at the Technical University of Dortmund, 
Germany, allowing for close collaboration and exchange with academics and other 
HDR/PhD students. Through existing contacts to the NSW Department of Industry and 
the NSW Treasury, this research project also has the potential for high visibility and 
contribution to the “NSW advanced manufacturing industry development strategy”. This 
topic is scalable to suit a Master’s by Research and PhD project. 

Mickey Clemon 
Lee.Clemon@uts.edu.au 
 

FEIT Extended life power 
transmission through 
self-lubrication 

Power transmission systems suffer from inefficient operation and failure due to wear 
over time. This project is to design, develop, and manufacture improved gearing 
systems using additive manufacturing and local delivery of lubrication.  

Mickey Clemon 
Lee.Clemon@uts.edu.au 
 

FEIT Autonomous fibre 
processing in 
agriculture and 
clothing industries 

Wool processing and handling is a major industry in Australia, this project seeks to bring 
modern engineering to aid wool workers through manipulation and handling fibrous 
materials.  

mailto:Lee.Clemon@uts.edu.au
mailto:Lee.Clemon@uts.edu.au


Mickey Clemon 
Lee.Clemon@uts.edu.au 
 

FEIT Process optimisation 
for industrial scale 
additive 
manufacturing 

Additive manufacturing is not yet an industrialised process for most industries. Using 
data science and Industry 4.0 technologies is a promising pathway to aiding this 
transition. 

Mickey Clemon 
Lee.Clemon@uts.edu.au 
 

FEIT Anisotropic material 
fabrication planning 
and control in 
additive 
manufacturing 

Additively manufactured components tend to have anisotropic material properties. 
Better control and manipulation of these local properties throughout a build will broaden 
the use and capabilities of this process.  

Shoudong Huang 
Shoudong.Huang@uts.edu.au 
 

FEIT Visual Simultaneous 
Localisation and 
Mapping in 
Deformable 
Environments 

This project aims to investigate the problem of building a three-dimensional map of a 
deformable environment in real-time using images and at the same time localising the 
camera within the map. This project expects to generate new knowledge in the area of 
simultaneous localisation and mapping in deformable environments using visual 
sensors. Expected outcomes include in-depth understanding of the fundamental 
sensing requirements for the problem to be solvable, the achievable accuracy, and 
efficient algorithms for achieving accurate three-dimensional reconstruction of 
deformable environments. The research outcomes from this project is expected to offer 
significant benefits to diverse areas such as minimally invasive robotic surgery. 

Youguang Guo 
Youguang.Guo-1@uts.edu.au 
 

FEIT Characterisation of 
advanced 
electromagnetic 
materials for 
developing high-
performance 
electrical apparatus 

Novel and advanced electromagnetic materials, such as nano-structured magnetic 
materials, soft magnetic composites, amorphous metals and high-temperature 
superconductors, are considered among the key technologies for developing high-
performance electrical apparatus like electrical machines and transformers. However, 
the material properties and proper modelling are often lacked, hindering their 
application potentials. This project represents a fundamental importance for application 
of new and advanced materials, with both theoretical and practical significances. 

Youguang Guo 
Youguang.Guo-1@uts.edu.au 
 

FEIT System-level multi-
discipline design 
optimisation of 
electric motor drive 
systems 

An electric motor drive system consists a number of components, such as the motor, 
power electronics and control. The design and analysis of one component may also 
need multi-disciplinary knowledge. For example, the analysis on motor performance 
should consider the electrical, magnetic, mechanical, thermal, chemical (insulation) and 
acoustic aspects. This project aims to design and optimise the motor drive systems for 
the system-level optimal performance based on multi-discipline knowledge. 
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