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3D Printed Mycelium Composites 
Aerospace, Mechanical & Manufacturing group of the School of Engineering and the School of Biosciences 

and Food Technology 

Project Description 

 
The past decade has witnessed a steady rise in the use of mycelium based bio-composites as an 
environmentally friendly alternative to composites based on synthetic polymers derived from non-renewable 
resources such as petroleum and natural gas. Mycelium is the vegetative growth of filamentous fungi and 
comprises of a network of micro-filaments known as hyphae. Hyphae digest and bond to the surfaces of 
organic material under ambient conditions without additional energy input, thereby acting as natural self-
assembling glue. Mycelium provides structural binding properties through the growth of interconnecting 
fibrous threads that form chitin and beta glucan based structural oligosaccharides. Mycelium has several main 
advantages over traditional synthetic polymers including low density, low cost, a less energy intensive 
manufacturing process, and perhaps most importantly, biodegradability. Furthermore, the wide variety of 
substrates on which mycelium grows combined with improvements in processing techniques allows 
manufacturers to customize the material to meet specific requirements (e.g. impact resistance, thermal and 
acoustic insulation, etc.) 
 
Mycelium materials are as geometrically versatile as plastics and are viable for the manufacture of products 
with simple to complex design geometry and uniqueness. Mycelial growth will digest organic feedstocks 
irrespective of arrangement with remarkable precision. Simple shapes are easily achieved using basic moulds. 
More complex geometries can be produced using 3D printed moulds which can also be incorporated into the 
structure through the use of digestible bioplastic or potato starch external scaffolding. 
 
Complex vehicle parts can also be mass produced using injection moulding. Pins, hinges or fasteners can be 
incorporated into parts seamlessly via mycelial growth and parts comprising of both structural and foam 
sections with density variation between outer and inner sections achieved using different species and substrate 
blends. Such versatility allows advanced designs to be realised using mycelium in conjunction with 3D 
printing and injection moulding to produce low-cost, low embodied energy and environmentally sustainable 
materials for a synthetic free future. 
 
References: 

1. Fondazione PLART 2014, The Future of Plastic, viewed 22.07.2016 <http://www.fondazioneplart.it/en-
us/mostre/the_future_of_plastic.aspx>. 

2. González, EM 2010, 'Growing Architecture through Mycelium and Agricultural Waste', Columbia Graduate School of 
Architecture, Planning and Preservation. 

3. Haneef, M, Ceseracciu, L, Canale, C, Bayer, IS, Heredia-Guerrero, JA & Athanassiou, A 2017, Scientific Reports, vol. 7, p. 
41292. 

4. Holt, G, Mcintyre, G, Flagg, D, Bayer, E, Wanjura, J & Pelletier, M 2012, Journal of Biobased Materials and Bioenergy, 
vol. 6, no. 4, pp. 431-9. 

5. Jiang, L, Walczyk, D, McIntyre, G & Chan, WK 2016, Journal of Manufacturing Systems, vol. 41, pp. 8-20. 
 
 
Contact Details 
Senior Supervisor - Professor Sabu John (sabu.john@rmit.edu.au) 
Associate Supervisor - Dr Tien Huynh (t.huynh@rmit.edu.au) 

http://www.fondazioneplart.it/en-us/mostre/the_future_of_plastic.aspx
http://www.fondazioneplart.it/en-us/mostre/the_future_of_plastic.aspx
mailto:sabu.john@rmit.edu.au
mailto:t.huynh@rmit.edu.au
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Metabolic and Polymer-chain Manipulation of Mycelium Composites for 
Enhanced Mechanical Performance 

School of Biosciences and Food Technology 

Project Description 
 
Depleting petroleum reserves coupled with waste management problems and increasingly stringent 
international regulations on embodied carbon necessitates the need for replacement of many traditionally 
synthetic materials with more environmentally responsible materials. 

 
The past decade has witnessed a steady rise in the use of mycelium based bio-composites as an 
environmentally friendly alternative to synthetic polymers derived from non-renewable resources such as 
petroleum and natural gas (Jones et al. 2017). Mycelium is the vegetative growth of filamentous fungi and 
comprises a network of micro-filaments known as hyphae. Hyphae digest and bond to the surfaces  of 
organic material under ambient conditions without additional energy input, thereby acting as natural self- 
assembling glue (Jiang et al. 2016). 

 
Mycelium provides structural binding properties through the growth of interconnecting fibrous threads of 
chitin and beta glucan based structural oligosaccharides (Pelletier et al. 2013). Mycelium has several main 
advantages over traditional synthetic polymers including low density, low cost, a less energy intensive 
manufacturing process, and perhaps most importantly, biodegradability (Jones et al. 2017). 
The wide variety of substrates on which mycelium grows combined with improvements in processing 
techniques allows manufacturers to customize the material to meet specific requirements (e.g. impact 
resistance, thermal and acoustic insulation, etc.) for macro- and micro-scale production (Haneef et al. 2017; 
Holt et al. 2012; Jones et al. 2017; Pelletier et al. 2013). 

 
Biotechnology can be used to exploit biological processes for industrial and other purposes, especially 
through the genetic manipulation of microorganisms. The growth and mechanical properties of mycelium 
composites can be improved through fungal metabolic manipulation and mutation of structural polymers in 
the cell wall to increase mechanical performance, specifically for strength, toughness and fire-resistance. 

 
This could allow for the replacement of many traditionally synthetic materials with advanced mycelium 
composite replacements providing low-cost, low embodied energy and environmentally sustainable 
materials for a synthetic free future. 
References: 

 
1. Haneef, M, Ceseracciu, L, Canale, C, Bayer, IS, Heredia-Guerrero, JA & Athanassiou, A 2017, 'Advanced Materials 

From Fungal Mycelium: Fabrication and Tuning of Physical Properties', Scientific Reports, vol. 7, p. 41292. 

2. Holt, G, Mcintyre, G, Flagg, D, Bayer, E, Wanjura, J & Pelletier, M 2012, 'Fungal mycelium and cotton plant materials  
in the manufacture of biodegradable molded packaging material: Evaluation study of select blends of cotton byproducts', 
Journal of Biobased Materials and Bioenergy, vol. 6, no. 4, pp. 431-9. 

3. Jiang, L, Walczyk, D, McIntyre, G & Chan, WK 2016, 'Cost Modeling and Optimization of a Manufacturing System for 
Mycelium-based Biocomposite Parts', Journal of Manufacturing Systems, vol. 41, pp. 8-20. 

4. Jones, M, Huynh, T, Dekiwadia, C, Daver, F & John, S 2017, 'Mycelium Composites: A Review of Engineering 
Characteristics and Growth Kinetics', Journal of Bionanoscience, vol. 11, no. 4, pp. 241-57. 

5. Pelletier, MG, Holt, GA, Wanjura, JD, Bayer, E & McIntyre, G 2013, 'An evaluation study of mycelium based acoustic 
absorbers grown on agricultural by-product substrates', Industrial Crops and Products, vol. 51, pp. 480-5. 

Contact Details 
Senior Supervisor - Professor Sabu John (sabu.john@rmit.edu.au) 
Associate Supervisor - Dr Tien  Huynh (t.huynh@rmit.edu.au) 

mailto:sabu.john@rmit.edu.au
mailto:t.huynh@rmit.edu.au
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Prediction of Bridge life based on fusion of modeling, sensing and field data 
Manufacturing, Mechatronics and Materials and Civil and Infrastructure Engineering, Rapid Materials 

Discovery and Fabrication Group, City 

Project Description 

The accurate prediction of the life of infrastructure and machinery and engineered objects is vital for the 
design, maintenance and planning of these facilities. Such predictions can be made by: 

• Combining models of physical degradation and environment 
• Analyzing data on degradation and repair of similar objects to derive data driven models 
• From sensor data derived from similar objects 

 
Each of the method have particular advantages and disadvantages and the best method depends on what the 
data is required for. For example sensor data is very valuable for planning the required maintenance of a 
specific piece of infrastructure while a modeling approach is useful for prediction of a network of assets. 

However if these three methods can be fused then a system can be built that combines the advantages of 
each method while substantially reducing the weaknesses’ of any particular method. Further such a system 
could be used for the design of specific infrastructure, the maintenance and reliability management of 
specific facilities and the overall asset planning and management of a collection of facilities. 

The aim of the project will develop such a system for Bridges as the research team have close collaboration 
with VicRoads and through this can gain access to data and access to bridges for monitoring. The project 
will build a multi-scale model of the degradation of bridges, a data base of bridge life and repair and 
undertake a limited monitoring program to measure environment and degradation on a bridge. The project 
will look at methods to fuse these different sources of data. 

The project will build on previous work of the research team which have developed a multi-scale model of 
corrosion [1], model of deposition onto bridges[2], a sensor based methodology for measuring degradation 
of infrastructure[3] and data base protocols [4], stochastic deterioration models using level 2 condition data 
[5] and artificial neural networks to understand the effect of influential factors [6]. The project will apply 
the developed method to the life prediction of a category of bridges within the VicRoads network. 

References 

1. Cole, I.S., Muster, T.H., Paterson, D.A., Furman, S.A., Trinidad, G.S. and Wright, N., ‘Multi-scale modeling of the 
corrosion of metals under atmospheric corrosion’, Electrochimica Acta, 56(4), 1856–1865, 2011. 

2. CRC for Construction Innovation (2007) Report : effect of natural cleaning on saltdeposition on Queensland bridges. 
CRC for Construction Innovation, Brisbane 

3. Ivan S Cole, Penny A Corrigan, Wayne Ganther, Tim Ho, Chris J Lewis, Tim H Muster, David Paterson, Don C Price, 
DA Scott, David Followell, Steve Galea, Bruce Hinton, “Development of a sensor-based learning approach to 
prognostics in intelligent vehicle health monitoring”, Prognostics and Health Management, 2008. PHM 2008 

4. Cole, I., Trinidad, G., Corrigan, P., Maher, M.L., Liew, P., Gilbert, D., Ball, Mand Carsed, A. Defining reference 
service life : an open innovation approach.In : 10DBMC International Conference on Durability of Building Materials 
and Components, 17–20 April 2005., Lyons, France 

5. Hasan, M. Setunge, S. Law, D. and Koay, Y. 2014, 'Forecasting deterioration of bridge components from visual 
inspection data', in International Journal of Engineering and Technology, International Association of Computer 
Science and Information Technology, Singapore, vol. 7, no. 1, pp. 40-44 ISSN: 1793-8236 

6. Ranjith, S. Setunge, S. Gravina, R. and Venkatesan, S. 2013, 'Deterioration prediction of timber bridge elements using 
the Markov chain', in Journal of Performance of Constructed Facilities, American Society of Civil Engineers, 
United States, vol. 27, pp. 319-325 ISSN: 0887-3828 

 
Contact Details 
Senior Supervisor - Professor Ivan Cole (ivan.cole@rmit.edu.au ) 
Associate Supervisor - Professor Sujeeva Setunge (sujeeva.setunge@rmit.edu.au) 

http://ieeexplore.ieee.org/abstract/document/4711441/
http://ieeexplore.ieee.org/abstract/document/4711441/
http://ieeexplore.ieee.org/abstract/document/4711441/
mailto:ivan.cole@rmit.edu.au
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Molecular Probing Techniques for Detection of Microalgal Toxins 
Rapid Materials Discovery and Fabrication Group (City), Centre for Environmental Sustainability and 

Remediation (EnSuRe), Bundoora 

Project Description 

The project will develop new sensors combining nano and micro functionalities to allow accurate in situ 
detection of micro-algal toxins. Algal toxins can have serious effects (1) both on public health, particularly 
through drinking water quality and the quality of aqueous ecosystems and productivity of aqueous based 
harvesting (shellfish etc.). Thus it is vital that critical or sensitive freshwater, coastal or marine resources are 
monitored (1). 

There are several established vivo and in vitro bioassay methods that currently represent the bench mark for 
testing of algal toxins, however these approaches are generally expensive and require laboratory analysis. 
What are required are rapid, in-situ methods to obtain rapid, in-field measurements and to trace causative 
organisms at the molecular level (1). Among the most promising molecular probing/in situ mechanisms is 
the use of coupled nanostructure and RNA or DNA specific binders (2-3). 

There are two approaches to such system; in one the nano-structure is used as an amplification process for 
DNA-based electrochemical detection and in the other the nano-dot is functionalized with the DNA probe 
and changes in the fluorescence of electrochemical activity of the couple is used as the detection strategy. 
The nucleic acid probes target for species-specific sequences of rRNA from toxin-producing microalgae. 
Greater detection efficiency and measurement flexibility can be obtained if the dot/DNA (or RNA) couple is 
embedded in a microfluidic device. 

Thus the project will investigate both fluorescent and electrochemical detection of algal toxins via molecular 
probing based on nano-structures and DNA/RNA probes. The project will develop the couples, assess their 
sensitivity and define the most promising signal extraction route. It will assess if a device can be formed by 
incorporating the sensing couple into a microfluidic device and what the utility of such a device as an in situ 
sensor is. 

References: 
1) Zhang C and Zhang J. Current techniques for detecting and monitoring algal toxins and causative harmful algal blooms 

(2015). Journal of Environmental Analytical Chemistry, 2:1 http://dx.doi.org/10.4172/JREAC.1000123. 
2) Vijian D, Chinni SV, Yin L-S, Lertanantawong B, Surareungchai W, Non-protein coding RNA-based genosensor with 

quantum dots as electrochemical labels for attomolar detection of multiple pathogens (2016). Biosensors and 
Bioelectronics 77, 805–811. 

3) Wu L, Xiong E, Zhang X, Zhang X and Chen, J, Nanomaterials as signal amplification elements in DNA-based 
electrochemical sensing (2014). Nano Today 9, 197—211. 

 
Contact Details 
Senior Supervisor - Professor Ivan Cole  (ivan.cole@rmit.edu.au ) 
Associate Supervisor - Professor Donald Wlodkowic (donald.wlodkowic@rmit.edu.au) 

http://dx.doi.org/10.4172/JREAC.1000123
mailto:ivan.cole@rmit.edu.au
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Nano-scale Monitoring of Surface Reactions 
Rapid Materials Discovery and Fabrication Group, Chemical and Environmental Engineering, Rheology and 

Materials Group (RMPG), City 

Project Description 

The project will develop in-situ nano-spatial and high accuracy methods to monitor surface aqueous  
reactions and their products. The ability to monitor surface reactions at the nano-scale could lead to lead 
significant advances in material and surface design, surface maintenance and life and the control of surface 
reactions. In turn this would be of great benefit in developing corrosion resistant and anti-fouling surfaces, 
biocompatible surfaces for implants and micro-reactors. 

There have been significant developments in the use of fluorescent nano-dots (quantum, carbon and 
graphene) for molecular and ionic sensing and very low concentrations in solution (1-3). Such dots could 
also be used to monitor surface reactions if tethered or constrained at the surface. 

The project will initially develop nano-scale monitoring of corrosive surfaces focusing on systems with 
highly localized corrosion (such as structural aluminum (4)) and will use nano-dots to develop a spatial and 
temporal understanding of the early stages of corrosion for these systems. It will then investigate how 
inhibitors are effectively limiting surface activity. The understanding of early activity of inhibitors will 
provide critical information allowing refinements of the molecular structure of inhibitors. To do this the 
project will need to develop methods of tethering the dots, developing dots of the required specificity and 
sensitivity and in-situ measurement of dot fluorescence. Once the system has been demonstrated on 
corrosive surface it will be extended to a second significant application that may either be a biocompatible 
surface for implants or micro-reactors. 

References. 
1. Wang, W., Kim, T., Yan, Z., Zhu, G., Cole, I., Nguyen, N.-T., Li, Q., Carbon dots functionalized by organosilane with double- 
sided anchoring for nanomolar Hg2+ detection (2015) Journal of Colloid and Interface Science, 437 (2015) 28-34 2. Zong, J., 
Yang, X., Trinchi, A., Hardin, S., Cole, I., Zhu, Y., Li, C., Muster, T., Wei, G. Carbon dots as fluorescent probes for "off-on" 
detection of Cu2+ and l-cysteine in aqueous solution, Biosensors and Bioelectronics, 51 (2014) 330-335, 3. Vasudevan, D., 
Trinchi, A., Hardin, S.G., Cole, I.S., Fluorescent heavy metal cation sensing with water dispersible 2MPA capped CdSe/ZnS 
quantum dots, Journal of Luminescence, 166 (2015) 88-92 4. Catubig, R., Hughes, A.E., Cole, I.S., Chen, F.F., MacRae, C.M., 
Wilson, N.C., Glenn, A.M., Hinton, B.R.W., Forsyth, M. The influence of rare earth mercaptoacetate on the initiation of corrosion 
on AA2024-T3 Part II: The influence of intermetallic compositions within heavily attacked sites Corrosion Science 95 (2015) 40- 
50 

 
 
Contact Details 
Senior Supervisor - Professor Ivan Cole (ivan.cole@rmit.edu.au) 
Associate Supervisor - Dr Liam Ward (liam.ward@rmit.edu.au) 

mailto:ivan.cole@rmit.edu.au
mailto:liam.ward@rmit.edu.au
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Optimizing the Surface Condition of 3D additive manufactured implants 
Rapid Materials Discovery and Fabrication Group, Chemical and Environmental Engineering, Rheology and 

Materials Group (RMPG), City 

Project Description 

The production of human implants by 3D printing offers a range of technical advantages over traditional 
manufacturing methods, notably the ability to tailor the implant to exact size required for the patient and the 
ability to form complex shape that may have clinical advantages. As with all implants, additively 
manufactured implants need to be both durable and biocompatible. However unlike other manufacturing 
methods, additively manufacturing offers the possibility of adjusting the surface form to alter such 
properties. 

This project will look at the biocompatibility and durability of a range of commercial implants as a function 
of 3D additive manufacturing method (electron beam melting (EBM) and laser melting-Laser Engineered 
Net Shape or LENS) and conditions, post production treatments and additional coatings or passivation 
techniques. Both EBM and LENS allow the properties of the surface such as microstructure, porosity and 
roughness to be tailored by controlling the process parameters (Bandyopadhyay et al., 2009). Further the 
corrosion resistance of an implant to simulated body fluid can be improved by creating a corrosion resistant 
barrier layer on it (Barranco et al., 2011) A range of additive chemistries will be used including near pure 
titanium, Ti-6Al-4V, and a range of titanium – tantalum alloys. The titanium-tantalum alloys may provide 
both enhanced mechanical properties and biocompatibility 

Once produced the matrix of test components will be characterised for mechanical, metallurgical and surface 
properties and biocomapability tests and corrosion in simulated human body fluid will be undertaken. 
Underlying relationships between alloy chemistry, production methods, properties and performance will be 
determined and optimal conditions for manufacture devised. 

References. 
1. Bandyopadhyay, A., Krishna, B., Xue, W. & Bose, S. 2009. Application of laser engineered net shaping (LENS) 

to manufacture porous and functionally graded structures for load bearing implants. Journal of Materials Science: 
Materials in Medicine, 20, 29-34. 

2. Barranco, V., Escudero, M. & Garcia-Alonso, M. 2011. Influence of the microstructure and topography on the 
barrier properties of oxide scales generated on blasted Ti6Al4V surfaces. Acta biomaterialia, 7, 2716-2725 

3. Zhou, Y.-L. & Niinomi, M. 2009. Ti–25Ta alloy with the best mechanical compatibility in Ti–Ta alloys for 
biomedical applications. Materials Science and Engineering: C, 29, 1061-1065. 

 
Contact Details 
Senior Supervisor - Professor Ivan Cole (ivan.cole@rmit.edu.au ) 
Associate Supervisor - Dr. Xiaobo Chen (xiaobo.chen@rmit.edu.au) 
Joint Associate Supervisor - Dr Liam Ward (liam.ward@rmit.edu.au) 

mailto:.cole@rmit.edu.au
mailto:liam.ward@rmit.edu.au
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Moving arc machining of superhard materials 
Manufacturing, Materials and Mechatronics 

Project Description 

Owing to their ultra-hardness and exceptional wear resistance, superhard materials such as Synthetic 
diamond, Cubic boron nitride (CBN), polycrystalline cubic boron nitride( PCBN) are used in numerous 
applications such as bearing, nozzle, oil& gas, hardrock mining and metal cutting. However, their super 
hardness means that products made of these materials are incredibly difficult to manufacture. 

Arc motion technology was first developed in the 1950s for the use of arc gas heaters in wind tunnels to 
simulate the thermal effects associated with spacecraft re-entry. The long conduction times required the use 
of “moving arcs” to reduce the electrode erosion [i]. Based on similar principles, many plasma and arc 
machining methods have been developed since 1980s by using high voltage DC power supply and 
mechanical or hydrodynamic arc breaking mechanisms. Examples of such methods include electrochemical 
arc machining (ECAM), arc dimensional machining (ADM), electro-melting-explosion (EME) machining, 
short electric arc machining (SEAM), arc sawing (AS), and blast erosion arc machining (BEAM) [ii, iii]. A 
significant increase in machining efficiencies of more than 100 times higher than that of EDM have been 
achieved by these methods. However, due to the application of DC power and the unreliable arc breaking 
mechanisms, by no means can the On and Off of the arcs, as well as the discharging energies, be accurately 
controlled, and none of them can be used to machine high accuracy diamond parts such as PCD cutting 
tools, in which case the accurate control of arc behaviours is an essential requirement. 

The aim of the project is to discover the mechanisms of arc movement caused by the wheel electrode and 
dielectric and develop a new approach for electrical arc machining of superhard materials. The objectives 
are to discover the mechanisms of arc movement with a rotating wheel electrode and flushing dielectric, and 
investigate the erosion theories of electrical arcs and different pulses. 

References: 

[1]F. M. Lehr and M. Kristiansen “Electrode erosion from high current moving arcs”, IEEE Trans. Plasma Sci., 1989, Vol. 17 (5).
p.811- 817

[1] M. Zhang, Q. Zhang, L. Dou, Q. Liu, C. Dong “Effects of flushing on electrical discharge machining and electro-arc
machining” Proceedings of Institute of Mechanical Engineers, Part B: Journal of Engineering Manufacture , 2016, Vol.
230(2), p. 293–302

[1] L. Gu, F. Zhang, W. Zhao, K.P. Rajurkar, A.P. Malshe “Investigation of hydrodynamic arc breaking mechanism in blasting
erosion arc machining” CIRP Annals - Manufacturing Technology, 2016, Vol. 65, p. 233–236

Contact Details 
Senior Supervisor - Associate Professor Songlin Ding (songlin.ding@rmit.edu.au ) 
Associate Professor - Professor John Mo (john.mo@rmit.edu.au) 

mailto:chris.mcconville@rmit.edu.au
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High Speed CNC Machining of Titanium Alloys 
Manufacturing, Materials and Mechatronics 

 

Project Description 

The excellent mechanical properties and outstanding corrosion resistance of Titanium alloys have led to 
successful applications of Titanium alloys in aerospace industry and biomedical engineering. However, the 
inherent properties of low thermal conductivity and high chemical reactivity of Titanium alloys cause poor 
machinability. They adversely affect tool life, cause premature tool failure, and eventually lead to extremely 
low efficiency. Furthermore, incorrect cutting conditions during Titanium machining operations cause 
chatter vibration and result in poor surface finish and inaccuracy. 

Recently, advanced materials such as cubic boron nitride (CBN), polycrystalline cubic boron nitride  
(PCBN), binderless cubic boron nitride (BCBN), and PCD become available for cutting tools. Among these 
new materials, CBN and PCBN tools are not suitable for machining Titanium alloys because of their poor 
performance [1]. The high reactivity of Titanium alloys caused excessive wear of CBN/PCBN tools [2]. On 
the contrary, the significant hardness and excellent thermo conductivity of polycrystalline diamond (PCD) of 
up to 500 W/mK at 300oC makes it the most promising tool material for Titanium machining [3]. 
Meanwhile, so far the main methodologies to avoid and suppress chatter are based on online monitoring and 
offline stability lobe diagrams by selecting the maximum cutting parameters allowed by the cutting system 
[7]. The prediction result based on a constant dynamic property becomes unreliable if the constant machine 
setting is applied during the entire milling process. Moreover, the dynamic response will change with the 
cutting locations of the moving cutting tool if wall thickness varies. Unfortunately, both issues have not been 
addressed by current researchers due to the difficulties in modelling thin wall cutting process 

The aim of this project is to develop an innovative solution to increase the machining efficiency in the 
milling of Titanium alloys. The solution comprises two parts: to develop a new low cost end mill using 
Polycrystalline Diamond (PCD) and to create the knowledge base for optimising tool life and increase 
machining efficiency in CNC machining Titanium alloys. 

References: 
[1] J.A. Arsecularatne,        L.C.  Zhang, C. Montross,  “Wear and tool life of tungsten carbide, PCBN and PCD cutting tools”, 

International Journal of Machine Tools & Manufacture, 2006, Vol. 46 (5), p.482-491. 
[2] D.  K.  Aspinwall,  R.  C.  Dewes,  A.  L.  Mantle “The  Machining  of  y-TiAl  Intermetallic  Alloys”, CIRP  Annals  - 

Manufacturing Technology, 2005, Vol. 54 (1),  p.93- 104. 
[3] W. Pan, S. Ding, J. Mo (2015). The prediction of cutting force in end milling Titanium alloy (Ti6Al4V) with PCD tools. 

Proceedings of the Institution of Mechanical Engineers, Part B, Journal of Engineering Manufacture, 231 issue: 1,  
page(s): 3-14 

 
 
Contact Details 
Senior Supervisor - Associate Professor Songlin Ding (songlin.ding@rmit.edu.au ) 
Associate Supervisor - Professor John Mo (john.mo@rmit.edu.au) 

mailto:chris.mcconville@rmit.edu.au
mailto:john.mo@rmit.edu.au
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Electrical Discharge Machining of Polycrystalline Diamond 
Manufacturing, Materials and Mechatronics 

 
 
Project Description 

Diamond material is emerging as a multi-billion-dollar industry driven by the needs of aerospace, 
biomedicine, electronics, manufacturing and mining industries. Owing to its ultra-hardness and exceptional 
wear resistance, polycrystalline diamond (PCD) is an ideal tool material for cutting difficult-to-machine 
materials including titanium alloys, carbon fibre reinforced plastics, ceramic matrix composites and new 
biomaterials such as magnesium alloys. However, the special material structure of PCD results in extremely 
low machining efficiency in the manufacturing of PCD tools. This bottleneck problem has plagued the 
industry for two decades and severely impedes the affordability and application of PCD. 

Abrasive grinding with diamond wheels, laser machining and EDM are the three processes to machine PCD 
materials in current industry. The core challenge in abrasive grinding is the hardness of diamond particles 
sintered in its structure [iv]. Laser machining of PCD is a new technology emerged in the last decade. Due  
to the large heat affect zone and large scale dislodgement of diamond particles caused by laser energy, its 
industrial application is constrained [v, vi] Compared to laser machining, the area of heat affected zone in 
electrical discharge machining (EDM) can be much smaller because of the use of dielectric fluid and more 
importantly, the availability to control discharge energy in each single pulse in the machining process 

The aim of the research is to develop new methodologies and fundamental knowledge for high efficiency  
ED machining of PCD. The objectives are to discover the fundamental theory of new erosion mechanism in 
the conductive layer and catalyst aided electrical discharge machining of PCD, and design novel pulse 
prediction and discrimination algorithms based on the above theory and incorporate them into a new dual- 
stage gap control system. 

References: 

Y. Chen, L. C. Zhang, J.A. Arsecularatne, “Polishing of polycrystalline diamond by the technique of dynamic friction. Part 2: 
Material removal mechanism”, International Journal of Machine Tools and Manufacture, 2007, Vol. 47(10), p.1615-1624. 

J. Wang, Q. Wu, C. Huang, Analysis of the machining performance and surface integrity in laser milling of polycrystalline 
diamonds, Proceedings of the Institution of  Mechanical  Engineers,  Part  B:  Journal  of  Engineering  Manufacture,  2014, 
Vol. 228 (6), p. 903-917 

C. Brechera, M. Emontsa, J.P. Hermania, T. Stormsa “Laser Roughing of PCD”, Physics Procedia, 2014, Vol. 56, p.1107 –  1114 
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The dynamics of the adoption of autonomous road vehicle technology 
Manufacturing, Materials and Mechatronics and Intelligent Cyber-Physical Transport Systems Research 

Group, City 
 
 
Project Description 

The adoption of autonomous vehicles faces large barriers due to the perceived risks to safety and privacy. 
Undesirable events, such as crashes and data theft, might occur as a result of malfunctioning control systems 
and malicious hacking. 

This project develops a simulation tool based on the analysis of leverage points for the adoption of 
autonomous car technology. Use of the tool will enable government and manufacturers to explore ‘what-if’ 
scenarios towards the development of a coherent suite of technology and policies that facilitate adoption. 
This project was recently proposed by the Intelligent Cyber-Physical Transport Systems Research Group for 
a successful $55 million iMOVE Cooperative Research Centre (http://imovecrc.com/), where RMIT 
University is a partner. 

The use of the tool will increase the certainty of decisions around interventions for the adoption of 
autonomous cars by increasing decision-makers’ understanding of the drivers of/barriers to success.  The 
tool, in conjunction with other decision tools, will enable the development of robust suites of technology and 
policies. Although the tool will be based on the Australian context, it can be adapted to other regions of the 
world. 

Wider societal impacts of supporting the development and adoption of autonomous vehicles and technology 
include: the provision of traveller-centric and personalised experiences, better mobility for elderly or 
disabled Australians, safer travel, faster travel times, lower energy use, and lower greenhouse gas emissions. 
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Dynamic life cycle assessment for autonomous urban transport systems 
Manufacturing, Materials and Mechatronics and Intelligent Cyber-Physical Transport Systems Research 

Group, City 
 
 
Project Description 

Autonomous and connected cars can improve safety and comfort, as well as reduce energy consumption and 
greenhouse gas emissions through: optimal choice of route; the control of acceleration, braking, and speed; 
and higher connectivity/accessibility to public transport. 

This project will develop a new and robust methodology to estimate the life-cycle environmental impacts of 
the urban transport system, accounting for changes in ridership and driving behavior. Insights developed will 
enable government to implement policies to reinforce constructive behaviors (e.g., shift to autonomous and 
mass transit) and mitigate adverse behaviours (e.g., urban sprawl). This project was recently proposed by the 
Intelligent Cyber-Physical Transport Systems Research Group for a successful $55 million iMOVE 
Cooperative Research Centre (http://imovecrc.com/), where RMIT University is a partner. 

The application of the methodology will enable the development of knowledge and insights that  will 
increase the certainty of decisions around policies for the optimal ridership of urban transport vehicles. 
Optimal ridership can ensure low greenhouse gas emissions while maintaining a good level of travel service, 
assisting to meet national commitments to mitigating climate change. Although the tool will be based on the 
Australian context, it can be adapted to other regions of the world. 

Wider societal impacts of supporting the development and adoption of autonomous vehicles and technology 
include: the provision of traveller-centric and personalised experiences, better mobility for elderly or 
disabled Australians, safer travel, faster travel times, lower energy use, and lower greenhouse gas emissions. 
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Benchmarking of energy productivity for Australian manufacturing and 
commercial processes 

Manufacturing, Materials and Mechatronics, City 
 
 
Project Description 

Following the UNFCCC 21st Conference of Parties (COP21) in Paris, Australia has committed to reducing 
greenhouse gas emissions to 26-28 per cent on 2005 levels by 2030 [1]. A large part of the strategy for 
achieving this target is to increase the renewable energy generation. A smaller part is to increase energy 
productivity. 

The average demand-side productivity/efficiency initiative, however, is more cost-effective than the average 
supply-side installation [2, 3] and has high potential to reduce emissions [4]. Therefore, some of the 
investment into renewable energy generation could be redirected to end-use productivity initiatives for better 
outcomes. There is, however, a paucity of relevant, up-to-date benchmark data on productivity initiatives to 
support decision making by Australian manufacturing and commercial operators. 

This project involves the development of an intelligent software tool that predicts the expected and 
achievable energy performance of a wide range of processes. The tool will enable Australian operators to 
correctly assess the cost and benefits of productivity initiatives. Higher implementation of such initiatives 
will reduce energy consumption and demand, reducing the stress on the physical energy network and risks  
of failures. Although the models will be derived from Australian data, the methodology can be applied to 
develop models for other regions of the world. 

 
 

References: 

[1]. Department of the Environment and Energy 2015, Australia's 2030 climate change target, Commonwealth of Australia. 

[2]. Jotzo, F. and Kemp, L. 2015, Australia can cut emissions deeply and the cost is low, Centre for Climate Economics and 
Policy, The Australian National University. 

[3]. McKinsey & Company 2008, An Australian cost curve for greenhouse gas reduction, McKinsey & Company. 

[4] Weiss, G., Fagan, E. and Holt, P. 2016, Modelling and analysis of Australia’s abatement opportunities, Report to the 
Department of the Environment, Energetics. 
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Surface modification to enhance corrosion resistance of magnesium alloys 
for biomedical applications 

Manufacturing, Materials and Mechatronics. Discipline/Nano Bio-Metals Group, Bundoora 
 
 
Project Description 

Despite the enormous advances in alternative materials such as biopolymers and bioceramics, metals are still 
the biomaterial of choice for bone implant applications due to their superior mechanical properties. 
However, there are a number of intrinsic problems associated with conventional implant metals, such as 
toxicity, corrosion and high stiffness which must be addressed. 

Magnesium (Mg) alloys have been recently studied extensively for application as biodegradable implants 
[1]. These alloys possess elastic modulus and compressive strength closer to those of natural bone than the 
currently used metallic implants such as Co-Cr alloys and stainless steels [2]. Mg is a major component of 
bone, and is essential to the human metabolism [3-4]. Mg is also a co-factor for many enzymes, and 
stabilises the structures of DNA and RNA [4]. Moreover, the biodegradation of Mg is an advantage for 
implant applications, where the in vivo corrosion produces a soluble, non-toxic hydroxide, and any excess is 
harmlessly excreted in the urine. Therefore, Mg based alloys are promising candidates for biocompatible, 
biodegradable, load-bearing implants, which can remain in the body and maintain mechanical integrity 
during healing, and eventually replaced by natural bone. However, Mg alloys may corrode too fast after 
implantation in the body. Several approaches exist to tailor a corrosion rate of Mg-based materials, thereby 
achieving the necessary degree of control over the degradation rate. Surface modification is one of the most 
important approaches to achieve improved corrosion resistance. Various surface modification approaches, 
such as alkali heat treatment, plasma immersion ion implantation, micro-arc oxidization, and anodic 
oxidization have been proposed to improve the corrosion resistance of Mg alloys [5]. This project is aimed  
at developing a biomimetic coating on magnesium alloys to enhance their corrosion resistance for 
biomedical applications. 

Skill requirement: Laboratory experiments involving microstructural characterisation, corrosion testing, 
metallurgical/chemical/materials engineering. 

References: 
1. Li Y, Wen Cuie, Mushahary D, et al. (2012). Acta Biomaterialia. 8, 3177-3188. 
2. Ding Y, Lin J, Wen Cuie, Zhang D, Li Y (2016). Scientific Reports. 6:31990. 
3. Ding Y, Li Y, Lin JX, Wen Cuie (2015). Journal of Materials Chemistry B. 3, 3714-3729. 
4. Staiger MP, Pietak AM, et al. (2006). Biomaterials. 27(9):1728-34. 
5. Zheng YF, Gu XN, Witte F. Materials Science and Engineering R. 2014,77,1 
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Nanostructured surfacing for titanium alloys for biomedical applications 
Manufacturing, Materials and Mechatronics Discipline/Nano Bio-Metals Group, Bundoora 

 
 
Project Description 

The need to replace, or repair bone in the body becomes increasingly important with age since bones and 
joints degrade and are more prone to fracture due to a decrease in bone density and strength from the age of 
thirty onwards. Metallic biomaterials such as stainless steels (SUS316L), Co-Cr alloys, commercially 
available Ti (Cp-Ti) and Ti alloys (for instance Ti-6Al-4V) are the most commonly used implant materials 
for load-bearing application such as artificial hip, knee and spine replacements [1]. It has been demonstrated 
that Ti and some of its alloys are preferably accepted by human tissue, compared to other metal materials 
such as stainless steels and Co alloys due to their lower elastic modulus, superior biocompatibility and 
corrosion resistance [2-3]. However, bare Ti and its alloys are bio-inert; lacking of a direct chemical bonding 
between implants and host tissue in vivo. This leads to inadequate bioactivity and biocompatibility, which 
may results in premature failure of the implants. 

It is well known that the implant surface plays an extremely important role in the response to the biological 
environment in the body [4]. It has been reported that nanostructured surface could improve the bioactivity 
and biocompatibility of implants, promoting osseointegration that is critical to the clinical success of 
orthopaedic and dental implants [5]. Osteoblast proliferation has been observed to be significantly higher on 
nanophases of alumina, titania, and hydroxyapatite (HA) in comparison with their conventional  
counterparts. 

This project will develop new nanostructured surface and surfacing techniques to improve the bioactivity, 
biocompatibility, and osseointegration of titanium alloy implant materials. The surface properties including 
chemistry, morphology, electronic states and the bioactivity of the titanium alloys after surface modification 
will be characterised and evaluated. The relationships between the surface properties and the cell responses 
will be established. 

Skill requirement: Laboratory experiments involving microstructural characterisation, corrosion testing, 
metallurgical/chemical/materials engineering. 

References: 
1. Williams DF. 1982. Titanium and Titanium Alloys, Biocompatibility of Clinical Implant Materials. Ed. D.F. Williams, 

CRC Press Inc. Florida (1982), Ch 3. 
2. Kim YM, Takadama H, Kokubo T, et al. 2000. Biomaterials. 21, 353. 
3. Biesiekierski A, Wang J, Gepreel MAH, Wen Cuie. 2012. Acta Biomaterialia. 8, 1661. 
4. Minagar S, Berndt CC, et al. 2012. Acta Biomaterialia. 8, 2875-2888. 
5. Minagar S, Wang J, Berndt CC, et al. 2013. Journal of Biomedical Materials Research Part A. 101A, 2726-2739. 
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Novel nanolaminates produced by magnetron sputtering with specific 
material properties 

Manufacturing, Materials and Mechatronics Discipline/Nano Bio-Metals Group, Bundoora 
 
 
Project Description 

Nanolaminates are a new frontier in materials science because they demonstrate significantly different 
properties than their constituents. This new class of materials is multilayer films manufactured from 
alternating layers of different materials that are of nanometer scale thicknesses. It is emphasised that, unlike 
conventional materials, the properties of nanolaminates are not determined simply by the rule of mixtures 
[1]. They display novel physical properties when the nanolayer thicknesses are less than the length scale that 
defines conventional physical properties. For example, ultrahigh hardness results when the nanolayer 
thickness is less than the slip plane dislocation length [2-3]. As well, extremely low thermal conductivity 
arises when the nanolayer thickness is less than the phonon mean free path [4]. 

The development of nanolaminates has attracted significant recent scientific and industrial interest. This new 
class of materials opens up opportunities for new technological applications because of their nanometer  
scale structures and thicknesses [5-6]. 

This project aims to develop novel nanolaminates materials with specific material properties such as 
exceptional high mechanical strength, hardness and elastic modulus, extremely low thermal conductivity, 
high surface quality, and excellent corrosion resistance and so on. This project shall also look into the 
interaction at interfaces between different nanolayers and the transition from nanostructured laminates to 
microstructured laminates in terms of material properties, in particular the layer thickness. Outcomes include 
fundamental understanding of the deformation mechanism of nanolayers and new materials and devices 
based on the chemical and structural control available with engineered nanolaminates and a basis for new 
manufacturing technology. 

Skill requirement: Laboratory experiments involving microstructural characterisation, physical properties 
evaluation, metallurgical/chemical/materials engineering. 

References: 

1. Barbee TW Jr: Proceedings of the 2003 IEEE Aerospace Conference, 4, 745-1754. 
2. Dayal P, Savvides N, Hoffman M: Thin Solid Films, 517, 3698-3703, 2009. 
3. Costescu RM, Cahill DG, Fabreguette FH, et al: Science, 303(5660), 989-990, 2004. 
4. Huang HB and Spaepen F: Acta mater. 48, 3261-3269, 2000. 
5. Koehler JS: Phy. Rev. B, 2(2), 547-551, 1970. 
6. Azadmanjiri J, Berndt CC, et al. Journal of Materials Chemistry A. 2(11), 3695-3708, 2014. 
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3D printing of new titanium alloy scaffolds for biomedical applications 
Manufacturing, Materials and Mechatronics Discipline/Nano Bio-Metals Group, Bundoora 

 
 
Project Description 

One of the key challenges for a successful implant is the biological fixation. It has been observed that solid 
implant materials with a smooth surface can cause encapsulation and lead to loosening of the implant [1]. A 
scaffold implant with a porous structure provides the potential of complete bone ingrowth, which ensures a 
long-term biological fixation. Another critical challenge in load bearing implants is matching the elastic 
modulus of bone [2]. It is well known that bone regeneration and repair are promoted by mechanical loads.  
A solid metal implant is much stiffer than bone and, therefore, can carry a disproportionate amount of the 
biological loads. The surrounding bone is then “stress shielded” and experiences abnormally low levels of 
stress, which can lead to resorption of the bone and again, loosening of the implant [3]. 

The benefits of introduction of a porosity into a solid titanium alloy are twofold: (i) imparting the scaffolds 
with new bone tissue ingrowth ability and space for body fluid transportation which is essential for 
vascularisation; (ii) significantly reduced elastic modulus of the implant material, minimising stressing 
shielding [4]. 

This project is aimed at the development of a new class of titanium alloy scaffolds with bone mimicking 
properties (architecture and mechanical properties of cancellous bones) via 3D printing such as selective 
laser melting (SLM) or electron beam melting (BEM) [5]. The scaffolds are characterised by precisely 
controlled pore size, porosity, and pore-distribution. These scaffolds should be suitable for many biomedical 
applications such as implants, tissue engineering, stem cell biotechnologies, cell-based sensors, etc. 

Skill requirement: Laboratory experiments involving microstructural characterisation, 
metallurgical/chemical/materials engineering. 

References: 
7. Wen Cuie. Metallic Foam Bone: Processing, Modification and Characterization and Properties. 1st Edition. Elsevier. 2016, 

pp. 1-270. 
8. Wen Cuie, Mabuchi M, Yamada Y, et al. Scripta Materialia. 2001, 45, 1147-53. 
9. Wen Cuie, Yamada Y, Shimojima K, et al: J. Mater. Sci.: Mater. Med. 2002, 13, 397-401. 
10. Wen Cuie, Yamada Y, Shimojima K, et al. J. Mater. Res. 2002, 10, 2633-39. 
11. L.G. Gibson LG, Ashby MF: Cellular Solids: Structure and Properties. 2nd edition. Cambridge University Press, Cambridge, 

U.K. (1997), 1-429. 
12. Dunand DC. Advanced Eng. Mater. 2004, 6, 369-376. 
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Solving challenges of connected multimodal urban transport 
Manufacturing, Materials and Mechatronics and Intelligent Cyber-Physical Transport Systems Research 

Group, City 
 
 
Project Description 

This project will develop a planning tool for integrated personalised, traveller-centric transport system, 
including walking, cycling, public and shared vehicles, private vehicles and emerging transport options. The 
integrated multi-modal transport systems best accommodate a city’s transport demands, liveability and its 
commercial advantages [1, 2]. This project closely aligns with the recent proposal which Intelligent Cyber- 
Physical Transport Systems Research Group submitted to a successful $55 million iMOVE Cooperative 
Research Centre (http://imovecrc.com/) where RMIT University is one of the partners. 

 
Disparate data feeds from travelers will be gathered, integrated, and applied to develop adaptive, scalable, 
and advanced optimisation techniques to determine the situational awareness (for e.g. pedestrian/cyclist 
dynamics, and their interactions with infrastructure and vehicle), optimal vehicle mix (e.g., demand- 
responsive transport vehicles, park and ride) and optimal location of relevant infrastructure (e.g., fast-charge 
stations for electric vehicles, communication stations). Optimisation factors include safety and comfort, 
connectivity, travel delays, and operator and user costs of point-to-point travel. 

 
The components of the tool that model pedestrian and cyclist situational awareness, vehicle mix, and 
infrastructure location can be integrated into existing commercial software to develop fully integrated, point- 
to-point, multi-modal transport simulations. Such novel software can be used by government, transport 
authorities, and researchers for the assessment of infrastructure construction and upgrade, and for the 
optimistation of vehicular traffic in the entire transport and mobility network. The development of such tool 
will increase the credibility and certainty of decisions around planning and investment in new vehicles and 
infrastructure. The tool can also be used for traffic impact analyses of proposed policies, investments, and 
projects. 

 
Wider societal impacts of supporting the planning of point-to-point travel include: the provision traveller- 
centric and personalised experiences; reduction in crashes; reduction in travel delays; reduction in operator 
costs; affordable user costs; flexibility in travel options, including better mobility for elderly or disabled 
people; and reduction in energy use and greenhouse gas emissions. 

 
References: 
[1]. Infrastructure Partnerships Australia. Integrating Australia’s Transport Systems: A Strategy for an Efficient Transport Future 
[2]. Australian Government, Department of Infrastructure and Regional Development. Transport. 
https://infrastructure.gov.au/transport/, accessed July 2017 
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Development of innovative tools and methods for transport operations in the 
dawn of autonomous and connected vehicles 

Manufacturing, Materials and Mechatronics and Intelligent Cyber-Physical Transport Systems Research 
Group, City 

 
 
Project Description 

Autonomous (driverless) and connected vehicles are predicted to revolutionise the mobility and accessibility 
of a society [1, 2, 3]. They can improve road safety and comfort, increase road productivity as well as  
reduce energy consumption and greenhouse gas emissions [1, 2, 3]. While the development of automation 
technologies and automated vehicles research are on rise, transport and government authorities face the huge 
challenge of operation of transport systems mixed with traditional (non-automated) and automated and 
connected vehicles. This is because the transport models that have been developed for the past 50 years for 
traditional vehicles may not be applicable to mixed traffic with automated vehicles. Therefore, the aim of 
this research project is to develop new innovative tools and methods for transport operations of mixed traffic 
with automated and traditional vehicles. 

Drivers can be supported in various ways, with information and warnings, and various levels of assistance 
and automation. Hence, along with the safety and control systems, scientific understanding of the interaction 
of the driver with communication and information systems is critical for the development of autonomous  
and connected vehicles. On-field tests for autonomous vehicles are expensive. This project intends to 
develop a calibrated virtual reality simulator to analyse the human-machine interface, driver behavior at 
different level of automation along with interactions with other connected vehicles. The simulator will  
enable to understand fully the broader context of human factors, its dynamic characteristics and the role and 
responsibilities of different stakeholders for the introduction of autonomous vehicles. Further, the project 
will develop traffic models to simulate the traffic dynamics of automated and non-automated vehicles. The 
project will also explore effective strategies to integrate autonomous vehicles into the transport system. 

References: 
[1]. Australian Driverless Vehicle Initiative (2017) To accelerate the safe and successful introduction of driverless vehicles onto 

Australian roads. < http://advi.org.au/> accessed July 2017 
[2]. Bruun E, Givoni, M (2015). Six research routes to steer transport policy. Nature, 523 (7558), 29-31. 
[3]. Burns L D (2013) Sustainable mobility: a vision of our transport future. Nature, 497(7448), 181-182. 

 
 
 

Contact Details 
Dr Nirajan Shiwakoti (nirajan.shiwakoti@rmit.edu.au) 

http://advi.org.au/


DR216 (PhD)/ MR216(Masters) 
Manufacturing, Materials and Mechatronics Engineering 

 

 

Towards Development of Resilient Transport Systems 
Manufacturing, Materials and Mechatronics and Intelligent Cyber-Physical Transport Systems Research 

Group, City 
 
 
Project Description 

Different kinds of disruptions and threats such as natural disasters, failures in technology, and terrorist 
attacks have consistently put large populations at risk worldwide. A robust and resilient  transportation 
system is required to absorb the effects from such disturbances and to safeguard operational continuity [1, 2, 
3, 4]. Emergency managers have the big task to plan for such risk by developing strategies to alleviate 
damage and protect lives. Therefore, the aim of this research is to develop new tools and methods to assess 
the vulnerability and resiliency of multi-modal transport system. 

Diverse issues under both notice and non-notice natural and human-made disasters will be explored and 
examined in this project including traffic network optimization, demand management, evacuee behaviour, 
mode of transport, multiple objectives, spatial and temporal distribution of evacuee. As experimentation in a 
real system is very costly, efforts will be made towards development of simulation models. Both static and 
dynamic traffic assignment models will be explored. Further relevant strategies in the planning for 
emergencies such as evacuation scheduling (simultaneous and staged evacuation), destination choice 
(predetermined destination, relaxing predetermined destination), traffic routing and control strategies (user 
equilibrium, system optimum, multiple users class assignment) will be explored. Analytical methods to 
develop a synergy with all or some of these strategies to improve the efficiency of the evacuation process 
will be established. Moreover, with public transit evacuation, insight on the relationship between the rate of 
passengers arriving at stations and the transit capacity will be explored in greater detail along with 
examining the potential service breakdown to improve the reliability of the transit based evacuation. 

References: 
[1]. Mattsson, L.G. and Jenelius, E., (2015). Vulnerability  and  resilience  of  transport  systems–a  discussion  of  recent  

research. Transportation Research Part A: Policy and Practice, 81, pp.16-34. 

[2].     Department     of     Transport     and     Main     Roads     (2016).     Transport     Network     Security     and         Resilience 
<https://www.tmr.qld.gov.au/Safety/Transport-Network-Security-and-Resilience>, accessed July 2017 

[3]. Hughes, JF and K Healy (2014). Measuring the resilience of transport infrastructure. NZ Transport Agency research report 
546. 82pp 

[4]. Shiwakoti, N., Liu, Z., Hopkins, T. and Young, W., 2013, October. An overview on multimodal emergency evacuation in an 
urban network. In Proceedings of the Australasian transport research forum, Brisbane, Australia. 
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Combining Bioactive and Electroactive Materials for Guided Neural 
Regeneration 

BioFab3D 
 
Project Description 

 
Material approaches for nerve regeneration revolve around interfacing materials with tissues allowing the 
growth of neurites in an efficient, spatially determined fashion. The key requirements of this approach are 
new materials to match the mechanical, chemical and electrical tissue environment within a single material 
system. This project will involve the development of self assembled peptide and polymer hybrid 
biomaterials. Through the careful inclusion of electroactive polymers, we will create a hydrogel material that 
can present spatially confined biochemical, mechanical and importantly, electrical stimulation to promote 
and control neural cell behavior to develop more advanced materials for nerve regeneration and integration 
within neuroprosthetic implants. 

 
The hydrogels that are formed from the spontaneous self-assembly of peptides is a powerful approach for  
the formation of nanostructured 3D biomaterial scaffolds[1]. The chemical, morphological and mechanical 
properties of the materials can be tuned by choice of sequence, capping group and assembly conditions. This 
allows engineering of the nanofibrils, with a direct effect on the microstructure and the biological response  
to the systems. A range of systems have been explored, containing bioactive sequences such as RGD, 
YSIGR and IKVAV allowing the growth and implantation of a range of cell types through tissue 
matching[2]. The highly ordered atomic packing of peptides within the nanofibrils is a thermodynamically 
stabilized process. We will use modifications to the peptide to include the electroactive polymer, 
polypyrrole. This is a highly conducting polymer that displays electrical properties, which has been used in 
biomedical applications such as sensing, tissue and cell supports. The conductivity of these polymers has 
been shown to have potential in material/tissue interfaces[3]. 

 
The aim of this project will be to grow the scaffolds and characterize the material properties. This will 
involve the use of a range of characterization techniques involving structural, mechanical and electrical 
techniques. Transmission Electron Microscopy, Atomic Force Microscopy will be used to probe 
nanostructural formation; FT-IR, Circular Dichroism, Small Angle X-Ray and Neutron Scattering (SAXS 
and SANS) will be used to determine the molecular organization. Once the stable assembly and  
incorporation is achieved, a series of cell and tissue culture experiments will be used to determine the 
effectiveness of the conductivity and the effect on neurite outgrowth. 

 
References: 
[1] Nisbet D, and Williams R Self-Assembled Peptides: Characterization and in-vivo response. (2012) Biointerphases. 
[2] Horgan et al. Characterisation of Minimalist Co-Assembled Fluorenylmethyloxycarbonyl Self-Assembling Peptide Systems 
for Presentation of Multiple Bioactive Peptides. (2016) Acta Biomaterialia 
[3] Stewart et al Electrical stimulation using conductive polymer polypyrrole promotes differentiation of human neural stem cells: 
a biocompatible platform for translational neural tissue engineering (2014) J Mat Sci C 
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Biodegradable Magnesium Alloy Scaffolds for Bone Implant Applications 
Manufacturing, Materials and Mechatronics/Nano Bio-Metals Group, Bundoora 

 
 
Project Description 

Magnesium (Mg) alloys are promising biodegradable implant materials for load bearing applications, 
because of their similar mechanical properties to natural bone, excellent biocompatibility and 
biofunctionalities. However, Mg alloys tend to degrade faster than the bone heals and are also associated 
with release of hydrogen gas and toxic metal ions into the surrounding tissues and bloodstream, which may 
cause chronic adverse reactions in the human body [1]. These issues trigger the need to develop a new type 
of Mg alloys with high corrosion resistance, excellent biocompatibility and appropriate mechanical 
properties. 

This project aims to design a new class of porous, biocompatible and biofunctional Mg alloy scaffolds with 
the pore architecture and mechanical properties mimicking those of natural bone for bone tissue engineering 
applications. The Mg alloy scaffolds will possess advantages of new bone-tissue ingrowth ability and 
vascular invasion, suitability for load-bearing applications, biofunction of osteoinduction and suitable in  
vivo biodegradation. 

Recently developed Mg-Zr-Sr and Mg-Zr-Sr-RE alloys have shown promising properties including  
improved biocompatibility, corrosion resistance, mechanical strength and ductility [2-4]. Compared to fully 
dense Mg alloys, porous structures of these alloys may be advantageous as they are likely to enhance cell 
proliferation and differentiation. 

Characterisation of the microstructure and phases of the Mg alloys will be carried out using optical 
microscopy, X-ray diffraction (XRD), electron backscatter diffraction (EBSD), scanning  electron 
microscopy equipped with energy dispersive spectrometry (SEM-EDX) and high-resolution transmission 
electron microscopy (HRTEM). Corrosion resistance of alloys will be evaluated by electrochemical tests in 
stimulated body fluid (SBF). The hydrogen gas evolution will be assessed by soaking Mg samples in SBF. 
Assessment of cytotoxicity will be carried out via in vitro tests using human osteoblast-like cells (SaOS2). 
The mechanical properties will be evaluated via tensile, compression, and hardness tests. 

References: 
[1] S. Steinemann et al. Evaluation of biomaterials, Willey, New York (USA) (1980) 5435-5438. 
[2] Y. Li et al., Acta biomaterialia 8(8) (2012) 3177-3188. 
[3] Y. Ding et al., Scientific reports 6 (2016). 
[4] F. Feyerabend et al., Acta biomaterialia 6(5) (2010) 1834-1842. 
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Novel biocompatible magnesium alloys for biomedical applications 
Manufacturing, Materials and Mechatronics Discipline/Nano Bio-Metals Group, Bundoora 

 
 
Project Description 

Magnesium (Mg) alloys are receiving great research interest as biodegradable implant materials due to their 
excellent bio-functionality, biodegradability and bone-mimicking mechanical properties [1]. However, many 
challenges exist in the development of Mg materials for implant applications [2]. Many Mg alloys degrade 
too rapidly in a physiological environment due to their low corrosion resistance [3]. In addition,  
conventional Mg alloys may not necessarily be biocompatible, as they usually contain toxic alloying 
elements [4]. This project will involve the design, fabrication and characterisation of biocompatible 
magnesium (Mg) alloys. Biocompatible alloying elements such as zirconium (Zr), calcium (Ca) strontium 
(Sr)) and some rare earth elements (e.g., holmium (Ho), dysprosium (Dy)) will be used to develop new 
biocompatible Mg-based alloys, for instance, Mg-Zr-Sr-Ho/Dy alloys. 

The addition of Zr to Mg alloys can significantly refine their grain size, which benefits their mechanical 
properties and corrosion resistance. The rare earth elements (REE) have many desirable effects in Mg alloys, 
such as improving corrosion behaviour and enhancing mechanical properties [3]. Strontium, a trace element 
of bone, has been applied in the treatment of osteoporosis [4]. The addition of Sr improves the corrosion 
resistance of Mg alloys by enhancing surface protection and reducing micro-shrinkage porosity [3-5]. 

This project aims to develop new Mg alloys with a suitable degradation rate, bone-mimicking mechanical 
properties, as well as excellent biocompatibility and bio-functionality. The optimal alloying concentrations 
for the new Mg-based alloys in terms of mechanical properties, corrosion resistance and biocompatibility 
will be determined. The characterisation will include microstructure analysis, surface and mechanical 
properties, corrosion behaviour and in vitro biocompatibility assessment. The microstructure will be 
investigated using an X-ray diffractometer (XRD), wavelength dispersion X-ray fluorescence (WDXRF), 
and scanning and transmission electron microscopies (SEM & TEM). The surface properties will be 
analysed using X-ray photoelectron spectroscopy (XPS), SEM, tensiometer and micro/nano indenter. 
Mechanical properties will be assessed by tensile and compressive tests. Corrosion behaviour will be tested 
by using an electrochemical method. The in vitro biocompatibility will be assessed using osteoblast cell 
lines. 

References: 
[1]. MP Staiger, AM Pietak, et al. Biomaterials, 27(9), 2006,1728. [2]. F Witte, V Kaese, et al. Biomaterials, 26, 2005,3557. [3]. Y 

Ding, C Wen, P Hodgson, Y Li. J Mater Chem B, 2, 2014, 1912-1933.[4]. Y Ding, J Lin, C Wen, D Zhang, Y Li. Sci Rep, 6, 
2016, 31990. [5]. Y Li, Wen C, et al.  Acta Biomaterialia. 8, 3177-3188 
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Magnesium-graphene composites for biomedical applications 
Manufacturing, Materials and Mechatronics Discipline/Nano Bio-Metals Group, Bundoora 

 
 
Project Description 

Magnesium (Mg) and its alloys have gained popularity as a promising candidate in orthopaedic applications, 
due to their excellent biocompatibility, biodegradability, and bone-mimicking mechanical properties. Mg 
based implants have an ability to degrade gradually in the human body and be replaced by natural bone. 
However, inadequate mechanical strength and low corrosion resistance of these materials can restrict their 
wide range of applications. Rapid degradation of Mg alloys releases hydrogen, which forms gas cavities in 
the surrounding tissue [1]. Therefore, further investigations are required to develop new Mg based materials 
with simultaneously enhanced biocompatibility, strength, ductility, and corrosion resistance. 

Graphene is a two-dimensional carbon material composed of a single atomic layer of carbon atoms joined 
together by sp2 covalent bonds with unique chemical and thermal stability. Under an inert environment, 
graphene is stable even at higher temperature of 1500 °C [2]. Graphene is also known as an ideal corrosion- 
inhibiting material as the surfaces of the sp2 carbon atoms form a natural diffusion barrier between the 
protected substrate and reactants [3-5]. 

This project will explore the strengthening and functional behaviour of graphene in Mg alloys for  
biomedical applications. Materials characterisation will include scanning and transmission electron 
microscopy of surfaces and interfaces (SEM-EDX and TEM), phases characterization via X-Ray diffraction 
and electron back scattered diffraction techniques (XRD & EBSD), surface chemistry analyses (XPS and 
RS), corrosion behaviour and hydrogen gas evolution tests. 

 
 

References: 

[1] D. Noviana et al., Journal of Orthopaedic Translation, 5 (2016) 9-15. 

[2] D. Prasai et al., ACS nano, 6(2) (2012) 1102-1108. 

[3] Z. Qiu et al., RSC Advances, 5(55) (2015) 44149-44159. 

[4] J.S. Bunch et al., Nano letters, 8(8) (2008) 2458-2462. 

[5] Y. Yang et al., Materials Today, 16(10) (2013) 365-373. 
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Corrosion mechanisms of Mg alloys in physiological environment 
Manufacturing, Materials and Mechatronics Discipline/Nano Bio-Metals Group, Bundoora 

 
 
Project Description 

Magnesium (Mg) and some of its alloys are lightweight, biocompatible, biodegradable, and possess 
mechanical properties similar to natural bone [1]. These materials have the potential to function as an 
osteoconductive and biodegradable bone substitute in load-bearing applications. These alloys could remain 
in the body and maintain mechanical integrity during healing, and eventually be replaced by natural bone [2- 
3]. Ideally degradation of implanted Mg alloys should match the new bone growth rate for a proper 
biofixation. In order to develop the next generation of biodegradable Mg alloys with controllable  
degradation rate and enhanced biocompatibility, we need to understand the corrosion mechanism of Mg 
alloys in a physiological environment [4]. 

In a physiological environment, Mg alloys suffer from complex attacks from blood, protein, and other 
constituents of the body fluid such as chloride, phosphate, bicarbonate ions, and organic substances of low- 
molecular-weight species as well as cations [5]. The corrosion mechanism in such environments is still not 
well understood. It is therefore essential to identify and understand the complex corrosion mechanisms of 
Mg alloys in the solutions mimicking the actual physiological environment [6]. 

This project will elucidate the fundamental principles that govern the corrosion behaviour of the Mg alloys, 
and determine the relationships between the various Mg alloy compositions, surface and bulk properties and 
the biodegradability. Materials characterisation will include scanning and transmission electron microscopy 
of surfaces and interfaces (SEM/EDX and TEM), phase characterisation (XRD and EBSD), surface 
chemistry (XPS). Corrosion behaviour will be tested by using an electrochemical method and inductively 
coupled plasma mass spectrometry (ICP-MS). The in vitro biocompatibility will be assessed using osteoblast 
cell lines. 

References: 

[1]. M.P. Staiger, A.M. Pietak, et al., Biomaterials, 27(9), 2006, 1728. [2]. F. Witte, V. Kaese, et al., Biomaterials, 26, 2005,3557. 
[3]. Y. Li, C. Wen, et al., Acta Biomaterialia, 8, 2012, 3177. [4]. G.L. Song et al. Advanced engineering materials, 1(1) (1999) 11- 
33. [5] G. Manivasagam et al. Recent Patents on Corrosion Science (2010). [6] Y. Ding et al. Scientific reports 6 (2016), 31990. 
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Titanium-based Hybrid Materials Exhibiting Bone-like Structural 
Hierarchy 

Discipline of Manufacturing, Materials and Mechatronics and Controlled Growth Group, City Campus 
 
 
Project Description 

A number of natural hybrid materials (e.g. bone, tooth, wood and shell) exhibiting hierarchical architectures 
spanning near macro- to nano-metre length scales create unique combination of properties (i.e. strength, 
toughness and low density) that are rarely seen in existing manmade materials [1, 2]. In the quest for the 
advanced materials containing such promising combination of properties, extensive efforts have been 
devoted to the design and development of ceramic-polymer based composites mimicking such structural 
hierarchy [3, 4]. However, it remains a great challenge to achieve metals displaying such periodic 
arrangements at multiple length scales varying from mill-, micro- to nano-metre, most likely owing to the 
lack of critical knowledge and technical availability [2]. In comparison to their composite counterparts, 
lightweight, strong and tough metals are desired for many engineering applications bearing heavy-load, such 
as frames of car seats, wings of aircrafts, and in particular orthopaedic implants - plates, screws and joints. 

The main scientific aim of this project is to explore feasible techniques to produce titanium (Ti)-based 
hybrid materials exhibiting bone-like hierarchical structure at each individual length scale; and develop 
fundamental science of the role of such structural hierarchy in the controls over mechanical performances, in 
particular tough crack resistance. The yielded hybrid materials are anticipated to maintain their high strength 
and inherit the characteristic fracture tolerance (toughness) of natural bone through mimicking its 
hierarchical features. 

The proposed study will comprise a hitherto untried coupling of periodic structure covering three orders of 
length scales with in situ characterisation. The first stage of the proposed project will establish a set of sound 
process strategies for the development of Ti materials mimicking the hierarchical features of natural bone 
over the full range of length scales through 3D printing technology, hydrothermal synthesis (RMIT) and 
magnetron sputtering (Melbourne Centre for Nanotechnology). 

3D architecture will be characterised through optical microscopy (OM) and scanning electron microscopy 
(SEM). Transmission electron microscopy (TEM) can reveal crystallinity and orientation, average size, and 
characteristic concentric assembly. Chemical and crystalline composition of titanate fibres and SiC arrays 
will be confirmed through X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) 
respectively. Corrosion activities of the yielded Ti components will be monitored through potentiodynamic 
polarisation tests, and immersion tests to elucidate the corrosion progress by inductively coupled plasma 
mass spectrometry (ICP-MS). Measurement of in situ mechanical responses of Ti components will be 
conducted using a house-built component equipped to SEM chamber, and their deformation behaviour is 
observed by SEM to ascertain how deformation proceeds. SEM graphs for each load will be stored and 
analysed by Force Measurement Analysis (FMA) software to correlate the applied force with indentation 
depth. 
References: 

[1].  Ritchie, R.O., Nat. Mater. 2011, 10(11), 817 
[2]. Wegst, U.G.; Bai, H.; Saiz, E.; Tomsia, A.P.; Ritchie, R.O., Nat. Mater. 2015, 14(1) 23 
[3]. Li, J.; Baker, B.A.; Mou, X.; Ren, N.; Qiu, J.; Boughton, R.I.; Liu, H., Adv. Healthc. Mater. 2014, 3(4), 469. 
[4]. Hollister, S.J., Nat. Mater. 2005, 4(7), 518. 
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Smart Self-Healing Coatings System for Mg alloys 
Controlled Growth Group, City Campus 

Project Description 
 
Development of protective coatings on Mg alloys can effectively reduce their inherent rapid corrosion rate 
when exposed even to ambient environment and significantly boost the commercial applications of Mg 
metals in automotive, aerospace and electronic industries [1]. Most of the existing protective coatings have a 
passive nature thus their functionalities will fade away upon the integrity is damaged. The only commercial 
coating with active and rapid self-healing feature is chromate (Cr6+) but its use has been banned due to its 
carcinogenicity. Thus, it is a pioneering research topic to develop a new generation of multifunctional (and 
environmentally-friendly) coatings and films, which own instant feedback to changes in local environment 
for future high-tech applications of Mg alloys [2, 3]. 

 
This project aims to develop a new coating technology, where active components will be incorporated into a 
passive/barrier matrix to achieve a multifunctional coating system. The key idea behind this approach is to 
create nano-containers for loading active agents with sells possessing controlled permeability specific to 
several triggers including pH, heat, light etc., and then to introduce them into the coating matrix. The 
simplest trigger to release the active agents is pH shift in the local environment. For instance, hydrogels with 
weak acid or basic functional group in the shell are sensitive to pH. Upon corrosion occurs on Mg surface, 
pH increases and then anticorrosive agents are released to actively healing the damage in the coating.  
Ideally, such active coating system provides Mg alloys a super prolonged and robust protection against 
corrosion. It is also possible to replace the anticorrosive agents with some antibiotics for specific drug 
delivery. 

 
Overall, to significantly improve corrosion rate of Mg alloys for large-scale industrial applications, an active 
multifunctional coating system is highly demanded. Via adjusting the content in the coating matrix, multiple 
purposes can be fulfilled. 

 
The aim of this project will be to grow and characterize the smart coatings and their responsive release of 
loaded agents to terminate corrosion on the surface of bulk Mg materials. Ex-situ characterization will 
include structural, physical and electrochemical measurements through scanning and transmission electron 
microscopy of surfaces and interfaces (SEM & TEM), a range of surface science analysis techniques, such  
as X-ray photoelectron spectroscopy (XPS), scanning tunelling microscopy and spectroscopy (STM & STS) 
at RMIT. In addition, the corrosion behavior of Mg specimens with smart coatings will be exmained through 
potentiodynamic polarisation curves, electrochemical impedance spectroscopy and scanning electrochemical 
electron microscopy. 

 
References: 
[1]. Chen, X.-B. et al., A review of corrosion resistant conversion coatings for magnesium and its alloys. Corrosion 2011, 67, 
035005 [2]. Shchukin, D.G. and Mohwald, H., Smart nanocontainers as depot media for feedback active coatings. Chem. 
Commun. 2011, 47 (31), 8730-8739 [3]. Chen, J.Y. et al., Electrosprayed PLGA smart containers for active anti-corrosion coating 
on magnesium alloy AMlite, J. Mater. Chem. A 2014, 2, 5738- 5743. 
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Stochastic Multi-Object Filters for Visual Tracking with Occlusions 
Autonomous Systems Group, Bundoora 

 
 
Project Description 

This project will investigate novel solutions for stochastic multi-object tracking problems in which moving 
objects can occlude each other for relatively long periods of time. The resulting solutions are anticipated to 
be formulated in the random finite set framework, and compared to the state-of-art for their improved 
accuracy and robustness. Online visual multi-target tracking is one of the most ubiquitously addressed 
problems in computer vision, and can be very challenging in its nature. The challenges include estimation of 
unknown and time-varying number of targets, continuous state estimation of all targets, discrete 
combinatorial nature of measurements to targets data association and resolving long and short term 
occlusions. A recent stochastic approach to multi-target tracking that has attracted substantial interest is the 
random finite set (RFS) framework [1] and more recently, the labeled RFS framework [2]. In this project, 
you will adapt the labeled RFS filters for on-line visual multi-target tracking. You will incorporate the 
targets’ motion information into the state space as well as the detection information in the form of 
rectangular boxes. Further, you will model region of interest based birth processes for each of the case 
studies considered in the project, to handle the initialization of new target trajectories as well as to re-detect 
missing targets. In visual multi-target tracking, targets are generally represented by (mostly rectangular- 
shaped) blobs. Thus, there is a possibility that one target is represented using multiple blobs. Therefore, 
effective strategies will be needed to handle long term occlusion events and label recovery after occlusions. 
In formulating the label recovery procedure, various aspects need to be considered such as the number of 
time steps between the disappearance and re-detection of the target, the features of the disappeared and re- 
detected targets and the spatial distance between them. You shall validate your tracking method using 
publicly available datasets such as PETS [4] and ETH [5] and compare your method against state-of-the-art 
methods. 

 
References: 

[1] R. P. Mahler, Statistical multisource-multitarget information fusion. Artech House, Inc., 2007. 
[2] B.-T. Vo and B.-N. Vo, “Labeled random finite sets and multi-object conjugate priors,” Signal Processing, IEEE 

Transactions on, vol. 61, no. 13, pp. 3460–3475, 2013. 
[3] B.-N. Vo, B.-T. Vo, and D. Phung, “Labeled random finite sets and the Bayes multi-target tracking filter,” 2013. 
[4] F. Bashir and F. Porikli, “Performance evaluation of object detection and tracking systems,” in In PETS, 2006. 
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Computer Vision and Pattern Recognition, 2008. CVPR 2008. IEEE Conference on. IEEE, 2008, pp. 1–8. 
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Stochastic Geometric Information Processing for Cooperative 
Perception in Autonomous Vehicles, Bundoora 

 
Project Description 

 
This project aims to develop a new class of Bayesian inference algorithms for realization of cooperative 
perception in autonomous vehicles that are networked to communicate their sensory information. The 
distinct aspect of current autonomous vehicle designs is that they are controlled by motion planning 
algorithms based on local feature maps around the vehicle that are constructed using the information 
acquired by sensors. To enable autonomous vehicles to achieve sufficient sensing information, smart and 
effective cooperative perception solutions are needed that are based on equipping autonomous cars with 
communication modules to share information with a vehicle network. The connected “autonomous cars of 
the future” should be able to accurately estimate the features of interest of their surrounding environment, 
such as the location, speed or density of vehicles, pedestrians or obstacles, even when they are out of the 
car’s detection range. To achieve such level of awareness they should fuse their own sensory data with the 
data received from other vehicles through the network. This ability is commonly referred to as cooperative 
perception and can significantly improve the efficiency of motion planning for autonomous vehicles. This 
project will investigate how a principled multi-object Bayesian framework can be devised for cooperative 
inference in the context of intelligent vehicles. The proposed framework will be based on Stochastic 
Geometry in which a new generation of multi-object stochastic filters are devised for accurate estimation of 
local features and sensors’ locations. A particular focus will be on using most random finite set filters 
[25,26,33]. Specifically, this project is to use labelled random set filters for cooperative perception and 
develop efficient, robust, scalable and rapidly converging algorithms for cooperative perception. 

 
References: 
[1] B. T. Vo, B.-N. Vo and A. Cantoni, “The Cardinality Balanced Multi-Target Multi- 
Bernoulli Filter and Its Implementations,” IEEE Transactions on Signal Processing, vol. 
57, no. 2, pp. 409-423, 2009. 
[2] J. Mullane, B.-N. Vo, M. D. Adams and B.-T. Vo, “A random-finite- set approach to 
Bayesian SLAM,” IEEE Transactions on Robotics, vol. 27, pp. 268-282, 2011. 
[3] B.-N. Vo, B.-T. Vo and D. Phung, “Labeled random finite sets and the Bayes multi-target 
tracking filter,” IEEE Transactions on Signal Processing, vol. 62, pp. 6554-6567, 2014. 
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Statistical Information Fusion for Multi-Camera Visual Tracking 
Autonomous Systems Group, Bundoora 

 
 
Project Description 

The aim of this project is to investigate and develop visual analytics technology that would allow long-term 
tracking of multiple moving objects in videos recorded by multiple cameras. Networked CCTV cameras are 
becoming a ubiquitous part of urban living. They are used in various locations such as roads and highways, 
shopping centres, mines, crowded streets, sports venues and public transport venues for various purposes. 
There is a huge demand for automated machine intelligence technology that enables the integration of 
multiple video feeds and inference of long-term behaviours of moving objects. Long-term tracking of 
unknown and time-varying number of moving objects from video can rarely be conducted by processing 
images acquired from a single camera, unless the camera is sufficiently far for the objects to remain in its 
field of view for a long time, in which case the tracking results can be very poor in terms accuracy (due to 
large distance and small size of the targets). On the other hand, the abundance and relatively low price of 
imaging devices have led to an increasing interest in tracking targets from one camera to another via multi- 
camera image fusion. You will investigate the use of a new generation of multi-object stochastic filters for 
long-term tracking of multiple moving objects in videos recorded by multiple cameras. The aim is to 
develop a framework based on stochastic filters that use random finite sets (RFS). You work will build on 
the recently developed random set filters that are capable of tracking numerous targets in video [1,2]. You 
will employ the recently developed labeled RFS filters [3,4] for visual tracking. In your solutions, you will 
address the challenge of multi-camera image fusion. The main question is how to combine multiple images 
recorded from overlapping fields of view for maximum information gain (hence achieving most accurate 
results) from fusion of complementary and consensus information provided by the cameras. 

References: 

[1] Reza Hoseinnezhad, Ba-Ngu Vo, Ba-Tuong Vo, David Suter, “Visual tracking of numerous targets via multi-Bernoulli 
filtering of image data,” Pattern Recognition, Volume 45, Issue 10, pp. 3625-3635, October 2012. 

[2] Reza Hoseinnezhad, Ba-Ngu Vo, Ba-Tuong Vo, “Visual tracking in background subtracted image sequences via multi- 
Bernoulli filtering,” IEEE Transactions on Signal Processing, Volume 61, Issue 2, pp. 392-397, January 2013. 

[3] B.-T. Vo, and B.-N. Vo, "Labeled Random Finite Sets and Multi-Object Conjugate Priors," IEEE Trans. Signal 
Processing, 61(13):3460-3475, 2013. 

[4] B.-N. Vo, B.-T. Vo, and D. Phung, "Labeled Random Finite Sets and the Bayes Multi-target Tracking Filter," IEEE 
Trans. Signal Processing, 62(24):6554-6567, 2014. 
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Time Progressive Multistructural Visual Data Segmentation 
Autonomous Systems Group, Bundoora 

 

Project Description 
 
In practical applications of computer vision techniques, an algorithm has only limited amount of time and 
computational resources to complete a given task. Within those limits, the algorithm is expected to 
accumulate, understand and respond to external stimuli. This requirement lends itself to a “time progressive 
information processing” approach that prioritises discovery of environmental structures based on their 
importance for the accomplishment of a given task. In this context, a computer vision algorithm can be  
given the opportunity to exploit its previous experience and knowledge of the environment as part of its 
formal time progressive approach. This is somewhat akin to enabling a computer experiencing déjà vu. 
In the above “time progressive” paradigm, an algorithm starts from what it can recall and place its focus on 
the processing (whatever the application requires) of the major visual attractions (e.g. largest objects) and 
deal with them first (e.g., thwart any potential dangers). As time progresses, the algorithm can successively 
discover smaller details for a more complete recognition of lesser elements in the environment. 
The prescribed approach is particularly advantageous for automation of visual surveillance of urban 
environment. There are many applications but a very simple application area includes the automation of 
visual surveillance for detection of inappropriately parked vehicles in urban environment. Visual inspection 
of an area often involves processing a mixture of static and dynamic entities that may or may not have been 
seen before. The processing is time critical and different levels of details are sought depending on task in 
hand and the availability of computational resources. In contrast to the usual approach, which focuses on the 
static interpretation, the current project is aimed to develop a time progressive framework for parametric 
segmentation algorithms used in automation of visual surveillance of urban streets. 

 
References: 
[1] E. Grilli, F. Menna, and F. Remondino. “A Review of Point Clouds Segmentation and Classification Algorithms." ISPRS- 
International Archives of the Photogrammetry, 339-344, 2017.[2] T.-J. Chin, P. Purkait, A. Eriksson, and D. Suter Efficient 
globally optimal consensus maximisation with tree search, IEEE CVPR, 2413-2421, 2015.[3] R. Hesami, A. Bab-Hadiashar,  and 
R. Hosseinnezhad, "Range segmentation of large building exteriors: A hierarchical robust approach," Computer Vision and Image 
Understanding, vol. 114, pp. 475-490, 2010. [4] A. Bab-Hadiashar, R. B. Tennakoon, and M. De Bruijne, "Quantification of 
smoothing requirement for 3D optic flow calculation of volumetric images," IEEE Transactions on Image Processing, vol. 22, pp. 
2128-2137, 2013.[5] K. Yousif, A. Bab-Hadiashar, and R. Hoseinnezhad, "3D SLAM in texture-less environments using rank 
order statistics," Robotica, 2015.[6] R. B. Tennakoon, A. Bab-Hadiashar, Z. Cao, R. Hoseinnezhad, and D. Suter, "Robust Model 
Fitting Using Higher Than Minimal Subset Sampling," IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 38, 
pp. 350-362, 2016. 
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Future-Proofing Industrial Robots 
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Project Description 
 
Industrial robots are an essential part of modern-day manufacturing plants. They are widely used as 
positioning devices [1], for e.g. pick-and-place, welding and spray painting, which are considered  
dangerous, dirty and dull (3D) for human workers. International Federation of Robotics reported that there 
are already more than a million operational robots worldwide in 2012, and that there is a steady increase in 
annual robotic sales over the years [2]. 

 
However, conventional industrial manipulators are not able to address new and more challenging demands 
from the industry. Traditionally, robots are used for low-mix-high-volume production, because  
programming of the robots is not easy and can take days or weeks. Robots also do not have good success in 
tasks where contact with workpiece is required, for instance robotic machining and finishing [3]. Last but  
not least, these robot manipulators are often placed behind cages and isolated from human, because they are 
deemed dangerous. All these are not the way future manufacturing industries envisage the implementation  
of robotic systems. 

 
In this project, students will design new generation of robotic systems which are able to cope with new 
requirements in the coming decades. Students can work on the following topics: 
a) User-friendly robot programming methods, machine learning for teaching by demonstration, human-robot 
skill transfer: To enable high-mix-low-volume production, which is getting more common due to increased 
consumer’s customization. 
b) Robots and mechanisms with high stiffness, high precision, force sensing and control: To allow robotic 
machining on hard material. 
c) Robots which are inherently safe for interaction with human being, understanding of human intention: To 
enable close human-robot collaboration. 

 
Prospective students should have prior knowledge and strong background in machine learning, mechanical / 
mechatronics design, and control. 

 
References: 
[1] Marcello H. Ang Jr., Wei Wang, Robert N. K. Loh, and Teck Seng Low, “Passive Compliance from Robot Limbs and Its 
Usefulness in Robotic Automation,” Journal of Intelligent and Robotic Systems, vol. 20, pp. 1-21, 1997. 
[2] International Federation of Robotics, 2013. [Online]. Available: www.robotics.org. [Assessed: 18 February 2012] 
[3] Yonghua Chen and Fenghua Dong, “Robot Machining: Recent Development and Future Research Issues,” International 
Journal of Advanced Manufacturing Technology, vol. 66, pp. 301-309, 2006. 
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Skiing Robots for Search and Rescue Operations 
Manufacturing, Materials & Mechatronics Engineering 

 
 
Project Description 

 
Humanoid robots or robots which resemble human body have been studied for many decades, and the 
problems of walking or even dancing are already well-understood. On the other hand, there are only very  
few studies of skiing robots [1], [2]. Researchers in this area have investigated human motion during skiing, 
maintaining stability in the face of unknown slope, as well as control and navigation algorithms. 
Nevertheless, there are many more questions to be answered in the research of skiing robots, for e.g. 

 
a. How can the robot predict the slope, in order to choose the best path down the mountain? 

 
b. How to prevent the robot from falling? And if falling is unavoidable, how to let the robot fall in the best 
way to minimize damage? 

 
c. How to design artificial intelligence such that the robot can improve its skiing skills? 

 
d. How to stop properly (e.g. snow plough) and stand at a spot in a stable manner, to help other fallen skiers 
standing up? 

 
e. How to crawl out from snow in case the robot is covered under snow in the event of avalanche? 

 
f. How to search and rescue human in snowy regions in case of emergency? 

 
In this project, students will work on questions related to dynamics and control of skiing robots (similar to 
questions a to c above), with applications in search and rescue (similar to questions d to f above). 
Prospective students should have prior knowledge and strong background in robotics, machine learning, 
mechanical / mechatronics design, dynamics and control. 

 
 

References: 
[1] K. Hasegawa, S. Shimizu, and M. Yoshizawa, “Robotics applied to Sports Engineering,” Advanced Robotics, Vol. 
14, Issue 5, pp. 377-379, 2000. 
[2] Bojan Nemec and Leon Lahajnar, “Control and Navigation of the Skiing Robot,” in Proceedings of the IEEE/RSJ 
International Conference on Intelligent Robots and Systems, October 11-15, 2009, St. Louis, USA, pp.2321 – 2326. 
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Development of cork based polymeric materials and their application in 

additive manufacturing  
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Project Description  
  
Cork is a cellular natural material obtained from the bark of trees such as birch and cork. Physical and 
mechanical characteristics of cork make them ideal materials for vibration insulation, thermal insulation, 
acoustic absorption as well as impact absorption.  Cork composites present a platform for innovative 
applications of cork.  In particular, development of cork based polymeric filaments for additive manufacturing 
is expected to enable production of 3D structures while taking advantage of the viscoelastic properties of the 
cork [1-3].  In additive manufacturing (AM) such as fused deposition modeling (FDM), the filament is fed into 
a heated extruder and the part is built layer by layer over a platform according to the 3D model of the part, 
enabling the production of parts which would have been impossible to produce via traditional manufacturing 
techniques [4].   
 
The project aims to develop and characterize cork composites for filament production to be used in additive 
manufacturing in particular for FDM.  
The related objectives are: 

1. To prepare and characterize the cork composite  
2. To elucidate the nature and degree of interaction between cork and base polymer 
3. To develop a rheology based approach towards filament design 

 
There are no ethical concerns that need to be addressed or obtain approval. 
 
 
References: 
[1].  S.P.  Silva  et al.  Materials Review 50 (2005) 347. – Review   
[2].  J. Mano, Journal of Materials Science 37 (2002) 257 
[3].  L. Gil  Materials 8 (2015) 625. – Review   
[4].  R. Hedayati et al.  Materials Science and Engineering 69 (2016) 1307. 
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biocompatible polymers 
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Project Description  
  
This proposal will be targeted towards the development of a bio-safe bandage capable of measuring applied 
pressure in vivo, especially for the management of chronic or diabetic-related wounds, where pressure 
information of the bandage is of prime importance for delivering appropriate therapy. This proposal is 
predicated on recent findings of polymers, infused with graphene and nano-fillers, with large strain and high 
gauge factor (sensitivity) capabilities [Jang et al (2016), Sang-Ha Hwang et al (2014), Miao et al (2013), Costa 
et al (2014)]. 
   
The aim is to prepare, characterise graphene and carbon-nanotubes infused biocompatible polymers and their 
processing, fabrication and performance evaluation for use as pressure sensing bandages. Various polymer 
base substrates, such as bio-compatible polydimethysiloxane, (PDMS) will be infused with carbon nano-tubes 
and graphene for optimal pressure sensitivity.  Infusion techniques to be trialled include vacuum infiltration, 
chemical assisted vapour deposition and sonication.  Electrical properties such as resistance (with strain), high 
static strain and sensor gauge factor (sensor sensitivity) will be the main sensor-based functional target 
parameters in this study.  Bio-compatible with wearability comfort and permeability features will also be other 
non-sensory parameters, which are essential for this development to be effective as an innovative product for 
the treatment of chronic wounds [Nag et al (2017)]. 
 
 
References: 
[1]. H. Jang et al Advanced Materials 28 (2016) 4184 (Review) 
[2]. Sang-Ha Hwang et al Composites Science & Technology 89 (2013) 1 
[3]. Y. Miao et al Applied Physics Letters, 102 (2013) 233106 
[4]. P. Costa et al Composites: Part B, 61 (2014) 136 
[5]. A. Nag et al IEEE Sensors Journal 17 (2017) 3949 (Review) 
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deposition modelling  
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Project Description  
  
Additive manufacturing in particular Fused Deposition Modelling (FDM) enables manufacturing of 3D parts 
for numerous applications without the need for a mold directly from the computer aided design of the part in 
an economical and speedy manner [1].  The ability to print 3D part with electrical conductivity has the 
potential to manufacture parts with functionalities such as signal processing and in-built sensors. Polymers can 
be made electrically conductive by addition of carbon black, carbon nanotubes, graphene as well as metals 
[2,3].  In-situ polymerization, solution processing and melt mixing are the three main processing techniques 
used for the manufacture of conductive polymer matrix nanocomposites.  The research project aim to develop 
electrically conductive polymeric nanocomposites for FDM filaments.  
 
The research will consider various polymer matrix and nanomaterials to develop electrically conductive 
filaments and subsequently 3D printed parts allowing electrical sensors and circuity to be printed during 
building of the part.  The research project will enable student to develop and understanding in the area of  (i) 
compounding of nanocomposites; (ii) assessment of the rheological properties; (ii) assessment of dynamic 
mechanical properties; (iv) characterization of morphologies to assess formation of conducive network within 
polymer matrix; (v) filament production; (vi) FDM processing in terms of print temperature, raster pattern, and 
deposition rate; (vi) type of nanomaterial to be used as well as the inherent conductivity,  surface treatment, 
distribution, orientation, volume fraction.   
 
There are no ethical concerns that need to be addressed or obtain approval. 
 
References: 
[1].  T.N.A.T. Rahim  et al.  Express Polymer Letters, 11 (2017) 963.  
[2].  F. Daver et al. Composites Part A Applied Science and Manufacturing 80 (2016) 13. 
[3].  J. M. Gardner et al. Additive Manufacturing 12 (2016) 38.  
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