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SSOCIATE PROFESSOR Vinayak Dixit makes 
relationships a priority because he believes 
that it is through the inter-personal that innova-
tions are created. 

In 2013 with funding from the Australia Re-
search Council (ARC), rCITI, CVEN’s transport research hub, 
created TRACSLab. Already a world leading facility, housing 
multiple driving simulators networked together, with the ability 
to connect to traf�c microsimulation software, TRACSLab re -
cently formed a �eld-leading, inter-university relationship with 
the University of  Sydney to investigate the travel behaviour of  
driverless automated vehicles (AVs). 

Funded by insurance industries and transport authorities, 
Vinayak and his team are asking some fundamental questions 
raised by AV travel. In AVs, how do people behave? What kind 
of  choices do people make when under risk or uncertainty? 
How is it to come in and out of  autonomous driving? What 
can a driver do while being in a driverless car? Seated in the 
TRACSLab driving simulators, drivers in a virtual reality, reveal 
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and record the answers to these questions. 
There is still the battle of  perception. Incidents involving AVs 

receive a disproportionate amount of  media coverage, which 
results in a distorted perception of  how dangerous they are. 
“The dangers of  AVs are similar to regular vehicles, but often, 
traf�c around an AV on-road become distracted and fearful. 
AVs are often involved in accidents they have not caused.”

As a committed researcher Vinayak Dixit sees every AV ac-
cident as an opportunity for new questions and deeper dis -
covery. “This technology is based on the interaction between 
the AV and an individual. Currently, an AV �nds it dif�cult to 
‘understand’ intent as a human would, because the information 
exchange between humans is evolved. How could we program 
this kind of  evolved intersubjectivity into an AV?”

Until that time, there are precautions we can take to maxi -
mise safety. “One response is to clearly identify AVs to onlook -
ers with improved signage. Just like an L plate or a P plate 
we need an AV plate. Human behaviour then starts to change 
because our understanding of  the risk associated with an AV 
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S THERE wasn’t really a 
way to describe the type of  
research I’m doing, my col -
leagues and I have coined 
a new phrase,” explains Dr 

Lauren Gardner, whose multiple research 
interests have recently been drawn togeth -
er into a fascinating new �eld. 

“We’re calling it Bio-secure Mobility and 
it explores how people and things moving 
around our globalised world spread infec -
tious disease. This includes the spread of  
naturally occurring viruses or malicious 
manmade biosecurity threats,” she says.

As a Senior Lecturer in the School of  Civ-
il and Environmental Engineering, a mem-
ber of  the Research Centre for Integrated 
Transport Innovation and a Research Fel-
low with the Faculty of  Medicine, Gardner 
says her interests sit at the point where en-
gineering and public health merge. 

“I use my background in network mod -
elling, i.e.  the connectivity of  transport 
systems across all different modes and 
scales, to try to understand its implications 
in the public health space, speci�cally around epidemiology,” 
Gardner continues and goes on to explain that Bio-secure 
Mobility has three key research goals that span both under -
standing the spread of  a particular outbreak and mitigating 
the risks it poses. 

The �rst goal is gaining a clear understanding of  how things 
spread through a network and might result in the creation of  
what Gardner calls a ‘diffusion model’. “If  we know how things 
are connected and how people move around, we can model 
how something might spread. For example, we might look at 
how the �u would spread through Sydney’s population, or how 
the Zika virus spread from Brazil to the rest of  the Americas,” 
she says.

The second goal is about gaining a clear understanding of  
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the different factors that contribute to the 
risk of  spread. “What is pushing the dis -
ease through the network?” she continues. 
“Is it people moving or are there other more 
signi�cant local factors at play, such as 
population density, land use characteris -
tics, climate characteristics and infrastruc -
ture characteristics?”

The third piece of  the puzzle, explains 
Gardner, is about control. “If  we have an-
swers to the above two goals then we can 
get smarter about allocating resources to 
try and stop spread.”

With a focus on the practical, Gardner 
says the outcomes of  her research might 
include a series of  tailorable methodolo -
gies or models that can be broadly applied 
and adapted for use in a real-time deci -
sion-making setting. “If  there is a sudden 
outbreak of  a new virus, we want to be 
able to provide public health policymakers 
with a tool so they can make smarter deci -
sions about how to control and mitigate the 
risks of  the outbreak.” 

Ambitious in its scope, the questions 
raised by Bio-secure Mobility rely on multidisciplinary col -
laborations between engineers, biologists, entomologists 
and public health professionals in addition to requiring huge 
amounts of  data. “Data is both our biggest challenge and our 
biggest opportunity and we need huge datasets that capture 
human mobility, real-time outbreak status, socioeconomic fac -
tors and environmental conditions,” Gardner says.

In our increasingly globalised world, where international 
travel has become so necessary and so proli�c, Gardner’s 
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critiques, especially in the area of  data quality. So, our second 
paper will investigate satellite data errors, including an estab -
lished Bayesian approach to precipitation errors. Understand -
ing the extension of  Bayesian methods into ecohydrology has 
been exciting.” 

In 2018, this ARC team will establish and complete an ap -
propriate ABC framework and will use this framework “to in-
vestigate errors associated with our assumptions about model 
selection.” More publications will follow as Lucy and the other 
team members move closer to ful�lling the overall ambitions of  
the project. “We aim to characterise the importance of  input 
errors in models and to more fully understand how uncertainty 
in rainfall and evapotranspiration is affecting the overall model. 
A working ABC framework will make it much easier to charac -
terise what these data errors are.”

Developing Bayesian and Approximate Bayesian methods is 
not the only aspect of  Lucy Marshall’s research that is innova -
tive. Over the last decade Lucy’s interests have been shifting 
away from purely engineering/hydrological perspectives to the 
broader �eld of  ecohydrology. This is a relatively new and ex -
panding �eld that, according to UNESCO, “attempts to reverse 
the degradation of  water resources and stop further decline in 
biodiversity by utilising our growing understanding of  relation-
ships between hydrological and biological processes.”

Lucy was immersed in this kind of  relational thinking during 
her eight years spent as professor in the environmental sci -
ence department at Montana State University. “There was 
much more emphasis on natural resources in this department 
and this altered and expanded my engineering focus on mod -
els as problem solving tools. I began to link my research more 
deeply with the actual physical systems, working more collab -
oratively with people in the �eld. In a way, my time at Montana 
was my second PhD.” 

Yet don’t expect to see Lucy wading through rivers anytime 
soon. “I know where my strengths lie, and my great love, from 
a very early age, has always been mathematics.” Marshall be-
lieves that the creative potential of  higher level mathematics is 
largely misunderstood, underestimated or ignored. “We need 
creativity in mathematics for it to be relevant in a range of  �elds 

and disciplines.” She attributes her 
early academic success in the USA 
to her awareness that mathematical 
research, handled with artistry, could 
be widely applicable. She also be -
lieves that this adaptability was con-
sciously fostered in the broad-based 
training she received from CVEN. 
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