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Interaction of a pathogen with its host: The Talaromyces marneffei
survival and replication inside host immune cells

Author
Aakash Gupta
Alex Andrianopoulos

Affiliation
The University of Melbourne
The University of Melbourne

Many fungal pathogens exploit host defense mechanisms to survive and
replicate before disseminating to cause systemic infection. Talaromyces
marneffei is one of the major life-threatening human fungal pathogens that
infects mainly immunocompromised people. Primary phagocytes from the
innate immune system comprising macrophages and neutrophils are the first
line of defense against the infection. By combining different microscopic
techniques, we sought to visualize and identify the strategies that enable T.
marneffei to survive and multiply within the phagolysosomal compartment of
murine macrophages. We have demonstrated that uptake of dormant conidia
by the macrophages happens in a zipper type mechanism within minutes of
inoculation. Conidia are phagocytosed into separate membrane-bound
phagosomes that fuses at later time points, constructing one large
phagolysosome where conidia grow into yeast cells. Live T. marneffei, but not
heat-killed conidia were successful in circumventing the acidification of this
phagolysosomal compartment for their survival within them. We also observed
shedding of the outer most layer by the pathogen inside the macrophages which
may be one of its many survival mechanisms. Cell wall-defective mutants had
delayed
yeast
cell
formation
within
murine
macrophages.
Immunofluorescence data combined with a 3D rendered model revealed the
recruitment of endosomes, lysosomes and acidic vesicles over time, and their
differential interaction with viable, heat-killed and cell wall mutant T.
marneffei conidia and yeast cells. Only wild type yeast cells exhibited
successful macrophage lysing after increasing fungal load inside the
macrophages. In summary, we have developed a phagocytosis model for T.
marneffei infection and characterized the interaction between the pathogen
and murine macrophages.
Keywords

Talaromyces marneffei, Phagocytes, pathogen
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Relay-Energy Access Points for Internet-of-Things Wireless Energy
Harvesting and Communications

Author
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Brian Krongold
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Affiliation
The University of Melbourne
The University of Melbourne
The University of Sydney

We propose relay-energy access points (REAPs) as a novel Internet-of-Things
(IoT) network architecture that supports wireless energy harvesting of IoT
devices and long-range relay communications to data access points (DAPs). In
this presentation, we formulate a Stackelberg game for energy trading with
the REAPs, and a single relay selection (SRS) scheme for the REAPto assist
communications with the DAP. We consider a harvest-then-transmit protocol
in which REAPs transmit energy-bearing signals to multiple (active) IoT
devices for energy harvesting. Using the harvested energy, the IoT devices
then send information to the DAP via the REAP. Numerical examples highlight
the effectiveness of the proposed game-theoretic solution and improvements
achieved by relaying data through REAPs.
Keywords

Internet-of-Things (IoT), relay communications, energy trading, Relay-energy
access points, optimization, game-theory, multiuser, wireless communications,
wireless energy harvesting, resource allocation, price optimization
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Recovery of Gold from Waste Electrical and Electronic Equipment using
Cross- linked Polymer Inclusion Membranes

Author
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Affiliation
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A new type of waste, often termed as waste electrical and electronic
equipment (WEEE), is piling up in our society with the advancement of
technologies at even higher rate than municipal waste. A landfill of these waste
is hazardous as it contains contaminants like lead, mercury, tin, cadmium,
chromium, polychlorinated biphenyls etc. At the same time this WEEE can be
viewed as a good quality source of gold and other precious metals. Therefore,
development of a green separation technique for recovering gold from WEEE
is of utmost important. Different approaches utilizing mechanical, thermal
and/or chemical processes have been developed for the recovery of gold from
WEEE but none of these can be considered as environmentally friendly.
Separation based on the use of polymer inclusion membranes, a new
promising green separation technology that follows the same working
principle as solvent extraction, has been applied recently in extracting and
separating gold from WEEE. But due to the low rate of separation, which is a
major challenge to overcome, this PIM-based separation hasn’t been used in
industry yet. Therefore, in the present study, a new approach for preparing
modified PIM which involves in-situ cross-linking formation was adopted in
an attempt to improve the rate of separation. The effect of cross-linking on
gold extraction with these PIMs has been studied using Cyphos® IL 104 as the
extractant. The optimized cross-linked PIM transported gold faster than the
non-cross-linked PIM (Figure 1) and it was very efficient in separating gold
from electronic waste digest.
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Figure 1. Transient Au(III) concentrations in the feed (dashed lines) and receiving solutions
(solid lines)

References
[1] K. Huang, J. Guo, Z. Xu, J. hazardous materials, 164 (2009) 399-408.
[2] M.I.G.S. Almeida, R.W. Cattrall, S.D. Kolev, J. Membrane Sci, 415-416 (2012) 9-

23.

[3] F. Kubota, R. Kono, W. Yoshida, M. Sharaf, S.D. Kolev, M. Goto, Sep Purif

Technol, 214 (2019) 156-161.
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Are native mammals more resilient to fire in fox-baited landscapes?

Author
Vishnu Ramachandran Menon

Affiliation
The University of Melbourne

The major drivers of faunal decline in Australia have been altered fire regimes
and predation by European red foxes and feral cats. These effects are
exacerbated when invasive predators use recently burnt vegetation to predate
on critical weight-range mammals (450-5,000 grams).
My PhD will address a major knowledge gap – whether controlling predators
can improve native mammal resilience to fire. Public land managers in
Victoria spend more than $205 million on bushfire mitigation and $2 million
on fox control per annum. Even though fire and fox management programs
often affect the same areas of land, they have been largely planned and carried
out as separate processes. This study, focusing on two threatened species:
southern brown bandicoots and long-nosed potoroos, will be carried out
across fox-baited and unbaited landscapes in south-western Victoria.
Camera trap and understory vegetation structure will be surveyed pre-fire and
will be replicated 3, 6, 12- and 18-months post-fire. Single-species multi-season
occupancy modelling will be constructed using detection/non-detection data
and will also aim to look at the effects of fox-baiting on foxes and feral cats
after a fire. By examining how landscape-scale fox baiting affects native
mammal responses to fire, my study will help inform integrated fire
management and fox control approaches and so design efficient strategies for
native mammal conservation.

Keywords

Fox-baiting, fire, unbaited landscape
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Computed Tomography Image Analysis in Neurological Disorder Subjects

Author
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Computed tomography (CT) uses x-rays to image bodily structures and
produces their three-dimensional representations with a good spatial and
temporal resolution. In spite of many sophisticated existing algorithms,
clinicians generally go through each volume of slices manually to identify a
particular structure or to perform some analysis. The manual approach leads
to intra- and inter- observer variance. Additionally, it becomes cumbersome as
the number of volumes increases. This work proposes solutions to help
automate these image analysis tasks. The proposed solutions would be
demonstrated against three kinds of CT datasets: (1) Neck CT, (2) CT Angiogram
(CTA), and (3): CT Perfusion performed on acute ischemic stroke patients to
visualize the amount of blood flow in the brain. Further, these approaches are
supplemented with data driven statistical analysis techniques that help carry
out group analysis of medical image data to correlate patients with different
severity levels and better understand patterns among multiple subjects.
References
[1] Milinis, Kristijonas, et al. "History of aneurysmal spontaneous subarachnoid
hemorrhage." Stroke 48.10 (2017): e280-e283.
[2] Ding, Jia, et al. "Accurate pulmonary nodule detection in computed tomography
images using deep convolutional neural networks." International Conference on
Medical Image Computing and Computer-Assisted Intervention. Springer, Cham,
2017.
[3] Hentschke, Clemens M., et al. "Automatic cerebral aneurysm detection in
multimodal angiographic images." 2011 IEEE Nuclear Science Symposium
Conference Record. IEEE, 2011
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Oxidation kinetics of C8H7

Author
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Affiliation
The University of Melbourne
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The oxidation kinetics of the molecule C8H7 has been studied using abinitio
calculations. The activation energies and kinetics of the formation of various
products have been delineated. The energies of all the species in the system are
much lower than the initial reactant energy composition and so all the product
pathways are feasible. In much of the earlier work, standard molecular
species like Benzaldehyde and few other species have been predicted using
computational chemistry techniques. The new product channels and their
species are predicted in this study. From the energy diagram, the probability
of forming benzyl radical and benzaldehyde is equally poised. Other product
species like o- quinone methane, benzofuran and o-benzoquinone are also
observed from the potential energy surface diagram. The reaction product
pathways like the formation of the benzaldehyde and the benzyl radical are
rationalized from well-known vinyl oxidation mechanism. The activation
energy and rate constants are predicted and validated with the experimental
data in the literature.

Keywords

Transition state theory, Kinetics, C8H7, Oxidation
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Incorporating the geochemical impact of mm-cm scale lithological
heterogeneity in reservoir models

Author
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Affiliation
The University of Melbourne
The University of Melbourne
Indian Institute of Technology, Madras

Sub-meter scale lithological heterogeneity in the form of intraformational
baffles is known to play an important role in fluid flow and geochemical
reactions. The processes governing fluid flow at these scales, the development
of fluid flow upscaling laws and their integration in reservoir-scale models are
well established. However, there exists a knowledge gap in the development of
upscaling laws for geochemical reactions arising from the presence of submeter scale lithological heterogeneity. This study explores geochemical
reaction rates in intraformational baffles and the development of respective
upscaling laws for integration in reservoir models in order to better
understand carbon mineralization in geological CO2 storage reservoirs. Ten 2D model realizations at sub-meter scale resolution are built to capture the
lithological heterogeneity of the Paaratte Formation, Otway Basin. Three
different approaches are developed to upscale the impact of baffles on
reaction rates from cm-scale to reservoir scale based on the process
understanding. A workflow is developed where the upscaled properties are
classified for composite rock types and their depth logs are derived. The
composite rock type logs are subsequently populated in the reservoir scale
model.

Keywords

Geochemical upscaling,
multiphase flow

sedimentary

heterogeneity,

reservoir

model,
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Environmental differences between developing and non-developing
tropical circulations across global ocean basins

Author
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There is a lack of complete understanding of the environmental conditions
that limit the development of an initial circulation to a tropical storm. This
study examines the environmental differences of developing and nondeveloping tropical depressions across each ocean basin. For achieving this,
we apply a new methodology: the OWZP detection and tracking scheme to
ERA-interim reanalyzes from 1989-2008. Using this method, we detect both
developing and non-developing tropical depressions. Subsequently, we
construct the composites of the environmental variables that control tropical
cyclone genesis within a 25-degree box region around the tropical depression
center. The relative importance of thermodynamical and dynamical
conditions between the developing and non-developing cases is statistically
assessed using the Box Difference Index. This index helps to identify a
predictor set of environmental variables in each ocean basin. The relative
contribution of the predictors differs between ocean basins. The composite
analysis shows that developing cases have higher mid-level moisture, low-level
relative vorticity, lower values of vertical wind shear, and mid-level omega.
This study further applies a data-mining cost-sensitive C4.5 algorithm for the
binary classification problem of developing versus non-developing cases.

Keywords

Tropical cyclones, developing storms, non-developing storms, TC detection
scheme
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Experimental investigation of bubble-interactions

Author
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Vapor cavities in liquid has been found to trigger jets and shockwaves under
certain conditions during its lifetime [1]. Besides that, a pulsating bubble
buffets the ambient liquid field, leading to agitation/ perturbation around a
bubble. This can be evaluated using improved experimental techniques like
particle image velocimetry (PIV). However, most of the PIV based
measurements around oscillating bubbles are limited to captive/ surfaceattached bubbles [2] or unattached laser-generated bubbles [3], which either
suffer from wall-effect or are unable to survive through several oscillation
cycles. Almost all practical applications make use of free pulsating bubbles in
liquid media particularly in avenues of bio-medicine, particle-fragmentation,
surface cleaning, etc.
For examination purposes involving free pulsating bubbles, the challenge is in
properly levitating the bubble in a suitable-sized chamber that can
accommodate the optimal particle density under suitable conditions. These
conditions are briefly described through our work. Such studies can help ease
bubble- related experimental examinations and improve understanding
interactions of bubble, paving way for creative applications.
References
[1] D. Obreschkow et al., Exp. Fluids, 2013, 54, 1503.
[2] P. Tho, R. Manasseh & A. Ooi, J. Fluid Mech., 2007, 576, 191-233.
[3] A. Vogel and W. Lauterborn, Appl. Opt., 1988, 27, 1869-1876
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PIV, streaming, bubble-interaction
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Flow Instabilities in Supersonic Impinging Jets
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Supersonic impinging jets have diverse practical applications like VTOL
aircraft exhaust jet noise and surface finish in cold gas spray additive
manufacturing processes. The turbulent flow dynamics in this configuration is
marked by the presence of an aero-acoustic feedback loop, generating strong
resonance tone. An important feature driving the phenomenon is the flow
instabilities in the shear layer of the jet. Study of the flow instabilities requires
information about the time derivatives of the flow and their statistics.
Experimental investigation in supersonic jets using imaging techniques like
particle image velocimetry (PIV) can be highly challenging due to the practical
limitation of acquiring a time resolved data with large samples. An alternate
approach, known as double PIV, has been presented in the current study
which involves acquisition of large samples of data by two parallel
measurement systems, offset by a very small time-step. The resulting data is
not time resolved but provides information about the instantaneous time
derivatives of
the velocity field in addition, which can be used to obtain valuable
information about the dynamics of the shear layer using analysis techniques
like the dynamic mode decomposition (DMD).

Keywords

High speed jet, double PIV, shear layer instabilities
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Entrainment in turbulent jets and forced plumes
Author
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The physics of how a seemingly chaotic (turbulent) stream of fluid surrounded
by a quiescent (non-turbulent) fluid grows with time by entraining the nonturbulent fluid into itself is fundamentally important to understanding and
modelling various phenomena in nature and environment, such as, the
evolution of clouds, the extent of growth in bushfire plumes, types of volcanic
eruptions, saline plumes in the ocean and building ventilation. The
cornerstone model to predict growth of turbulent jets and plumes is based on
the Morton, Taylor and Turner [1] entrainment assumption, which although
successful, has been criticized over the years. Only recently has a consistent
’entrainment relation’ been formulated by vanReeuwijk and Craske [2] from
the Navier-Stokes equations. However, this is not sufficient for predictions, but
requires experimental data and an ’entrainment model’. Although several
experiments have been performed previously, simultaneous velocity/density
data is scarce. Here we conduct temporally and spatially well-resolved Particle
Image Velocimetry (PIV)/Planar Laser Induced Fluorescence (PLIF)
experiments. The use of refractive-index matched fluids for ambient and
jet/plume ensures minimal optical distortion, and hence recovery of highfidelity PIV/PLIF data for turbulent fluxes, especially in the near field region
where the density mismatch is higher. Employing a new entrainment model
obtained from our data, we predict the plume growth, and compare the
present relation/model and other well-known ones against our measurements
and those available in the literature.
References
[1] Morton, B. R., Taylor, G. Turner, J. S. 1956 Turbulent Gravitational Con- vection
from Maintained and Instantaneous Sources. Proc. R. Soc. A 234, 1–23.
[2] van Reeuwijk, M. Craske, J. 2015 Energy-consistent entrainment relations for jets
and plumes. J. Fluid Mech. 782, 333–355.
Keywords
Turbulent Jets, Plumes, Entrainment
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Correlating Knee Joint Motion and Cartilage Damage After AnteriorCruciate-Ligament Reconstruction
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The knee is a complex system consisting of three bones and two joints: the
femur and tibia articulate at the tibiofemoral joint; and the femur and patella,
at the patellofemoral joint. Damage to the knee ligaments and menisci can lead
to abnormal bone motion that alters the strains imposed on cartilage and
increases the risk of osteoarthritis (joint disease). Anterior-cruciate-ligament
(ACL) reconstruction is performed to restore knee stability and function and
preserve joint health. However, clinical studies with long-term follow-up
indicate that up to 90% of individuals undergoing ACL reconstruction have
radiographic evidence of osteoarthritis in both the tibiofemoral and
patellofemoral joints within 10 years. Evidence of changes in cartilage tissue
also are visible on MRI as early as 6 months after surgery. Very few studies
have measured tibiofemoral joint motion during walking after ACL
reconstruction and virtually no data are available for the corresponding
motion of the patella (knee cap). The primary aim of the proposed study is to
accurately measure the three-dimensional movements of the femur, tibia and
patella in both the ACL-reconstructed knee and the healthy contralateral knee
for one complete cycle of walking. A secondary aim is to correlate changes in
knee kinematics with cartilage health on a patient-specific basis. We
hypothesize that early changes in cartilage tissue after ACL reconstruction will
be associated with changes in contact locations at both the tibiofemoral and
patellofemoral joints. Ten patients who have undergone unilateral ACL
reconstructive surgery within the last 6 to 12 months will be recruited to this
study. Knee motion will be measured using a mobile biplane X-ray imaging
system and cartilage health will be quantified using T2 sequence maps
generated from MRI. A better understanding of the relationships between
altered knee joint motion and cartilage damage will inform improved surgical
and physiotherapy treatments for patients with ACL reconstructed knees and
ultimately lower the incidence of knee osteoarthritis in young, physically
active individuals.
Keywords

ACL Reconstruction, Tibiofemoral, Patellofemoral, osteoarthritis
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Development of Multispectral Camera Technology for Thermal Imaging

Author
Noor E Karishma
Shaik
K Seghouane
A Nirmalathas
Ranjith R Unnithan

Affiliation
Department of Electrical and Electronics Engineering, The
University of Melbourne
Department of Electrical and Electronics Engineering, The
University of Melbourne
Department of Electrical and Electronics Engineering, The
University of Melbourne
Department of Electrical and Electronics Engineering, The
University of Melbourne

Spectral imaging allows data acquisition at any particular frequency in the
electromagnetic (EMG) spectrum to extract information. Multispectral (MS)
imaging captures the image data in various frequency bands specified across
the EMG spectrum simultaneously, permitting the objects in the image to be
identified by their absorption or reflection characteristics. This work is broadly
aimed at developing a cost-efficient, one-shot imaging technology where an
existing single monochrome thermal sensor can be used to enable
multispectral imaging in a narrow band for different applications such as in
precision agriculture, night vision, astronomy, and environmental monitoring.
The current research will further explore the development of novel
multispectral filters, integration of the filters with thermal sensors, hardware
implementation, and demosaicing methods to build a single sensor-based
multispectral thermal camera.
References
[1] Mathews, Scott A. “Design and fabrication of a low-cost, multispectral imaging
system.” Applied Optics 47.28 (2008): F71-F76.
[2] Burgos, Stanley P., Sozo Yokogawa, and Harry A. Atwater. “Color imaging via
nearest neighbor hole coupling in plasmonic color filters integrated onto a
complementary metal-oxide- semiconductor image sensor.” ACS Nano 7.11 (2013):
10038-10047.
[3] Jang, Woo-Yong, et al. “Experimental Demonstration of Adaptive Infrared
Multispectral Imaging using Plasmonic Filter Array.” Scientific Reports 6 (2016):
34876.
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(GABA) using ultrasonication
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The demand for functional foods containing probiotics and bioactives is
increasing. Various technologies have been used to stabilize probiotics and
bioactives like spray drying, freeze-drying and extrusion to prolong shelf life.
However, these methods are limited in their ability to control the release of
viable probiotics and high temperatures can reduce cell viability. In recent
years ultrasonication has been used to encapsulate probiotics and bioactives
in food processing. Ultrasound has the potential to be operated on a large scale
with the low-cost unit operation. Ultrasonication is used to make
microcapsules with narrow size distribution and tuneable capsule
properties.[1] Various homogenization techniques have been used to
encapsulate bacterial cells via emulsification using homogenizers.[2] However,
the encapsulation of bacteria using ultrasound is relatively unexplored, and
the survival of bacteria during ultrasonication is yet to be investigated.
Therefore, we explored the possibility of encapsulating L. plantarum and
GABA in an inner aqueous phase of (W1/O) single emulsion using ultrasound.
The bacteria cells were treated using 20 kHz 3 mm microtip ultrasonic horn
for 30, 60, 90, 120, 150 and 180 s at 10 W calorimetric power and cell viability
was assessed. No significant differences were observed in the bacterial counts
of control and the sonicated samples. Also, the single emulsion formed with
5% GABA in the inner phase was found to be very stable and no phase
separation was observed for several weeks when stored in the refrigerator at
4℃. Based on our investigation, it has been found that ultrasonication displays
high potential for probiotic and bioactives encapsulation.
References
[1] Leong, T.S.H., et al., The formation of double emulsions in skim milk using
minimal food-grade emulsifiers – A comparison between ultrasonic and high
pressure homogenisation efficiencies. Journal of Food Engineering, 2018. 219: p.
81-92.
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[2] El Kadri, H., et al., Utilisation of water-in-oil-water (W1/O/W2) double emulsion in
a set-type yogurt model for the delivery of probiotic Lactobacillus paracasei. Food
Res Int, 2018. 107: p. 325-336.
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The wetting behaviour of surfaces is important to the performance of a large
number of applications, including the mining and separation of metal ores, the
production of self-cleansing or anti-icing surfaces, and in enhanced oil
recovery. To date however the design methods used to predict wetting tend to
rely on either bio-mimicking, or trial and error. Existing theoretical equations
such as the well- known Wenzel [1] and Cassie Baxter models [2] are not fully
predictive, given that they rely on a- priory knowledge of wetting behaviour,
and importantly, only predict a single equilibrium angle, rather that a range of
stable contact angles (hysteresis), as required to predict practical wetting
performance. In this paper we show how the use of a roughness-scale
mechanical energy balance, combined with simulations of interface dynamics
based on the open source software Surface Evolver, can be used to calculate
the energy dissipation during the motion of an interface over a chemically
homogeneous rough surface. In turn this dissipation can be used to predict the
contact angle hysteresis on a real surface from just the knowledge of the
surface roughness topography [3].
References
[1] R. N. Wenzel, Ind. Eng. Chem., vol. 28, no. 8, pp. 988–994, 1936.
[2] B. D. Cassie and S. Baxter, Trans.Faraday Soc, no. 5, pp. 546–551, 1944.
[3] J. F. Joanny and P. G. De Gennes, J. Chem. Phys., vol. 81, no. 1, pp. 552–562, 1984.
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Vehicle platooning, a coordinated movement strategy, has been proposed to
address a range of current transport challenges. The current literature and onroad platooning trials typically assume a planned formation at the source and
dissolution at the destination. In contrast, this research considers platoons that
can be formed in an ad-hoc manner. To form platoons in an ad-hoc manner
the vehicles have to `speak the same language', which is in current practice
limited to vehicles of particular manufacturers. For standardizing platooning
concepts, this research proposes an ontological model of platooning objects
and properties and abstracts the basic building blocks of platoon operations
that can then be aggregated to complex platooning behavior. In ad-hoc
formation, a vehicle can express a merge request when approaching the
platoon on the highway from the back, front or the side of the platoon. This
research studies the impact of three different merge operations with and
without traffic. The impact of the merge operations is represented in terms of
merge time, merge distance, average traffic speed, and merge success rate. In
ad-hoc formation, the question arises whether the original benefits of
platooning can be preserved. This research aims to solve this decision-making
problem by analyzing the situation-aware fuel efficiency of platoon formation
and building a cost prediction model. At the final stage, this research
investigates two different types of ad-hoc platoon formation and
corresponding platoon dissolution strategies on multi-lane highway, providing
a guideline of efficient ad-hoc platoon formation in a given traffic scenario.
References
[1] C. Bergenhem, S. Shladover, E. Coelingh, C.Englund, and S Tsugawa. “Overview of
Platooning Systems.” In: Proceedings of the 19th ITS World Congress, Vienna,
Austria. 2012.
[2] K.Y. Liang, J. Mårtensson, and K. H. Johansson. “Heavy-duty Vehicle Platooning for
Sustainable Freight Transportation: A Cooperative Method to Enhance Safety and
Efficiency” In: IEEE Transactions on Intelligent Transportation Systems 17.4
(2015), pp. 1051–1061.
Keywords
Vehicle platooning, ad-hoc formation, platoon ontology
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Integrated Urban Water Management provides a comprehensive approach for
the analysis, design, and management of the urban water cycle. Integrating all
components of an urban water system into a unified framework increases the
complexity and creates new and synergistic attributes and behaviour of the
system, which demands a better understanding of these complex systems at
different scales. A systematic review of the previous works on the role of
integrated urban water management in water supply augmentation is carried
out, in the present study. The prime focus of this review is to understand level
segregation within the system, end-use of the reusable water sources,
modelling techniques and the merits and demerits of the different systems
proposed. Several alternative sources of water like stormwater and treated
wastewater have been analysed by different researchers, to augment the
traditional water sources in a region. Use of alternative water sources pose
several challenges like temporal variability of flow, limitations on available
storage, and the quantity and quality, which need to be addressed before they
can be beneficially utilised. Hence, exploring and deciphering the possible
directions of wastewater re-use and improved stormwater management and
their benefits at different spatial levels in the emerging urban water sector is
critically addressed and the trends and limitations in the field is identified to
provide possible future research direction.
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This work presents a development of semi-empirical model for trailing edge
noise in compressible regime. Trailing edge noise is a leading source of noise
from airfoil and accurate prediction of noise has been a challenge. Direct Noise
Computations have been able to predict with accuracy, but it presents a cost
issue. To predict with reasonable accuracy with acceptable cost, semi-empirical
models have been developed. These models take steady boundary layer
parameters as inputs. The boundary layer parameters can be calculated either
from time averaged solution of high-fidelity simulations or steady RANS. The
objective is to have low cost and high accuracy framework for noise
prediction. This presents us with a dual target of improving our semiempirical models as well as accuracy of boundary layer parameters derived
from steady RANS. The semi-empirical models have been proven to be quite
useful and accurate in zero pressure gradient for incompressible cases. As
adverse pressure gradient or compressible cases are looked at, the prediction
starts to suffer steeply. In the literature, recently there are models that have
been developed for adverse pressure gradient cases, but they perform well
only until the incompressibility limit. This arises a need for trailing edge noise
model for compressible regime. The accuracy of boundary layer parameters
also seems to take a hit when calculating for compressible cases as compared
to LES/DNS.
The authors realize that the empirical models that have been developed as of
yet are for low subsonic flows, hence compressible parameters have not been
accounted for in the modelling. An exhaustive analysis of parameters affecting
the trailing edge noise needs to be performed. Further, scalar regression will
be performed using the available high-fidelity data to get a functional form
which best represents and predicts noise in the compressible regime.
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Internet of things is the emerging networking development where smart
devices are connected to the Internet via wire or wireless without the human
intervention. The primary issue with these devices is minimization of power,
In many applications, the sensitive data passes through these devices and
hence security is the most important requirement for these devices. The
challenges of deploying a security solution for these devices are three-fold: (i)
hardware for a security solution must be minimal given the limited memory
and computing capacity of these devices. (ii) power consumption must be
kept minimal in order to increase battery life. (iii) the latency of
communications must be small to enforce desired performance for end users.
To develop the secure solutions that meet the above requirements we need
efficient cryptographic algorithms. A new research direction called lightweight
cryptography has been established focusing on designing novel cryptographic
ciphers for resource-constrained environments. The lightweight ciphers
appear in two main categories- block ciphers and stream ciphers. The
operation of the hardware implementation of these ciphers can be monitored
to reveal the secret key that is responsible for the confidentiality of the data.
One of the predominant method by which an attacker reveals the systems
secret key is by power analysis attack. Power analysis attacks (PAAs) are major
threats to cryptographic devices since data dependent power consumption can
be statistically analysed to reveal the secrets in use. There are broadly two
types of countermeasures for PAAs based on their level of application –
algorithm level and cell level. Algorithmic level counter measures have the
disadvantages of a high computational overhead, disturbing the later two
challenge of lightweight cryptography. On the other hand, cell level
countermeasures are broadly accepted for their lower hardware area
requirement and speedy completion of encryption and decryption processes.
Majority of cell level methods employ dual-rail pre-charge logic to produce
complementary outputs while discharging output capacitors periodically in
order to resist PAAs. In this work we develop and study lightweight cipher
algorithms with minimal and compact hardware implementations such that
they are resistant to side channel attacks. The circuit design principles
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developed to combine Binary Decision Diagram (BDD) based circuit synthesis
technique with dual-rail pre-charge logic will be employed to realise the
design. Our circuit synthesis approach will have four stages Stage-1:
Converting a basic cipher function into a Boolean function Stage-2: Designing
BDDs with identical critical path lengths from Boolean functions Stage-3:
Realizing BDDs into circuits and insertion of pre-charge generation logic Stage4: Voltage scaling and leakage power minimization to improve overall circuit
performance By extensive experimentation we will compare our design
implementation with competitive methods.
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The role of surface ocean waves becomes substantial in the upper ocean layer mixing.
Due to turbulence induced by the surface waves, the upper ocean mixing is enhanced
and important upper ocean parameters changes, such as lowering of sea surface
temperature (SST), deepening of mixed layer depth (MLD) and most importantly
changes in ocean biogeochemistry. The purpose of this project is to study the effect of
wave induced turbulence on oceanic biogeochemistry such as nutrients distribution
and how it affects the nutrients supply to tiny plants in the ocean called
phytoplanktons, which formed the basis of marine ecosystem. Marine phytoplankton
accounts for about 45 percent of global net primary productivity and play an
important part in global carbon cycle. The presence of phytoplanktons alters the
ocean color which usually change from blue to more greener ocean color. The
population of phytoplanktons depends mainly on nutrients (both micro and macro)
availability and sunlight. In this study, we will run MOM5 coupled with Wave Watch
III to estimate the effect of wave induced turbulence and study the difference between
‘with waves’ and ‘without waves’ effect on oceanic biogeochemistry. Finally, the same
effect of wave induced turbulence will also be studied by incorporating the change in
wave climate such as increase in significant wave height and wind speed.
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Cross-slot microfluidic channel is a high-throughput device used to study fluid flow at
microscales. The channel comprises of micron dimension inlets and outlets. Among the
various purposes of this device, one of the most important study is to trap a micron
sized particle at stagnation point of the cross-slot region of the device (JohnsonChavarria et al., 2011). This channel was optimised and modified to understand the
straining effect of hyperbolic flow on waterborne microorganisms (Akbaridoust et al,
2018). The strain rate was obtained by incorporating the micro particle image
velocimetry (PIV) technique. In the present scenario, the optimised channel was
fabricated using photolithography and soft lithography technique and micro-PIV
experiment was conducted again to validate the strain rate. Once validated, the idea is
to extend the trapping mechanism at high strain rate.
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The interaction of flames with relatively cold combustor walls is significant
due to its impact on fuel consumption and emissions. As the flame gets closer
to the combustor wall; the heat losses through the wall increases. The flame
quenches near the wall when the wall heat loss exceeds a certain limit. This
phenomenon is called flame-wall interaction (FWI), and the minimum
distance between the flame and the wall is called the quenching distance. The
near-wall flame dynamics and low- temperature chemistry have also been
proven to influence wall heat flux, and an accurate estimate of that is essential
for improved longevity of combustor walls. In the project, an experimental
investigation of FWI will be carried out using laser diagnostic techniques. A
burner with circular cross-section and a hollow stainless-steel tube concentric
to the burner will be built for this study. Our focus will be on understanding
the quenching, wall heat flux, and CO production in the near-wall region of the
combustor. To evaluate this, the gas temperature will be measured using
Rayleigh Scattering (RT); flame location will be captured using
chemiluminescence, and the CO production will be evaluated using twophoton laser-induced fluorescence (LIF) techniques. The experimental setup
has been manufactured and tested at different equivalence ratios. The steady
laminar premixed flame is sustained concentric to the isothermal stainlesssteel tube. Compressed natural gas is used as fuel. A stable “M” shaped flame is
obtained. In this conference, the designed experimental facility with their
sections will be presented along with the photographs and videos of the test
rig.
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The interaction between bubbles and droplets play a significant role in several
industrial applications. Bubble dynamics and their interaction behavior highly
depend on the surface forces resulting from adsorption of surfactants and
salts. Especially, the hydrodynamic boundary conditions that govern the
bubble dynamics is affected by the surface-active species present in the
solution. Currently, for larger bubbles (greater than 200 microns) there exist
quite a few studies in the literature that report the effect of surface-active
substances on bubble rise velocity with limited observations in transient
regime. The smaller bubble radius allows for easy visualization of the
transient and terminal velocity of the bubble. This work elucidates a
methodology for generating and tracking bubble motion with radii much
smaller than 200 microns and the nature of electrolytes and surfactants on the
hydrodynamic boundary conditions at the bubble interface. The goal of our
study is to enable fundamental insights into the transient velocity profiles of
the bubble right from the point of generation to reach terminal velocity as this
would allow us to understand the specific ion effect and adsorption dynamics.
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In situ injection of iron nanoparticles has become a boon in the field of
contaminated site remediation due to its techno-economic advantages over
conventional techniques. The effectiveness of such system lies on successful
emplacement of iron nanoparticles to the targeted zone of interest. Past
reviews have outlined the remediation potential of iron or bimetallic iron
nanoparticles, colloidal stability and transport potential through porous
media. In this review, the applicability of iron nanoparticles for site
remediation application has been discussed with an emphasis on the
influencing physico-chemical factors and modelling approaches adopted for
understanding the particle-media interaction. Major findings of laboratory
scale column studies and continuum-based modelling approaches are
addressed, while the potential success of field scale applications are
scrutinized. Future research is also highlighted with a definite direction.
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One of the major polluting factors in the polymer industry is the use of volatile
organic solvents in polymer synthesis, which are hazardous and detrimental
to the environment. It is imperative to find and use environmentally safe
solvents, for the synthesis of polymers. Ionic liquids (IL) stand out as an
alternative ‘Green’ solvent because of its negligible vapor pressure, nonhazardous nature, chemical and thermal stability1. Ionic liquids are salts of
asymmetric cations and anions which remain as a liquid below 100 °C. The
polarity, solvability, and melting temperature depend on the constituent ions.
The process of polymerization in IL is not only environmentally benign but
also proven to be faster than organic solvents2. This study on RAFT
polymerization of butyl methacrylate in BMIM[PF6] IL showed that the IL
increases the rate of polymerization irrespective of its miscibility with the
monomer. At the end of polymerization toluene or chloroform could be
employed to recover the IL. Also, the RAFT polymerization of 2-hydroxyethyl
methacrylate was studied in a deep eutectic solvent (DES), which is a subclass
of ILs, made of a eutectic mixture of high melting ionic and non-ionic
constituents3. The kinetics of polymerization studied via DSC analysis showed
that DES also increases the rate of polymerization and monomer conversion
(Fig. 1a) compared to the same in organic solvents and other ILs. Interestingly,
the block copolymerization in DES leads to self-assembled structures (Fig. 1b),
proving that DES is a potential solvent for polymerization induced selfassembly (PISA).
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Figure 1 – (a) Monomer Conversion plots of RAFT polymerization of HEMA in
different solvents using DSC analysis (b) TEM image showing a self-assembled
morphology of block copolymerization of HEMA and MMA in DES.
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Polymers have significantly replaced metals in various sectors such as the
aerospace, automotive, electronics, energy industries, etc. as they have the
advantage of the greater design freedom, significant weight reductions, and
improved performance. The recent development of controlled radical
polymerization (CRP) leads to the synthesis of many well-defined architectures
with predictable molecular weights [1]. Traditionally, thermally labile
initiators (typically azo-containing compounds like AIBN) or redox-active
transition metal catalysts have been employed to activate radical
polymerisations, leading to issues with product contamination and safety
concerns, particularly in high-value applications such as food, consumer goods
and healthcare. Ultrasound-assisted RAFT polymerization in aqueous media is
a novel initiator-free, “green” polymerization technique [2]. Here, radicals
produced ultrasonically would spread homogeneously throughout the reaction
mixture. Under ultrasonic environment, the radical species are generated
because of vaporization of liquid molecules into cavitational bubbles leading
to their growth and subsequent spontaneous collapse, which in turn creates
localized heat and pressure that degrades the water into its radical species
such as hydroxyl radicals and hydrogen atoms. Employing this approach, we
aim to remove the requirement for an exogenous radical initiator in aqueous
controlled polymerisations. In addition, the living character of the polymer
chains are studied to assess the capability to produce polymers with specific
architectures such as star polymers, block co-polymers, etc and as well as to
understand the chain extension properties under ultrasonic cavitation [3].

References
[1] Matyjaszewski, K.; Tsarevsky, N. V. Macromolecular Engineering by Atom
Transfer Radical Polymerization. J. Am. Chem. Soc. 2014, 136 (18), 6513-6533 DOI:
10.1021/ja408069v.
[2] McKenzie, T. G.; Colombo, E.; Fu, Q.; Ashokkumar, M.; Qiao, G. G. Sono-RAFT
Polymerization in Aqueous Medium. Angew. Chem. Int. Ed. 2017, 56 (40), 1230238 | P a g e

12306 DOI: 10.1002/anie.201706771.
[3] Collins, J.; McKenzie, T. G.; Nothling, M. D.; Ashokkumar, M.; Qiao, G. G. High
frequency sonoATRP of 2-hydroxyethyl acrylate in an aqueous medium. Polymer
Chemistry 2018, 9 (19), 2562-2568 DOI: 10.1039/C8PY00456K.

Keywords

Ultrasound, Controlled Radical Polymerization, RAFT

39 | P a g e

Finite Time Distributed Optimisation Algorithms

Author
Bigi Varghese philip
Tansu Alpcan
Jiong Jin
Marimuthu Palaniswami

Affiliation
Department of Electrical and Electronic Engineering, The
University of Melbourne
Department of Electrical and Electronic Engineering, The
University of Melbourne
School of Software and Electrical Engineering, Swinburne
University of Technology
Department of Electrical and Electronic Engineering, The
University of Melbourne

This work studies the delay-accuracy trade-off for an unconstrained quadratic
Network Utility Maximization (NUM) problem, which is solved by a
distributed, consensus based, constant step-size, gradient-descent algorithm. A
finite-time distributed algorithm is proposed to solve the problem under
synchronised message passing. For a system with N agents optimising on M
variables, the algorithm reaches any desired accuracy within N(M+1) + 1
iterations, by adjusting the step-size, α. However, if N or M is quite large or if
the agents are constrained by their memory or computational capacities,
asymptotic convergence algorithms are preferred to arrive within a
permissible neighborhood of the optimal solution. The analytical tools and
algorithms developed shed light to delay-accuracy trade-off required for many
real-time IoT applications, e.g., smart traffic control and smart grid. As an
illustrative example, we use our algorithm to implement an intersection
management application, where distributed computation and communication
capabilities of smart vehicles and roadside units increase the efficiency of an
intersection.
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Ultrasonics is an emerging technology successfully implemented to produce
spectrum of functional materials, used in many applications particularly food
processing, imaging, polymerizations, nanomaterial synthesis, and biomedical
field. During ultrasound treatment, sound waves interacts with gas bubbles
inherently present in the aqueous solution to initiate different chemical
reactions by the phenomenon called acoustic cavitation. A gamut of reports is
available on the use of ultrasound to achieve multiple reactions on complex
organic molecules like oxidative coupling reactions, condensation reactions,
hydrolysis of an ester linkage, cross-linking of thiolated synthetic polymer, and
C-C coupling of phenolic moieties. It has also been reported that the gas-liquid
interface at the reactive and oscillating surface of the cavitation bubble act as
the catalytic binding site for the coupling of complex biomolecules which
further self-assembled to form nanostructures under ultrasonic conditions. In
this study, we have demonstrated the effect of high frequency ultrasound on
self-assembling peptide molecules for the first time. As a result, well-defined
biocompatible nanoparticles were synthesized under specific experimental
conditions. Further in-vitro study substantiated its usefulness as an emerging
nanocarrier in drug delivery applications.
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Cloud computing technology is one of the most significant technical advents of
the last decade and extension of this facility towards access networks by
aggregation of cloudlets is a step further. To fulfill the ravenous demand for
computational resources entangled with the crisp latency requirements of
various computationally intensive and mission critical applications,
installation of cloudlets near access seems to be a very promising solution
because of its support for wide geographical network distribution, low latency,
mobility and heterogeneity. In this research, we propose a hybrid cost-optimal
cloudlet placement framework over existing fiber-wireless access networks.
We primarily focus on static cloudlet network planning and placement, i.e.,
identification of exact optimal cloudlet placement locations over urban,
suburban and rural deployment scenarios to provide guidance on the
installation cost and assess the workload distribution among different
cloudlets and the percentage of incremental energy arising from the presence
of cloudlets in the fiber-wireless access networks. Cloudlet computing systems
are essentially distributed systems and depending on the mobility pattern and
dynamically varying computational requirements of associated mobile
devices, cloudlets at different parts of network become either overloaded or
under-loaded. Hence, load balancing among neighboring cloudlets appears to
be an essential research problem. Therefore, the second objective of this
research is to explore efficient load balancing frameworks among neighboring
cloudlets. Firstly, centralized frameworks are designed where a controller
node decides the load balancing strategies for the neighboring cloudlets.
Secondly, distributed frameworks are designed where the neighboring
cloudlets find their load balancing strategies independently without
exchanging extensive control messages among themselves.
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Kohn-Sham density functional theory (KS-DFT) has become a powerful
technique in electronic-structure calculations in the fields of computational
quantum physics and chemistry. The exact expression for the exchangecorrelation functional is still unknown, and one has to rely solely on
approximate functionals. A large number of such density functional
approximations (DFAs) have been developed, each with their own advantages
and disadvantages, but with limited cross validation. In the 1st half of this
presentation, we present our recent efforts in making the “jungle" of DFAs
more accessible to the user and developer communities. We will address some
of the risks and misconceptions in the field and address the most accurate
DFAs that will benefit the general chemistry community.[1] In the second half
of this presentation, we apply reliable low-cost DFAs to gain computational
insights into macrocyclic compounds that have been shown to be able to
encapsulate group I metal cations. The isolation of such ions-especially from
aqueous solution-is challenging due to their high hydration enthalpy but can
be facilitated by the macrocyclic compound cyclotricatechylene (CTC), which is
rigid bowl-shaped and can form clam-like units that can be used selectively
bind metal cations. We present a detailed analysis of the factors that stabilizes
such CTC- based capsules at different protonation states and their interaction
with various encapsulated guests [2]. These results will provide an insightful
understanding and useful guidance for future synthesis of these systems.
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Abiotic stresses such as heat, cold, drought and salinity have negative
implications on plant development. Due to their sessile nature, plants have
evolved adaptation strategies to cope with these abiotic stresses. Timely and
efficient response to abiotic stress is a key to plant survival, crop productivity,
and yield loss. Hsf genes constitute an important family of transcription
factors which play critical roles and act as central regulators in plant
responses to different stresses. The Hsf gene family is larger in plants in
comparison to animals. Brassica napus has the largest Hsf gene family known
till date. The genomes of B. rapa and B. oleracea have undergone natural
hybridisation approximately 7500 years ago and resulted in the formation of
an allopolyploid B. napus. Small scale and global duplication events can result
in gene family expansion. We undertook a comparative analysis of Hsf gene
family in B. oleracea, B. rapa and B. napus and highlighted the role of
hybridisation and allopolyploidy in the evolution of the largest known Hsf
gene family in B. napus. The presence of orthologous gene clusters, found in
Brassica species, but not in A. thaliana, suggested that polyploidisation has
resulted in the formation of new Brassica-specific orthologous gene clusters.
High-level synteny was observed within B. napus genome. Conservation of
physical location, the similarity of structure and similar expression profiles
between the B. napus Hsf genes and the corresponding genes from B. oleracea
and B. rapa suggests a high functional similarity between these genes. Gene
duplication analysis indicated that the evolution of Hsf gene family was under
strong purifying selection in these Brassica species. This study paves the way
for further investigation of Hsf genes which play roles in various stresses and
plant development.
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Flavonoid compounds are well recognized for their diverse health promoting
properties in humans. Methylation of flavonoids catalyzed by plant methyl
transferases is an important modification technique that alters the
biochemical properties of the compounds, thereby enabling extension of their
promising medicinal effects from in vitro to in vivo. Little is known about the
underlying mechanism of in planta methylation and biosynthesis of these
compounds in Eucalyptus is poorly understood. Controversies exist as to the
number and properties of the methyltransferases involved in biosynthesis.
By isolation and characterization of flavanone C-and O- methyltransferases
from Eucalyptus, my research aims to provide a detailed insight into the
underlying mechanism of different types of in planta methylation and the
stage(s) or order in which these compounds are modified. In addition,
localization of flavanones inside specialized secretory structures of Eucalyptus
will facilitate a greater understanding of the ecological function of these
phytochemicals.
Better perception on the in planta methylation and a well-defined flavanone
biosynthetic pathway, will contribute to the effective utilization of Eucalyptus
as commercial source for harvesting of these compounds and also will
improve the effectiveness of flavonoid compounds as pharmaceutical agents.
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Accurate ocean wave measurements are needed for the safe design and
operation of offshore facilities, but despite plenty of ocean wave
measurements, wave analysis remains troubled by continuing uncertainty on
what exactly the instruments are measuring and how accurate those
measurements are. Of paramount importance are measurement during
extreme sea states. We examine measurements made with Directional
Waverider buoy, Optec Laser and Wave Radar at the North Rankin A during a
TC. We evaluate the performance of these instruments during the TC Veronica
(max. Hs = 7.5 m & max. wind speed = 29 m/s), formed on 20 March 2019, at
NRA, including their performance from QC, and results from various statistical
intercomparisons based on significant wave height and wave periods derived
from wave spectrum. We also analyse the distribution of wave crest elevations
and significant wave heights derived from the wave sensors along with their
probabilities of exceedance from a specified limit. The results from QC and the
comparisons permit us to conclude on the performance of the instruments and
the most suspected cause of discrepancy in the measurements.
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