Projects summaries for 2012 UWA-USTC Research Training Program
Supervisor: Prof. Mikhail Kostylev (Phsyics)
Project Title - Investigations of magnetic dynamics in magnetic nanostructures

Magnonics [1] is a new emerging field of magnetism. It is concerned with magnetic nanostructured materials which are prospective for applications in magnetic random access memory, magnetic logic, microwave spin-torque nano-oscilators and novel microwave signal processing devices. 

In this work the student will have a chance to participate in measurements of ferromagnetic resonance spectra of various magnetic nanostructures using stripline broadband and cavity ferromagnetic resonance setups at UWA. SQuID measurements of hysteresis loops for these materials are also anticipated. If interested, the student will also have a chance to contribute to development of a numerical code to simulate the microwave dynamics of these structures and to carry out simulations in order to explain experimental results he/she will obtain.


While completing this research project the student will learn the basics of Magnetic Dynamics which is an important part of modern Magnetism research. He/she will also familiarise himself/herself with the basics of Microwave Technology.

[1] V. V. Kruglyak, S. O.Demokritov, and D. Grundler, J. Phys. D.: Appl. Phys. 43, 264001 (2010).

Supervisor: Professor Brett Nener (Electrical Engineering)
http://www.uwa.edu.au/people/brett.nener

Project Title - GaN transistors for biological/chemical sensing

These projects will contribute to the development of AlGaN/GaN based transistors sensitised to different  contaminants in water.  Water recycling is well recognised as a critical water supply strategy in the face of ever-increasing water scarcity, in Australia and globally. For an efficient, cost-effective and safe recycling system, online contaminant monitoring is essential. Yet no single, reliable, low-cost technology exists for measuring the myriad of contaminants, chemical, pathological, and more, that exist.  The goal is to produce devices which are fast, sensitive, rugged, reliable, and low-cost, with potential to be applied across a broad variety of contaminants.

Supervisor: Professor Shazzad Hossain (Centre for Offshore Foundation Systems)
Project title: Physical modelling of dynamic installation and monotonic pull-out of OMNI-Max (torpedo) anchor

Background: The OMNI-Max anchor is the last generation of dynamically penetrating anchor. It is intended to anchor Mobile Offshore Drilling Unit (MODU), i.e. it is a temporary mooring and as such is designed to be retrieved. The anchor is expected to combine several advantages, in comparisons to standard drag anchors and vertically loaded anchors, or other dynamically penetrating anchors. It includes a relatively small size and hence reduced vessel bollard pull and storage capacity and limited installation time, and a high uplift and out of plane capacity. These latter two advantages result from specific features included in the design of the MONI-Max anchor. The mooring arm is also strategically located closer to the anchor tip, so the anchor embedment is expected to increase under monotonic pull-out with angle at the padeye lower than 40 degrees. In typical offshore sediments, where the soils strength is increasing with depth, this type of behaviour imply that the  anchor capacity is no longer governed by the anchor characteristics, but by the tensile capacity of the mooring rope.

Objectives: The performance of the OMNI-Max anchor will be investigated through model tests in typical offshore soft clay deposits. The key objectives are to:

· Assess anchor penetration in calcareous silt for various impact velocities.

· Measure the anchor pull-out capacity.

· Assess the anchor trajectory during monotonic pull-out and notably its ability to dive (i.e. increase its embedment). 

Supervisor: Dr. Alfred Tay (who works with Nobel Laureatte, Professor Barry Marshall)
Project Title: Typing of Helicobacter pylori clinical strains

Introduction

Helicobacter pylori is a gram negative, microarerophelic, spiral bacterium that has infected more than half of human global population. For those that are infected, all of them will develop certain degree of gastritis, but only 10% will develop clinical symptoms, such as peptic ulcer, duodenal ulcer, gastric ulcer and only about 1% will develop into a more severe disease such as gastric cancer and mucosa-associated lymphoid tissue lymphoma (MALT) 
 ADDIN EN.CITE 

(2, 9, 10)
. In some developing countries, children as young as 2 years old was found infected with H. pylori. Once infected, one is expected to remain infected in his lifetime until eradication therapy was taken 3()
. It is now known that eradication of H. pylori not only improves ulcer healing but also reduces the recurrence of gastric and duodenal ulcers.

Infection is usually acquired during childhood by intra-familial transmission and in the majority of cases infection is lifelong unless eradication by antibiotic treatment is undertaken 
 ADDIN EN.CITE 

(11, 14)
. The prevalence of H. pylori infection ranges from 25% in developed countries to more than 80% in the developing regions 
 ADDIN EN.CITE 

(14, 16, 17)
. H. pylori is commonly transmitted from mother to child 14()
. Despite H. pylori being well known for its high genetic diversity and frequent recombination, studies also suggest that recombination is rare between isolates from different continents. Therefore H. pylori may serve as a genetic marker of human descent and reflects the human population in which the host spent his/her childhood 
 ADDIN EN.CITE 

(1, 8, 12)
.

Multilocus sequence typing (MLST) of seven housekeeping genes from several hundreds of 
H. pylori strains isolated from different geographical, ethnic, and/or linguistic origins showed that H. pylori followed human migration out of Africa. Eight H. pylori populations which are designated as hpAfrica1 (isolated from countries in Western Africa and South Africa), hpAfrica2 (isolated from South Africa), hpNEAfrica (isolated from Northeast Africa), hpAfrica-Europa, hpEurope (isolated from Europe, the Middle East, India and Iran), hpEastAsia (isolated from China, Korea, Japan, New Zealand, North and South America), hpAsia2 (isolated from Northern India, Bangladesh, Thailand, and Malaysia) and hpSahul (isolated from Australian Aboriginals and Papua New Guineans) have been identified 
 ADDIN EN.CITE 

(1, 8, 12, 15)
. Three of these populations are further divided into subpopulations: hpEastAsia is divided into three subpopulations, hspEAsia (from East Asians), hspAmerind (from native Americans) and hspMaori (from Taiwanese Aboriginals, Melanesians and Polynesians); hpAfrica1 is divided into hspSAfrica and hspWAfrica; hpEurope is divided into Ancestral European 1 (AE1) and Ancestral European 2 (AE2) 
 ADDIN EN.CITE 

(1, 8)
.

Prevalence of bacterial resistance varies in different geographic areas, and it is now known to correlate with the consumption of antibiotics in the general population 
 ADDIN EN.CITE 

(4, 13)
. For instance, careful use of macrolides in Northern European countries was shown with a lower H. pylori clarithromycin resistance rate compared to Southern European countries, where clarithromycin is largely used 
 ADDIN EN.CITE 

(5-7)
. During the last two decades, a widespread use of antibiotics, such as clarithromycin for respiratory infections, metronidazole for anaerobic bacteria and levofloxacin for urinary infection, has increased the occurrence of primary H. pylori resistance in the general population 
 ADDIN EN.CITE 

(4, 6, 13)
. Hence, this project is aimed to sequence the seven housekeeping genes of selected clinical strains (Table 1) and determine their Helicobacter population origin. The student will be trained how to operate in a PC2 facility, culture H. pylori, DNA extraction, run PCR, and analysis of DNA sequencing result. 

Table 1. Selected clinical strains

	Lab ID
	Antibiotic resistant profile

	11/04
	Ciprofloxacin resistance

	11/44
	Ciprofloxacin resistance

	11/54
	Ciprofloxacin resistance

	11/55
	Ciprofloxacin resistance

	
	

	11/08
	Rifabutin resistance

	11/20
	Rifabutin resistance

	11/21
	Rifabutin resistance

	
	

	11/35
	No resistance

	11/42
	No resistance

	11/48
	No resistance
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Supervisors: Professor Kevin Judd and A/Prof Thomas Stemler (Mathematics & Statistics)
Project: Modelling networks of coupled non-linear systems.
The student will learn something about chaotic systems and network systems. The project would involve developing numerical simulations to investigate phenomena we are interested and perhaps develop some theory to model the results. Its kind of an experimental applied mathematics project.

Professor Ian Small and A/Prof Sandra Tanz (ARC Centre of Excellence, Plant Energy Biology)
A decisive biological significance of C4 plants is their inherent spatial separation of the photosynthetic reactions into two different cell types, mesophyll (M) and bundle sheath (BS) cells. This cellular compartmentalization engenders greater metabolic efficiency in arid environments, with studies showing up to 50% greater biomass and a higher water- and nitrogen-use efficiency in C4 plants compared with C3 plants. Consequently, research into C4 photosynthesis could develop a method to transfer the highly efficient C4 pathway into C3 crop plants and thereby implant greater environmental suitability into the world’s major food crops, such as rice and soybean 
 ADDIN EN.CITE 

(1, 2)
. 

Studies so far have concentrated on nuclear gene expression of M and BS cells in C3 and C4 plants 
 ADDIN EN.CITE 

(3, 4)
. However, the regulation of organellar gene expression in chloroplasts and mitochondria has mostly been overlooked. This is surprising because, in addition to the modified biochemistry of C4 photosynthesis and the compartmentalisation of photosynthetic reactions between M and BS cells, the organelle structure in M and BS cells of C4 plants is also modified. For example, functional differences of C4 chloroplasts in the two tissue types are likely to be reflected in differential gene expression. Given this, we are examining the regulation of gene expression in chloroplasts in the M and BS cells, comparing closely related C3 and C4 species. Using laser capture microscopy to separate M and BS cells and quantitative PCR, we generated transcript expression profiles of M and BS chloroplast genomes of the C4 plant Cleome gynandra. The aim of this project is to verify the observed differences in the transcript expression profiles using in situ hybridization. The advantage of this method is to ensure the correct location and accumulation levels of each transcript within the cell. 
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Supervisors: Associate Professor Chris Power, Associate Professor Danail Obreschkow (Physics)

Project Title - Understanding the HI Velocity Function

Subject
The rotation speed of galaxies can be estimated from the observed width of the 21 cm line, an emission line in the radio spectrum produced by atomic hydrogen (HI). The statistical distribution of the line widths of a large number of galaxies is called the “HI velocity function”. To understand the dynamics of galaxies measured HI velocity functions can be compared to theoretical models. Such a comparison has recently been carried out in Ref. [3], using the HIPASS observations (see Ref. [2]) and the S3-SAX simulation (see Ref. [3]). The student’s task is to understand the differences between observation and theory, both by studying the observational biases such as selection effects and theoretical limitations. The student will have the great opportunity to work directly with the main scientists, who produced the HIPASS data and the theoretical models.

References
[1] HIPASS Velocity Function (Zwaan 2009) http://arxiv.org/abs/0912.1754
[2] HIPASS Catalog (Meyer 2004) http://arxiv.org/abs/astro-ph/0406384
[3] S3-SAX Simulation (Obreschkow 2009) http://arxiv.org/abs/0904.2221
Supervisor: Professor Jingbo Wang (Physics)

Title: Quantum Walks

Random walks are an important tool in many areas of science. Likewise, quantum walks have shown much potential as a framework for developing a new generation of quantum algorithms, namely software for a quantum computer. Our approach involves interacting and entangling particles as they go for a quantum walk.
Supervisors: Associate Professor Ajmal Mian, Associate Professor Du Huynh (School of Computer Science and Software Engineering) and Associate Professor Jan Hemmi (School of Animal Biology)

One student will be selected to work on one of the projects below. You can apply for either. 
Project 1: Reconstructing the Path, Body and Possibly Head Orientation of Navigating Ants
Bull-ants navigate during the day or night over tens of meters to and from the nest. We are interested in what they see along the way and what visual cues they use to make navigational decisions. To do this, we have to accurately reconstruct their path, body orientation and if possible their head orientation. Some Matlab code has been written already that automatically tracks the ants and we can work out body and head orientation from that information. To do this, we glue retro-reflective tape onto the animal's abdomen and head and then illuminate the scene with infrared. Infrared cameras then pick up the signal, which at night in particular gives us great contrast. 

The aim of this work is to be able to follow ants along their path with a video camera and then later stitch all the images (or the coordinates of the ant back together to reconstruct the full path. We can currently do this only by having a grid marked on the ground. It should be possible to do away without the grid and use image information alone to reconstruct the path. The outcome would be an extremely flexible tool to reconstruct what animals do over extended distances. To be useful, the system does not have to operate without ground-markers altogether, but the fewer markers we need, the better it would be. The camera might need to be stabilised if hand held, or could be mounted on a tripod and then the tripod moved as necessary. 



Project 2: Automatic Tracking of Fiddler Crabs 

Much of the work carried out by Associate Professor Jan Hemmi is based on tracking the movements of fiddler crabs as they move around the field of view of a stationary video camera. The crabs are very small and quite difficult to see (they are about 8-10 pixels long) and have articulated claws and legs. Some Matlab code has been written that uses image matching to track the crabs, but it does not work un-supervised. A number of different ways of doing this have been attempted, but image matching so far is clearly the best. 

As we do not have a good model crab, and rely on a previous image of the video, there is drift in the tracking (every time we go to the latest image template, we consolidate our tracking error). The challenge would be to find a framework that allows more robust tracking. It does not have to be fully automatic, so long as the software can flag where the results are unreliable, so we can manually check. Also, crabs can disappear down into their individual burrows, so if the tracking could detect when crabs go down and when they come back, that would be a big step. Movie sequences are often 1-2 hours in length. 
Supervisors: Gravity wave group - Professor David Blair, Professor Ju Li and Associate Professor Chunnong Zhao 

Project Title: Investigation on 3-mode parametric opto-acoustic interactions

Parametric opto-acoustic interactions have wide application, from suppressing parametric instabilities in advanced gravitational wave detectors, to high sensitivity transducers and low-noise amplifiers.  Recently, there is a great interest of using such techniques to cool the mechanical resonators to quantum state for quantum physics applications.  

To realise such interactions involves designing and operating very high finess optical cavity, designing and testing very low loss mechanical resonators, as well as precision control systems and auto-readout system.  In this project the student will be working with PhD students on certain aspect of the 3-mode parametric interactions experiment.  

Project Title:  Thermoelastic effects in ultra-high-Q dielectric membrane oscillators cooled down to cryogenic temperatures.

Recent advances in fabrication of high-Q thin membrane oscillators made them almost ideal object for experimental tests of foundations of quantum mechanics with optomechanical devices. However, to reach the quantum regime the thermal Brownian noise associated with mechanical losses in such membranes has to be lower than the quantum uncertainties of the membrane oscillations. To reach the quantum regime the membrane has to be cooled to cryogenic temperature. At the same time, precise sensing of the membrane displacement requires high enough laser power to be sent on the membrane, which leads to its heating due to optical absorption. This heating is inhomogeneous because of the laser beam transverse intensity distribution being usually Gaussian, and leads to an inhomogeneous internal stress weakening and thereby the decrease of the membrane mechanical eigenfrequency. Additional complication arises at cryogenic temperature where amorphous dielectric materials have thermal constants dependent on temperature due to quantum effects. 

The main aim of this project is to do a theoretical study of this processes and the analysis of thermoelastic losses and associated thermoelastic noise in the thin high-stress dielectric membranes at cryogenic temperatures.

Supervisor: Professor Pan Jie (Engineering)
Project Title: A study of wave trapping barrtier using acoustical wave propagator technique

The project involves the use time domain wave propagator technique to study sound wave scattering around a wave trapping barrier and to demonstrate the mechanisms of sound absorption and trapping by the barrier.

Supervisor: Professor Zhang Dongke (Centre for Energy, Faculty of Engineering)

Project Title - Sustainability in a Jungle
Consider the issue of sustainable population of animals in the Sherwood Jungle of finite area of land, sufficient sunshine and rainfall, and a diverse range of vegetation. 

A long, long time ago in the Sherwood Jungle live, reproduce and die the rabbits as the only animal species that feeds on the vegetation. What is the sustainable population of the rabbits?

Once upon, foxes are introduced into the Sherwood Jungle as a second species that feeds on the rabbits only. Like the rabbits, the foxes live, reproduce and die. What are the sustainable populations of both the rabbits and the foxes?

Somehow, a third beast species, named Dongkes, arrived, the Dongkes feed on both rabbits and foxes as well as vegetation. Like the rabbits and the foxes, the Dongkes live, reproduce and die. What are the sustainable populations of the Rabbits, the Foxes and the Dongkes?

Supervisor: Professor David Coward (Physics)
Project Title - Probing gamma ray bursts: the biggest explosions in the Cosmos
Gamma ray bursts are the most energetic explosions in the Universe. Their emissions are observed by dedicated NASA satellites in the high energy, and by ground based telescopes in the optical. It is believed that gamma ray bursts are the result of massive stars collapsing to form black-holes in the distant Universe.
There are several exciting core projects available, encompassing observational, theoretical and/or software development depending on the student’s interest:
1)    The study of early optical emissions from gamma ray bursts.
2)    Probing the gamma ray burst high energy and optical emissions – towards an understanding of the central engine.
3)    There are many other projects available. For further options please contact David Coward.
The Neuroecology Group
Principal Supervisors: Prof. Shaun P. Collin, Assoc Prof. Jan Hemmi and Assoc Prof. Nathan S. Hart 

Project Title - Polarisation and motion sensitivity in animals


The sensory capabilities of animals effectively constrain their interactions with their ecosystem. Effective conservation therefore requires a solid understanding of sensory information processing. This project would focus on the presentation of polarised and visual stimuli to the eyes of a range of different animals to elicit some kind of response and to assess sensitivity. This research fits well within the umbrella of understanding the neural basis of behaviour of animals under different environmental conditions.    


Professor David Sampson and A/Professor Brendan Kennedy

The Optical+Biomedical Engineering Laboratory (OBEL) performs research in biomedical optics, biophotonics, and optical microscopy at the interfaces of the disciplines of optics, biomedical engineering, biology and clinical medicine. One programme of research within OBEL focusses on using optical imaging to measure the mechanical properties of tissue with microscopic resolution. This technique is known as elastography. As tumours are typically much stiffer than surrounding healthy tissue, elastography can be used to identify tumourous regions. Using this technique, we aim to provide surgeons with a new tool to improve tumour detection. In elastography, we measure the displacement introduced to tissue when a mechanical load is applied to the sample. The next step involves extracting the strain from the slope of the measured displacement. This project will involve developing an algorithm in post-processing to improve the accuracy of the strain calculation by analysing real data from measurements performed in the hospital. In this project, you will gain a good understanding of optical coherence tomography and elastography, as well as gaining solid experience working in a collaborative team consisting of engineers, physicists and clinicians.
Professor Daniel Murphy and A/Prof Deirdre Gleeson (Soil Science group)

Project title - biochar and greenhouse gas emissions 
Details to follow.
Klaus, David Lumley, Colin Raston, Charlene, Faraone, Anas, Spackman, Charlie Bond, Brendan
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