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Use of Sea Water Heat Rejection in Sydney: Heat Exchanger Fouling - (12cp) 
Benjamin Eades - A19-062 
 
Supervisor:  Mr. Ahmed Al-Zubaydi 
Major:  Mechanical Engineering Major  
 
Objective: 
To quantify and review Sea Water Heat Exchanger Fouling, and explore any associated cost 
impacts on Sea Water Heat Rejection Systems 
 
Many Industrial and Commercial processes produce heat as a by-product of the work done, 
which must be rejected from the system in order for it to continue to operate efficiently and 
effectively. This is none more applicable than modern Air Conditioning Systems, which must 
reject the heat generated as a by-product of the equipment operation, but also the heat generated 
as part of the vapour compression refrigeration cycle, which they so heavily feature. One 
method of achieving this is through the use of Sea Water Heat Rejection (SWHR), consisting 
of heat exchangers which transfer heat from the system to a nearby source of sea water. 
 
Compared to traditional heat rejection methods (i.e. cooling towers), SWHR is an energy and 
cost efficient method of heat rejection, provided that an adequate source of sea water is readily 
available. However, with the use of sea water comes a greater level of heat exchanger fouling, 
than other systems, which can quickly render a system in-efficient or in-operable. Many 
standards quantify allowable levels of heat exchanger fouling for a number of different 
applications, however very few studies have been conducted to accurately determine the 
expected levels of fouling in sea water heat exchangers, when utilised within the Sydney 
general locale. 
 
The intention of this study is to determine, through experimental analysis, what level of heat 
exchanger fouling can be expected within Sydney Waterways, including Botany Bay and 
Sydney Harbour. Through comparison with previously conducted research studies, from which 
the design of a number of SWHR within Sydney are based, this study aims to determine 
whether levels of fouling meet or exceed those previously identified, and the cost implications 
associated with this, in regards to system design and maintenance. 
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Use of Sea Water Heat Rejection in Sydney: A Comparison against Traditional Cooling 
Tower Method - (12cp) 
Tyrone Wills – A19-294 
 
Supervisor:  Mr. Ahmed Al-Zubaydi 
Major: Mechanical Engineering 
 
Objective: 
Determine which is more cost effective and which is more efficient: Cooling Tower against 
Sea Water Heat Rejection for condensing water. 
 
Modern large-scale air-conditioning systems utilize what is known as a condensing water cycle. 
This water cycle is used for rejection of heat from refrigerant located in the chiller and thereby 
condenses the refrigerant. The refrigerant in turn rejects heat from what is known as chilled 
water cycle. This chilled water cycle in turn is utilized to reject heat from air travelling through 
the Heating Ventilation & Air Conditioning (HVAC) system, which is then delivered to the 
occupied areas as cooled air. 
 
The condenser water typically rejects the heat received from the refrigerant using a cooling 
tower which utilizes a fill and fan. Water is sprayed on top of the fill and slowly descends to 
the bottom to be transported back to the chiller. While the water is descending, the fan typically 
blows air in the opposite direction to the water flow, this facilitates the evaporation and cooling 
of the water travelling down the fill. Alternate methods of heat rejection exist, a common 
alternative is the use of sea water heat rejection. This method utilizes a heat exchanger which 
has water pumped from the sea into one side to be used as heat rejection, in the other side the 
condenser water from the building is pumped to be cooled. 
 
The intention of this study is to make a comparison of the two individual systems with the same 
requirements (cooling capacity and therefore flow rate Q=mct) and determine which is more 
efficient, which has higher initial costs and which has higher operational costs. The initial costs 
will consist of equipment, installation, etc. and the operational costs will consist of maintenance 
costs, electricity costs, etc. If appropriate, the payback period will also be determined. If the 
initial costs are higher in one system and the operational costs are higher in the other system, 
you can determine when the higher initial costs will be paid back from the system with the 
lower operational costs. 
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Economical and Sustainable Barn Ventilation for Animals - (12cp) 
Patrick Kennedy - A19-013 
 
Supervisor:  Mr. Ahmed Al-Zubaydi  
Major:  Mechanical Engineering Major  
 
 
The need for economical and sustainable barn ventilation for animals is of concern for those 
aiming to reduce their energy consumption needs, while achieving suitable ventilation 
requirements. The use of natural ventilation is considered as a possible option in achieving the 
requirements for dairy cattle free-stall barns. This paper presents five different design iterations 
for the free-stall barn structure along with their results in regard to (i) temperature in the 
habitual zones (ii) air flow rate through the zones and (iii) the air change per hour for the 
habitual zones of the barn.  
 
In this study the use of 3-D computational fluid dynamics (CFD) software was used to compare 
the above results for each design. The CFD software CoolVent uses the Bernoulli equation for 
pressure for steady flow, forward Euler and backward Euler as well as the Cranck-Nicholson 
method is used to get the implicit and explicit solutions for thermal mass and air flow rate. The 
simulations and results for CoolVent were validated from their resemblance to the temperature 
plots and air flow results from Menchaca-B 2008. 
 
Over the five design iterations the minimum and maximum air flow rates for zone 1 increased 
by 42% for, and for zone 4 they increased by 40%. The ACPH also increased for both zones 
as well, with the minimum for zone 1 increasing by 13% and zone 4 by 9%. The maximum 
ACPH for zone 1 increased by 13% and for zone 4 it was 9%. Design 5 achieved two of the 
three ventilation requirements set out for this project by optimizing the geometry resulting in 
increasing the air flow rates and ACPH. Further investigation is recommended to address the 
temperature range not meeting the requirements. 
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Pedestrian Crossing Prediction Using Neural Networks to Reduce Wait Times and 
Improve Traffic Flow - (12cp) 
Sheffield Dong - A19-280 
 
Supervisor:  Dr Alen Alempijevic  
Major:  Mechatronic Engineering Major  
 
 
Current traffic management systems like the Sydney Coordinated Adaptive Traffic System 
(SCATS) heavily favour the input of vehicles at intersections which results in inefficient 
pedestrian flow. As a result, jaywalking is prevalent which increases the risk of possible 
accidents that may cause serious injury to the pedestrian. The Centre for Road Safety estimates 
that between 2012 to 2016, 50% of serious injuries to pedestrians occurred at intersections. 
There are both ethical and financial incentives to proactively reduce the number of fatalities. 
 
The use of neural networks and deep learning in autonomy has become increasingly prevalent 
in commercial applications (e.g. Google’s speech recognition, Tesla’s autopilot, etc.).  This 
project showcases the use of neural networks for pedestrian trajectory prediction at 
intersections and evaluates the possible applications of this technology in traffic management 
systems. 
 
This project developed a Pytorch based Long Short Term Memory (LSTM) Recurrent Neural 
Network (RNN) model. This model is based on earlier work of Pfeiffer et al. on Interaction-
aware Pedestrian Motion Prediction in Object Cluttered Environments and includes the use of 
the Angular Pedestrian Grid (APG).  
 
Training and evaluation of the network was done on several datasets including the ‘BIWI 
Walking Pedestrians dataset’ provided by ETH Zürich, simulation datasets created by 
‘pedsim_ros’ and an in-house dataset created for this project using footage taken from Building 
2 at UTS. 
 
A comparison between the two models as well as a discussion on the use of neural networks in 
pedestrian crossing prediction and possible future development is included as well. 
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Residual Neural Network for Three-Dimensional Kinematic Measurements of 
Biological and Biomimetic Systems - (12cp) 
Junjie Liang - A19-164 
 
Supervisor:  Professor Dikai Liu  
Major:  Mechanical Engineering Major  
 
Objective: 
3D keimatic of animal by using 3D point reconstruction   
 
A significant number of researches has been done studying in the area of motion capture, 
particularly for the human skeleton. Most of the work has been done is with the attachable 
marker on a suit. Much less attention has been given to the area of animal motion and poses 
capture, which involves marker-less tracking algorithm. However, in the field of biology 
research, more often the well-being of the animals is essential to researchers. To attach markers 
on to the animal is not suitable for every case, especially small size animals. So, marker-less 
tracking is needed to fill into these types of animal locomotion research. The challenge is to 
generate 3d kinematic for the animal that we are tracking and to create a working pipeline of 
code which to perform the process of 3d point reconstruction.   
   
In this capstone project, we present a novel method for accurate marker-less capture of 
articulated parrot skeleton. The walking locomotion of the parrot was captured where under 
upside-down environment with fixed 7 high-speed monocular cameras. Our experimental 
subject is an African Grey parrot as so-called Psittacus Erithacus. The recording and 
observation of animal behavior were managed by videography in a particular lab setting. Which 
the main aim of the experimental rig setup was for the parrot to walk upside down. Here we 
present robust mythology which unities transfer learning with deep neural networks and Matlab 
digitizing tool. We demonstrate the adaptability of this methodology by tracking 10 body points 
on the parrot form each side. All points will use for extracting the 3D kinematic of the body 
motion.  
 
In this work, we propose a direct linear transformation approach which combines prediction of 
body part position form trained neural networks and cameras calibration parameters. The 
synchronized video input will provide an accurate data acquisition process for the aims of re-
creating the 3D kinematics of the moving animal. Whereas the body position data which is 
obtained from the neural networks will be used for 3d point reconstruction in Matlab. The 
position data from the neural network will go through an auto-regressive moving average 
model (ARMA) to conduct statistical analysis of time series before use for 3D kinematic 
reconstruction. The network will be trained on seven views which are from each of the cameras 
with 200 frames of data to reduce the prediction error, which is a total of 1400 frames and 
140000 points of manual marking. The time consumption for the neural network to be trained 
on each camera view is around 6 hours for 700,000 iterations on GTX1080 GPU. We then 
recreated the upside-down walking motion in a kinematic model to examine the relationship 
between body rotation and centrioles of body location towards the stability of the parrot. 
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Pulsed Eddy Current Sensor Board Analysis and Design - (12cp) 
Tarrant Saphin - S19-091 
 
Supervisor:  Professor Gamini Dissanayake 
Major:  Electrical Engineering Major 
 
 
Centre for Autonomous Systems (CAS) at UTS is working with Sydney Water Corporation to 
develop a system for non-destructive inspection of water pipes for urban water distribution, 
Advanced Condition Assessment & Pipe Failure Prediction Project. Cement lined cast iron 
water main pipes are of a large diameter and as they age, are prone to failure. As pipes 
deteriorate with age, pipe failures will continue to occur, resulting in disruption to the water 
supply. This project aims to develop an autonomous system that can traverse water pipes, 
typically 375-750mm in diameter and create a 3D profile to identify areas of potential failure. 
 
A non-destructive wall thickness evaluation using Pulsed Eddy current (PEC) sensing is 
currently used to create a 3D profile of water mains pipes. The detector coil-based PEC sensing 
is useful in quantifying ferromagnetic material thickness. The current engineering problem in 
using a PEC sensor, acquisition rate is currently limited by noise generated within the sensor 
board, reducing the measured wall thickness confidence and halving the available acquisition 
time. This limitation reduces the scanning rate and the overall time needed to create a 3D profile 
of a water mains pipe, affecting the distance that the unit that can scan between sessions. 
 
This project aims to analyse the PEC sensor board design and aims to redesign the board to 
reduce the noise generated within the PEC’s exciter and receiver coil, improve the confidence 
of the wall thickness measurements and increase the acquisition rate. 
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Develop an IoT Solution to Measure and Transmit the Highest Acceleration Level 
Transported Equipment are Subjected - (12cp) 
Joel Marini - A19-259 
 
Supervisor:  Dr Gavin Paul 
Major:  Mechatronic Engineering Major  
 
 
The University of Technology of Sydney in alliance with Downer Mineral Technologies, 
Rapido – an advanced technology development unit and the Innovative Manufacturing CRC 
(IMCRC) are revolutionising the use of composite polymers and Additive Manufacturing 
(AM) in the development of mining equipment. The goal is to design a bespoke 3D printing 
device with the ability to print a mineral separation spiral for use in mineral mining plants 
across the globe. There are plans to embed IoT sensor technology within the spiral, allowing 
for direct monitoring of the equipment. 
 
This project revolves around the transportation of the printed spirals and the printers 
themselves. The printed spiral will be a solution that will be used globally and therefore, will 
be shipped worldwide. The goal is to find a way to track and monitor the assets while they are 
in transit to ensure safe delivery and product integrity.  
 
A low power prototype device will be designed with the ability to record and send acceleration 
data that is experienced during the shipping process. The prototype will utilize modern battery 
technology and power-saving techniques to achieve a battery life up to 100 days. It will contain 
an accelerometer module to record and store acceleration levels which exceed a customisable 
threshold. All recorded data will be stored internally on the device, to account for signal issues 
and to act as a raw backup. Acceleration data as well as time, GPS coordinates and battery 
voltage, will be uploaded instantly via a Low Power Wide Area Network (LPWAN) to a cloud-
based server. From here all the recorded data can be accessed from an online webpage which 
will show the shock history and shipping path. 
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3D Printed Strain Gauge that is Resistant to Temperature Changes - (12cp) 
Matthew Woods - A19-302 
 
Supervisor:   Dr Gavin Paul 
Major:  Mechatronic Engineering Major  
 
 
Additive manufacturing is quickly changing from a technology designed for rapid prototyping 
to one that can be used for manufacturing production quality products. Gravity Separation 
Spirals (GSS) are fundamental in the mining industry to separate mineral rich slurry based on 
the different densities of its components. A 3D printer is being developed by UTS Rapido and 
aided by UTS CAS (Centre for Autonomous Systems) to directly print GSS, reducing current 
manufacturing issues such as expensive tooling costs, limited customisation, worker exposure 
to hazardous materials and costly transport options. 
 
By designing sensors that can be 3D printed, they can then be embedded directly into the GSS 
allowing for the GSS to be connected to the Internet of Things (IoT). This would provide 
remote access to; collect data on operation conditions, predict faults, and use the collected data 
to perform optimisations. This project presents a 3D printed strain gauge that can be directly 
printed into the GSS that is resistant to temperature changes. 
 
This was achieved by utilising a carbon-based conductive filament to print two strain gauges 
in a half bridge design in a Polyactic Acid (PLA) base. The printed strain gauges have been 
tested using an Instron E10000 testing machine with an optical extensometer for improved 
accuracy. Testing was conducted through unloading and loading tests which showed near linear 
relationship between strain and measured resistance as well as heating and cooling tests which 
show a clear relationship between resistance change and temperature, as well as showing a 
predictable relationship across different samples allowing for the success of the half bridge 
design in resisting the effect of temperature change. 
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Investigation into Robotic End Effectors for the MBZIRC - (12cp) 
Jonathon Ryan - A19-220 
 
Supervisor:  Associate Professor Jaime Valls Miro 
Major:  Mechatronic Engineering Major 
 
 
The Centre for Autonomous Systems (CAS) at the University of Technology Sydney (UTS) 
are competing in the 2020 Mohamed Bin Zayed International Robotics Challenge (MBZIRC). 
The MBZIRC is a biennial robotics competition that requires competitors to complete a series 
of challenges using autonomous robotic systems. To participate in this challenge, there is a 
collaborative effort amongst CAS and a number of FEIT Capstone students to develop an 
autonomous, unmanned ground vehicle (UGV). 
This Capstone project details the design and construction of a prototype robotic end effector to 
be used in this MBZIRC competition, to grasp and transport rectangular shaped bricks. 
Specification that the target bricks will include a magnetic sheath has informed the decision to 
implement magnetic gripping techniques in this end effector. Electro- and electro-permanent 
magnetic gripping solutions are common, however, to minimise the power consumption of this 
UGV, a novel switched permanent magnet solution is developed. Magnetic gripping alone does 
not guarantee the consistent orientation of the brick, which is fundamental for reliable 
construction of a brick wall. To ensure accurate alignment of the grasped brick, a combination 
magnetic and rotary mechanical gripping mechanism is developed, and comparison is made to 
the independent magnetic gripping solution. 
Later, the design of a compliant coupling that attaches this end effector to a serial link robotic 
manipulator is developed, to provide damping of vibrations induced during transportation. The 
combination of these three design components provides an effective robotic end effector 
capable of handling bricks using either independent or simultaneous mechanical and magnetic 
gripping. The finished prototype is versatile, reliable, and capable of completing the challenge 
as intended. 
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Multi-RGBD Camera Wall Edge Detection and Template Matching for Autonomous 
Brick Placement - (12cp) 
Mitchell Galea - S18-188 
 
Supervisor:  Dr Teresa Vidal Calleja  
Major:  Mechatronic Engineering Major  
 
Objective: 
Wall detection and pose estimation using RGBD Cameras for autonomous brick placement 
 
The University of Technology Sydney has been invited to compete in the 2020 Mohamed Bin 
Zayed International Robotics Challenge (MBZIRC). The competition is an international 
robotics challenge that aims to inspire robotic development through the solving of ambitious 
challenges. Currently, there is a gap between the capabilities of robotic systems and the 
requirements for widespread deployment in various industries including, manufacturing, 
construction, transport, health care, and disaster response. The MBZIRC competition aims to 
bridge this gap through innovative solutions and technological excellence concerning problems 
involving robotic perception, manipulation and control in unknown environments. This project 
endeavours to progress construction-related autonomy. 
 
This project is part of a collective effort to solve challenge 2 of the MBZIRC, which requires 
a team of up to 3 UAVs and a UGV to autonomously collaborate to locate, pick, and assemble 
a set of brick-shaped objects, to construct a digitally pre-specified wall template. The research 
presented focuses on multi-RGBD camera wall detection and template matching for 
autonomous brick placement. Implementation of a brick placement pipeline enables 
autonomous construction of a wall from brick-shaped objects, based on an input template. 
Development of a wall template data structure facilitates planar wall template extraction and 
tracking of construction progress. Point Cloud processing algorithms were implemented to 
extract edge-based features from partially constructed walls, in combination with a gradient 
descent implementation for template matching pose estimation and brick placement control. 
 
The system developed enables a robot with a serial link manipulator to robustly and 
autonomously place bricks to build a simple wall. However, further research is required to 
facilitate the deployment of such systems in the construction industry; this includes extending 
the hardware capabilities of the robot platform and expanding the autonomous processes 
developed. Each progression will place another brick in the wall of construction autonomy. 
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Concurrent Wind and Vibration energy harvesting - (12cp) 
Shengjie Jiang - A19-311 
 
Supervisor:  Dr Liya Zhao  
Major:  Mechanical Engineering Major  
 
Objective: 
Challenges of concurrent Wind and Vibration energy harvesting in application.  
 
A nonlinear electromechanical energy harvester based on the faradays law is developed for 
wind and vibration energy harvesting. Three identical cantilevered energy harvester units are 
built to transform kinetic energy into electricity. On top of the harvesters, a windmill is 
employed to channel the energy in the wind flows into structural rotations. Each harvester unit 
is attached with a magnet, while three additional magnets are fixed on the windmill. The three 
pairs of magnets are arranged with repelling magnetic dipoles to induce a nonlinear stiffness 
of the cantilevered harvesters. A multiple-structure windmill is also applied that there are more 
blades at the top to increase the steadiness of total windmill. 
 
According to the law of electromagnetic induction, stronger electromagnetic coupling and 
higher vibration frequency yield higher generated voltage. After multiple tests, the Rb magnets 
are chosen and placed with a proper displacement from the coil to achieve a high efficiency.   
 
The prototype can work in a low wind speed range between 1.5 m/s and 4 m/s. The voltage 
response is a subcritical bifurcation. With no initial disturbance, the onset wind speed is 3 m/s. 
The three nonlinear energy harvesters can work independently. With the optimal load resistor 
of 330 ohm, the output power from each unit is measured as 0.2mW~1.35mW. The total power 
is measured as 0.5mW~4mW. The output power increases with the increase of load resistance 
until 330 ohm, then decreases when the load resistance further increases. The output power 
also increases with the increase of the wind speed. The output voltage increases with the 
increase of load resistance, with a top value of 1.2 V for each electromechanical coupling. In 
addition, as the onset wind speed is not the same as minimum operational wind speed, the 
response shows a jumping phenomenon. 
 
Key words: Wind and Vibration energy, Energy harvester, Magnets, Output power 
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Novel Robotic Actuator - (12cp) 
Callum McMaugh - SU18-026 
 
Supervisor:  Dr Marc Carmichael 
Major:  Mechatronic Engineering Major 
 
 
The emergence of soft robotics has challenged traditional methods of actuation where artificial 
muscles actuators, specifically twisted coiled polymers (TCP), are used to perform linear 
movements due to their high power densities, lightweight, flexibility, and cost from their innate 
characteristics and materials for manufacturing. Although, a drawback in the use of TCP’s is 
the performance from thermal actuation because of the reliance on passive, fan forced, or liquid 
cooling. An alternative method for cooling is approached in this research capstone via the use 
of the thermoelectric effect using peltier modules to develop a compact static cooling solution. 
 
TCP muscles are created using spandex fibers from a twist insertion process and then the force 
response of the muscle is calculated against a load cell in a static rig. To compare the 
effectiveness of the peltier module cooling system, both passive and fan forced cooling is also 
tested on the same rig. 
A system is then designed for tandem operation of muscles leveraging the thermoelectric effect 
of the peltier modules by using both sides to pump heat back and forth for further increased 
performance. 
 
The results demonstrate that the peltier module is an effective method to heating and cooling 
TCP artificial muscles, however the system can be further improved with a more compact 
design and robustness of the thermodynamics in future research. An improved system could be 
used in medical prosthesis, soft exoskeletons, and flexible linear actuators for robotic 
applications. 
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CAZ Lights - (12cp) 
Catherine Azzi - A19-276 
 
Supervisor:  Dr Marc Carmichael  
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
To reduce the number of motorcycle accidents by increasing their visibility on the road 
 
‘There were almost 2700 motorcyclists killed or injured in NSW last year. Our statistics show 
that even though motorcycles only represent 4 per cent of motor vehicle registrations, they 
account for 21 per cent of all road fatalities and 12 per cent of all road injuries’ (Transport for 
NSW, 2019). 
 
After conducting a survey with motorcycle riders, the lack of visibility of motorcycle riders 
was voted second to be the main cause of road accidents. Additionally, it is a standard for 
automobiles on the road to have a break light at eye level. ‘5.5.1. single lamps or reflectors 
shall be mounted such that their centre of reference lies in the median longitudinal plane of the 
vehicle’ (Vehicle Safety Standards 2016). Every vehicle on the road has an extra break light at 
eye level however motorcycles do not. CAZLIGHT will give motorcyclists an extra set of lights 
to be viewed at eye level by other drivers on the road. 
 
The purpose of this report is to design and justify a solution that will increase the visibility of 
motorcycle riders on the road. While there are many solutions currently in the market of which 
some include jackets and boots with integrated lights, neither of these matches the 
functionality, simplicity and cost effectiveness of the CAZLIGHT. The innovative design of 
the CAZLIGHT can be installed by any individual on any year and model bike and on any 
helmet. 
 
Furthermore, besides the CAZLIGHT being used by the everyday or occasional motorcycle 
rider it has the potential to be introduced to many markets. These include the Australian Post 
Office, food delivery businesses such as dominos, uber eats and Deliveroo. With further 
research the CAZLIGHT can also be implemented to work with cyclists as there has been an 
80 per cent increase in cyclist deaths on our roads in the past 12 months. These figures were 
released by the Australian Automobile Association. 
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Design and Prototype of and Arm Cast Used for the Control of A Robot for 
Rehabilitation - (12cp) 
Rowan Smith - A19-063 
 
Supervisor:  Dr Marc Carmichael 
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
To design an arm cast that will improve the robotic control system of a robot for rehabilitation 
as well as improving the overall safety of the device, so that it may be deemed low risk by 
medical device regulatory bodies internationally. 
 
Tech Gym is creating a robotic solution that will reduce the manual therapy processes for 
rehabilitation therapists. The device can provide altering levels of support to the patient and 
will assist with movements of the patient’s upper limbs. This means that a patient can 
independently use the device whilst they engage in a rehabilitation game or exercise and the 
therapist is able to act as a supervisor to the activity. Hence by removing the manual labour 
and detaching the therapist this will allow the therapist to serve multiple patients at once whilst 
the patient still receives high levels of physical support throughout their exercises. It is well 
understood that when a stroke patient receives high levels of care, for at least 3 hours a day, it 
will allow them to return home faster with a higher level of independence. My research focuses 
on a component of this entire system, the interactive arm cast. 
 
The arm cast will be attached to both the end of the robotic manipulator as well as the patient. 
It will act as a controller to allow the user to interact with the beforementioned games that will 
guide them throughout their rehabilitation exercises. The focus of my research is to ensure that 
the user’s experience is safe and deemed low risk by internationally regulatory bodies. In order 
to achieve this, it has required in depth research into the design and form, material selection 
process, manufacturing standards and overall user experience. Further to this it is the hope that 
this research will result in a novel and innovative design such that it will allow Tech Gym to 
claim an international design patent and improve its commercial opportunities. 
  



Capstone Showcase 17 October 2019 

15 
 

Composite Suspension Control Arm Design and Optimization for Motorsport 
Application - (12cp) 
Daniel Lucic - A19-224 
 
Supervisor:  Dr Paul Walker  
Major:  Mechanical Engineering Major  
 
 
In top-tier Motorsport, engineers will look into any aspect of a vehicle to achieve any advantage 
they can on their opponents. One aspect which is often overlooked by lower tier race teams is 
the use of carbon fibre on high stress components of the vehicle. In modifying the design of 
the control arm, the designer is able to improve multiple aspects of the vehicle. Kinematically 
you can change the global position of suspension points on a car to provide different driving 
characteristics which are more suited to a given application and with the use of carbon 
composites you are able to increase strength and reduce overall weight of the vehicle  
 
A complete design and analysis of a carbon composite control arm for Motorsport application 
is presented in this report. A kinematic analysis of the existing system is undertaken with an 
updated kinematic system presented for the redesign which achieves vehicle characteristics 
better suited for Motorsport. 3D ANSYS models were constructed to analyze the physical 
properties of the composite design for the arm, with each ply of the laminate being examined. 
Load cases for the ANSYS analysis were found through mathematical formulations which 
determined forces the control arm would be subject to from the given test vehicle.  
 
Physical test pieces were constructed by Sydney Composites, and then a multitude of testing 
conducted so that the stress analysis data could be compared with physical testing data. With 
data now being validated, a completed control arm design with updated kinematics was 
constructed and analyzed through ANSYS. Further physical testing on a completed control arm 
would be ideal if this project was to ever be put into production, however the cost of 
manufacturing is something that needs to be considered despite the benefits of the re-design. 
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Desalination Using Simple Materials - (12cp) 
Darren To - A19-066 
 
Supervisor:  Dr Phuoc Huynh 
Major:  Mechanical Engineering Major  
 
Objective: 
A majority of desalination methods used to produce drinking water and water for food 
production are both costly and sophisticated 
 
Water is the main source of life for humans as our body is made up of over 60% of water. We 
require water that is clean and safe for mandatory purposes such as food production, 
consumption and sanitary purposes. Regions such as the Middle East where water scarcity is 
abundant, rely heavily on water purification methods such as desalination which purifies saline 
water from rivers and oceans, removing any presence of minerals and salts to acquire fresh 
water. The problem that arises with current desalination methods is that it is over costly and as 
these are undeveloped regions, they require a desalination method that is low in cost and 
efficient.  
 
I will be exploring the design and construction of a more affordable and efficient desalination 
method through the use of simple materials as it would reduce heavily in the cost of production 
and operation. The process of the prototype will be of reverse osmosis desalination which uses 
applied pressure to force the water through the filter, trapping minerals and salts to acquire 
fresh water. The materials that will be used are sand and clay to act as the filter and steel to act 
as the base and structure of the prototype. The composition of sand and clay that can act as the 
filter will be the challenge that we must solve as well as the amount of pressure required to 
force the water through the filter.  
 
The product will be an affordable portable desalination method that can produce fresh water 
from saline water through manual handling. This product will be easy to manufacture and use 
which can be distributed worldwide for people of any skill and knowledge in undeveloped 
regions to attain fresh water.
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Embedded Sensing for Monitoring Concrete Condition (6cp) 
Daniel Ryan - A19-301 
 
Supervisor:  Associate Professor Sarath Kodagoda 
Major:  Mechatronic Engineering Major 
 
Objective: 
Create RFID sensors that can detect moisture and corrosion within concrete structures.  
 
My capstone project aims to assist with the research The Centre for Autonomous Systems 
(CAS) is conducting. CAS at the University of Technology Sydney is a leading robotics 
research centre that develops solutions for government, industry and the wider community. 
CAS has been engaged by several Water Services Association of Australia, who are responsible 
for the maintenance of portable drinking Water and Wastewater infrastructure. WSAA is highly 
motivated to reduce the maintenance costs of waste-water pipes by increasing the visibility of 
their infrastructure condition by introducing a fleet of autonomous robots that can traverse the 
pipes to collect environmental data. Currently to determine the state of the concretes condition 
water companies must manually drill samples of concrete directly out of their pipes in 
operation. This can be an expensive, time consuming and dangerous task. It is not practical to 
collect data across large sections of pipe. This limits water companies’ abilities to develop 
accurate models of corrosion within their pipes. If companies had more information available 
to create detailed models of their infrastructure, preventative maintenance programs can be 
improved and effectively implemented. There is a potential to save million on operational costs 
which is the motivation for investing in CAS to research, develop and invent a host of 
technologies that are required to see this goal eventuate.    
 
The solution CAS aims to provide is an autonomous robot that can traverse the hostile 
conditions found in wastewater pipes. The robot would collect environmental data for RFID 
sensors that have previously been embedded within the pipes. The sensors can also be used to 
localize the robot so that it maintains it orientation and operates effectively. The primary goal 
of my capstone is to develop a RFID sensor that can at a minimum be able to detect relative 
changes in environmental conditions through air as a medium. The developed sensor will also 
be tested in various concrete samples to test its effectiveness and determine if the design is 
resilient. 
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Modelling and Design of a Self-Reconfigurable Quadcopter Based System - (12cp) 
Hein Leong - A19-163 
 
Supervisor:  Associate Professor Sarath Kodagoda  
Major:  Mechatronic Engineering Major  
 
Objective: 
Investigate and develop a self-reconfigurable modular robotic system for collective task 
 
With recent advancement in quadcopter design and capabilities, the potential of utilizing a 
quadcopter-based system in the various field has grown exponentially. This has led to an 
increase in research around quadcopter with swarm behaviour to solve collective task. 
However, these quadcopters could not work collectively as a single unit which adapts and self-
reconfigure to solve different tasks. 
 
Inspired by biological systems such as ants and bee colonies, we can mimic the colony 
collective effort that solves difficult problems such as building massive structures, exploring 
and transporting food. Some ant species are able to build a raft on the surface of waters using 
their own body. A layer of ants on the bottom of the raft serves as a base where water cannot 
penetrate the raft allowing the ants to stay dry. This was achieved through collective work 
between the ants that forms a tightly knit weave. 
 
The main focus of my thesis project is to create a physics simulation that is integrated with 
ROS (Robotics Operating System) that would simulate the dynamics of a quadcopter structure. 
This is required as there are currently no simulations available that are able to simulate modular 
flying robots. The aim of this simulation is to obtain the dynamics of the system in an ideal 
environment and create the appropriate controllers for the quadcopter structure. Additionally, 
the simulations allow us to test some of the self-reconfiguration algorithms without risking any 
damage to actual hardware. 
 
The second part of my thesis focus on implementing ROS (Robotics Operating System) on 
actual hardware in order to obtain real-life data of a quadcopter structure. In order to get the 
pose of the drone in a 3D environment, the nanominds drones used in my thesis project will be 
retrofitted with additional sensors in order to relay its pose back to an offboard computer. 
Additionally, the autopilot hardware on the drones would have to be modified to be able to 
receive commands from the offboard computer that runs the decentralized position controller.  
 
This thesis report encompasses the different technique and algorithm used in a modular 
quadcopter structure in areas such as controls, connection, and self-reconfiguration. The 
literature review examines the methods for physical connection and control algorithm for a 
quadcopter structure, constructing the basis of the experimentation conducted. The outcomes 
from the experimentation will be discussed, highlighting the feasibility of such a system, and 
formulates the intended future works which aim to extend the possibilities of a modular 
quadcopter structure. 
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Water Validation of Water Treatment Plants - (12cp) 
Hakan Da - A19-238 
 
Supervisor:  Dr Jianjia Zhang  
Major:  Mechanical Engineering Major  
 
Objective: 
Reducing Time and Cost of the Water Validation Process of Water Treatment Plants  
 
Water Validation, in its current state, is an expensive and time-consuming process, involving 
rigorous validation processes completed manually by plant operators, ensuring the plant is 
meeting potable water standards. While this process is effective, it is now feasible to digitise 
the current protocols. 
 
Digitising the complete validation process is a great technical challenge, and has only been 
feasible recently, due to advances in Artificial Intelligence and Autonomous Learning 
protocols. The Data Science team from UTS, recently moved from Data61 at CSIRO, have 
been given a brief from ARUP for the project, as the team has been conducting water utility 
projects of similar programming design and modelling. 
 
While optimising the validation process will positively impact current water utilities globally, 
a simplified set-up process for a water treatment plant increases the feasibility of construction 
in developing countries, where funds are less readily available. Looking at the economic benefit 
of saving both time and resources in pre-commissioning and pre-testing a water treatment plant, 
it opens the opportunity to implement in more regions where a treatment plant is required. 
 
In order to narrow the scope of the project for a prototype, the historical data and analysis will 
be utilised from Ultra-Violet Treatment Plants in Australia and America. Contained in this 
report is an analysis of types and applications of predictive modelling, notably Linear 
Regression and the Guassian Process. The use of scatterplots is discussed as a tool to enable a 
water treatment plant operator the ability to interpret data, without any prerequisite knowledge 
of Autonomous Learning/ Predictive systems.   
 
A toolkit in the form of a web application has been created, in which operators can input 
historical records, returning data in the form of scatterplots. These will predict trends in desired 
processes attaining to water validation, thus reducing time and cost of additional testing. 
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Mechanical Design of the Semi-Autonomous Library Retrieval System Trolley - (12cp) 
Thomas Stokes - A19-065 
 
Supervisor:  Dr Teresa Vidal Calleja 
Major:  Mechanical Engineering Major  
 
Objective: 
Completing the mechanical design of the Semi-autonomous LRS trolley to begin research 
 
The UTS - Center of Autonomous Systems (CAS) is initiating research into pedestrian and 
robotic interactions in the urban landscape, partnering with the UTS Library Retrieval System 
(LRS), offering the opportunity for real world testing and development of these technologies. 
 
With the expansion of robotics, once confined to warehousing and controlled environments, 
into the everyday lives of pedestrians and urban areas, there are applications where robots will 
be required to navigate busy, fluid and variable environments. This poses unique challenges 
such as navigating through high volume thoroughfares for foot traffic, assisting the operator in 
the recognition and avoidance of obstacles and hazards, and providing a simple human-
machine interface that will assist in the completion of tasks with greater efficiency. Mastering 
these challenges will provide further sophistication in the development of autonomous and 
semi-autonomous systems destined to operate in the urban environment.  
 
This capstone report focuses on the mechanical design and implementation of a human machine 
interface (HMI) designed to assist in the testing and research of Semi-autonomous systems, 
with the key emphasis on the LRS trolley. The trolley is designed to assist in the delivery of 
research material between the LRS and the various faculties located on the UTS campus, with 
frequent exposure to foot traffic on footpaths and roadways. As a research aid, this capstone 
focuses on the mechanical design required for researchers to begin their testing and research 
into the interactions between pedestrians and (Semi)Autonomous vehicles, with the ability for 
researches to test variables and scenarios. The current robot features a 3D camera, CPU, on-
board battery pack, lidar and a laser projector, with the HMI assisting in the control and testing 
of these features. Moreover, aspects such as assembly, maintenance, structural longevity and 
user operability are considered and further developed.  
 
Furthermore, this project will continue onto a tool for the LRS staff to conduct daily duties 
while providing invaluable data to CAS researchers. The mechanical design for the various 
components that make up this robot must be either commercial, easily obtainable and or easily 
replicable. This also extends to the replication or production of further units to meet capacity 
demands of the LRS. 
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A Robot Hearing the Shape and Dimension of a Room: A Mechanism - (12cp) 
Tran Phan - A19-114 
 
Supervisor:  Dr Linh Nguyen 
Major:  Mechanical Engineering Major  
 
The Objective:  
New mechanism for a robot to collect sound signals. 
 
Most of modern robots using image sensor to track or detect an object in their vision with data 
processing algorithms. This process obtains data from the sensor and analyse the data with an 
available source of coding embedded into the robot’s processor. However, this robot 
configuration has a significant disadvantages in several special circumstances where the light 
source is very weak or missing. Therefore, if the image sensor on the robot cannot collect data 
due to no visual information, the robot cannot operate or run in the dark areas. 
In order to handle this weakness, a greedy method called sound localization is proposed. This 
method uses a sound source and five microphone sensors to collect the echoes and it analyze 
the collected data to estimate the room shape and dimensions. 
For every robot, there are two main parts: hardware and software. With my mechanical 
background, I take responsibility for the hardware while my teammate Duy Nguyen is 
responsible for software. 
In some researches, they pointed out that microphone’s position has significant impact to the 
collected sound echoes. Inspired of previous experiment, I have redesigned a robot which has 
five arms and five sensors, each arm carries one microphone sensor and these sensors can move 
along the arm. Also, these arms can rotate around the center point. Therefore, more data can 
be gathered without any position movement. The real engineering challenge in this part is the 
vibration and smooth mechanism since these elements have a significant impact to the sound 
signals data. 
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Noise Reduction Windows with Nature Ventilation - (12cp) 
Laurentius Mualim - A19-106 
 
Supervisor:  Professor Xiaojun Qiu 
Major:  Mechanical Engineering Major  
 
 
Nationwide, Australia’s private companies such as Cogent Acoustics, Melbourne partakes in 
determining the various sounds insulation performance of different venues. Although this may 
facilitate in determining commercial fit-outs and the selected materials used for high-end 
recording studios and theatres. The lack of accessibility is in measuring the transmission loss 
of different partitions and raw materials. 
 
As it stands, in Australia most products are sent overseas where their respective sound 
absorption coefficients are measured and compiled. This introduces high levels of bottlenecks 
for manufacturing companies to perform secondary adjustments based on the client’s design 
brief. An extended delay in lead time may contribute to major repercussions such as exceeding 
deadlines during major real estate development and reduces profitability.  
 
Situated at the Centre for Audio, Acoustics and Vibration of the University of Technology 
Sydney is a transmission loss suite. This facility comprises of two adjacent reverberation rooms 
separated by a partition with a dimension of approximately 2.354 m by 2.975 m to hold test 
samples. A source room with approximately 232 m3 and a total surface area of approximately 
247 m2 provides industry partners with the ability to evaluate sound reduction of manufactured 
materials and structures i.e. the sound absorption of a building wall. This paper explores the 
key features of the facility which includes the reverberation time and the sound absorption 
coefficient. At lower frequency range of 100 Hz, the reverberation time of the room provides 
a time of 20s and a reverberation time of 3.1s at higher frequency range of 5000 Hz. 
 
A successful validation of key parameters within the UTS transmission loss suite will yield the 
removal of trade barriers across Australia and stimulate a marginal growth in the manufacturing 
sector. 
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Underwater Gasket and Sealing Material (6cp) 
Chelsea Jane - A05-999 
 
Supervisor:  Mickey Clemon 
Major:  Mechanical Engineering Major 
 
Objective:  
Water leakage in electronic packages in underwater environment 
 
With the increasing usage of electronics, reliability defects are a critical concern for the 
electronic industry. Humidity is one of the biggest concerns and booster of failure on closed 
electronics packages. This paper explore alternative methods for the replacement of sealant 
LOWAC No 4, the target industry in this paper is the marine and underwater industry, problem 
was identified during the maintenance and refurbishment of a marine ship, the sealing surface 
of the assembly was subjected to leakage where sealing compound LOWAC was used,  it was 
found to be hard to clean when hardened, the end goal of this project is to provide 
recommendation on a gasket and sealant material to be used on a mounting surface as an added 
moisture barrier. Quality sealing products has direct impact on performance, some of the 
critical impact including engine failure, engine efficiency, smoke and gas emissions and cost 
of maintenance. Marine environment requires the gasket material to not only withstand salt 
water and salt fog, it needs to perform under pressure and extreme temperatures. 
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Smart Clothing, Fabric Piezoresistive Sensors, Tactile Sensors, Robotic Arm Control - 
(12cp) 
Vincent Setiadi - A19-118 
 
Supervisor:  Dr Mickey Clemon 
Major:  Mechatronic Engineering Major  
 
 
Fitness and health industries become current trends among engineering and medical industries. 
Wearable products such as fitness tracker or smartwatch are highly demanded in society. In 
response to these trends, an idea in developing wearable that capable of mapping and 
memorizing patterns of body movements emerged. One of the applications of this concept is 
used for patients who undertake physiotherapy able to perform their daily exercise by the help 
of smart clothing. The smart clothing would able to perform specific sets of movement with 
high accuracy based on the previous movement recorder by a physiotherapist as a reference.   
 
For the scope of this capstone project, an arm sleeve would be developed as a proof of concept 
for this idea. The primary purpose is to be able to record arm movement based on deflection 
and rotation. Several flex sensors would be knitted into the sleeve which is responsible for 
mapping the flow of arm. Flex sensors are used as a representative of tactile and strain gauges 
sensors. The flex sensors capable of reading movement through the change of resistivity of the 
sensor’s nature based on compression or stretch movement. 
 
To test the sensor’s capability, a test using Instron was conducted to see the maximum stretch 
range of the sensor as well as the sensor’s reading consistency when it stretched. Furthermore, 
the sensor would be used to control a robotic arm to see the accuracy of the sensors. A UR3 is 
be used as the representation of the robotic arm. Through resistive change within the flex 
sensors, user would be able to send input command to the UR3 to replicate the arm movement 
in real-time. Multiple IMU is attached to the sleeve as well as on the UR3 to see to validate the 
accuracy of the sensor’s acquiring real-time reading data.  
 
Finally, upon the completion of the project, developing wearables for other body parts such 
limbs or neck are possible using the same concept developed within this project. 
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Development of a Dual Additive and Subtractive Manufacturing Device for the 
Filament Winding of Composite Tubes and Cylindrical Components - (12cp) 
Pavlos Hanna - S19-241 
 
Supervisor:  Dr Mickey Clemon  
Major:  Mechanical and Mechatronic Engineering  
 
Objective:  
The UTS Rocketry team needs a way to be able to produce custom High-Power Rocket (HPR) 
airframes out of composite materials in-house and within budget to an aerospace quality to be 
a viable competitor in the inter-university rocketry competitions. 
 
The production of carbon fiber components is a difficult and non-routine process. Carbon fiber 
components are utilized within various avenues at the university and these are currently 
handmade or outsourced. This results in components that are either non reproducible or 
restricted by the outsourced companies manufacturing limitations and budget constraints. A 
solution to be able to produce reproducible composite parts is something needed within the 
university.  
 
This is of particular interest for the Universities Rocketry and Motorsports teams. For these 
teams to be more competitive, they need a way to make these components in house at a high 
quality and reliability. Furthermore, the device will provide various avenues for future research 
projects, along with allowing research of wound composites to be undertaken at the university.  
 
Researching how these items are manufactured, a device called a filament winder was found 
to be the main way that this is done. These devices however are designed for production runs 
and are designed to be used alongside other pieces of equipment and are limited to produce 
tubes with a constant winding pitch. Also, as composites are anisotropic, optimal strength at 
different sections is not possible with these devices and moreover, non-routine geometries like 
fins and eyelets cannot be created using these machines.  
 
As such, a custom designed and built solution will be the best fit to the problem and will allow 
for the best match of needs to capabilities of the machine within the constraints that are present. 
A custom filament winder with the ability to vary the pitch of the windings and transversely 
wrap additional sections incorporating them into the part is the proposed solution. In addition, 
it will also be able to perform basic machining operations like milling and turning to allow for 
slotting, drilling holes and squaring/cleaning up edges, while remaining a stand-alone unit 
achieving the desired requirements.  
 
The design for this machine has been modeled through computer aided design. Simulations of 
it have shown that a tube of 60mm inner diameter with a 3mm wall thickness and 1200mm 
long would take 5 hours to produce which is equitable to the time it takes one person to make 
the same tube (including preparation, cleanup, inspection and rectification of handmade tubes).  
 
 
 
 
 
 
 
 



Capstone Showcase 17 October 2019 

26 
 

Optimisation of Steel Columns Utilising Fractal Geometry - (12cp) 
Mathew Da Silva - A19-135 
 
Supervisor:  Dr Ali Saleh  
Major:  Civil Engineering Major  
 
 
Engineers’ knowledge and understanding of how three-dimensional structures are resisting 
loads is continually improving, due to the development and accessibility of structural analysis 
programs. In recent years the engineering industry has also experienced rapid advancements in 
additive manufacturing, with increased applications across multiple disciplines such as 
biomedical and mechanical engineering. However, it is yet to have any major impact on 
structural engineering of buildings due to the relatively low strength and stiffness of materials 
and the large-scale nature of structural members.  It is envisaged that the rapid pace of 
developments in additive manufacturing will enable the future production of geometrically 
complex structural members that are optimised to be both cost effective and have a higher load 
bearing capacity than their current counterparts. 
 
This project aims to develop the design of steel three-dimensional columns by adopting a 
theoretical fractal geometry approach. As proof of concept, a comparative numerical analysis 
of solid steel circular columns with varying diameters was completed to identify current 
capacities as a benchmark. Based on a fractal geometry approach, an algorithm was then 
developed to generate an optimised column geometry by replacing the compression members 
with a sub-structure in the form of a truss that has the same mass as the original column. 
Repeated application of the algorithm to all compression members of the newly generated sub-
structure leads thereby to higher orders of geometric refinement with the aim of increasing the 
overall compression capacity of the original column. The developed structures were modelled 
in frame analysis software to determine the elastic buckling loads, alongside finite modelling 
software to determine the elasto-plastic behaviour of the structures.  
 
Elastic analysis returned that there was a 20-fold increase in load-carrying capacity of the 
fourth iteration structure when compared with the initial structure. The results of the more 
realistic elasto-plastic analysis resulted in the second iteration structure achieving a 4-fold 
increase in capacity, with subsequent iterations achieving lower capacities. Despite 
diminishing returns, the maximum increase in column capacity after 4 iterations was 
approximately 4-fold.  These results prove that there is potential for success in the optimisation 
of steel columns, but further comparative research should be completed in optimisation 
methods other than fractal geometry. This research provides the structural engineering industry 
with a method of designing structures that can be more efficient and economical than traditional 
members. This will be viable when the industry finds a way to additive manufacture not only 
the complex geometry required, but also to the large scale required for structural members 
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Three-Dimensional Simulation for Seismic Response of Tall Buildings Sitting on 
Shallow and Deep Foundations Subjected to Primary Waves - (12cp) 
Sirui Wang - S19-179 
 
Supervisor:  Associate Professor Behzad Fatahi 
Major:  Civil Engineering Major  
 
Objective:  
Evaluating the seismic response of tall buildings sitting on shallow and deep foundation 
subjected to primary waves.  
 
The rapid construction development in seismically active areas has been observed. To ensure 
the design of buildings is safe and reliable, engineers need to understand and consider the 
seismic soil and structure. The influence of the vertical component of the seismic motion has 
recently become more highlighted in the field of geotechnical and earthquake engineering. The 
high intensity vertical components of the earthquake such as p-wave can result in significant 
impact to the building structure by generating large amount of building movement which may 
cause severe damage to the building foundation and bearing structure. To investigate the 
influence of the p-wave component in full-scale structures, a 20-storey concrete reinforced 
building has been modelled one pile-raft foundation and shallow foundation. In this research, 
historical strong earthquake motions have been implemented to create a realistic simulation. 
PLAXIS 3D software has been used to perform the simulations, while the dynamic time 
histories are used to analyse the response of the building subjected to difference vertical 
component intensities. In Particular, foundation rocking angels, inter-storey drift ratio, 
maximum lateral deflection, maximum shear force generated in columns, response of piles in 
terms of deflection, shear forces and bending moment are discussed.  
 
To ensure the modelling result is reliable and under a safe design, the relevant building codes 
have been applied, while the numerical modelling parameters have been obtained from reliable 
and verified sources. The seismic response of the building structure was found to be impacted 
by the vertical component of the earthquake owing to the soil-structure interaction and induced 
foundation rocking. Moreover, the predictions indicated that the vertical component of 
earthquake may cause unfavorable structural response when soil-structure interaction is 
considered. Therefore, the influence of the combined horizontal and vertical component of 
earthquakes must be evaluated properly to deliver a safe design. 
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Dynamic Analysis of Ultra High Performance Geopolymer Concrete Beam Subjected to 
Blast Loading - (12cp) 
Santi Katrina - A19-310 
 
Supervisor:  Professor Chengqing Wu  
Major:  Civil Engineering Major  
 
Objective:  
Provide evidence to mitigate the blast or explosion effect on the structure by using ultra high 
performance concrete (UPHC) 

 
In years, terrorist acts have spread throughout the world. Most of them involve bomb explosion, 
which result in catastrophic damage, such as economic losses, loss of life and structural failure 
that are inevitable. Thus, post-disaster and governmental building are required to be designed 
to withstand an explosion. Enhancing the performance of concrete is one of the numerous 
methods available.  
 
The Objective of this project is to study the behaviour of ultra-high performance concrete 
(UPHC) beam subjected to blast loading with varying blast parameter and geometrical 
configuration. The blast explosion will be located 1.5 meters from the beam specimen with 
various charge weight from 1-35 kg equivalent TNT. The dynamic analysis is performed by 
LS-Dyna finite element software, LS-Prepost and ANSYS Product Launcher is used to solve 
the simulation. Furthermore, the UPHC beam will be compared to normal strength concrete 
(NSC). 
 
According to the comparison from the dynamic analysis, UPHC can withstand the blast loading 
for a longer duration before failure compare to NSC. Moreover, the use of UPHC can minimize 
the deflection, shear and local damage that structure experienced. Thus, the use of UPHC is 
proven to mitigate the blast effect on the structure compared to other concrete materials. 
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Investigating the Use of Smart Technology Outside Schools to Deter Illegal Driving 
Practices - (12cp) 
Christopher White - A19-101 
 
Supervisor:  Dr Claudine Moutou 
Major:  Civil Engineering Major  
 
Objective:  
To address the large number of illegal driving and parking behaviours which currently happen 
near primary schools at drop-off and pick-up times 
 
As Australia’s population continues to grow throughout the 21st century, local primary schools 
are accepting a greater number of student enrolments without consideration to their existing 
infrastructure and facilities. A lack of traffic management planning for school drop-off and 
pick-up times has caused a rise in traffic congestion around schools and an increase in the 
number of dangerous driving practices as parents struggle to find a safe location to load and 
unload their children. Illegal parking and enforcement of the road rules can only currently be 
achieved through the physical presence of NSW Police or Council Parking Rangers. With a 
significantly higher number of primary schools compared to patrol officers, the existing 
enforcement system is labour intensive, inefficient and unsustainable.  
 
The purpose of this project is to investigate whether smart technology could be adapted and 
applied to solve the problem of illegal driving and parking behaviours in the context of a local 
school zone environment. As this project is a real world trial, this report will explore the 
methodology involved with researching, planning and executing an innovative project which 
aims to solve a major safety issue facing the local community. 
 
Findings emerging from this project highlight the importance of meticulous planning in the 
introductory stages of smart technology projects to ensure that the concept is legal, feasible and 
sets out to solve a real issue which the community can identify and relate to. Recommendations 
and frameworks developed in this project are shaping how the smart technology will be 
designed, installed, trialled and evaluated for a school in the Canterbury-Bankstown local 
government area by mid-2020. 
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Analysis of Accessibility Induced Demand at Sydney Metro Northwest Stations - (12cp) 
Sokan Chhoun - A19-138 
 
Supervisor: Dr Claudine Moutou  
Major:  Civil Engineering Major  
 
Objective:  
The project aims to evaluate the accessibility induced demand of Sydney Metro Northwest 
stations through the use of GIS and observational studies against accessibility hypotheses, 
which are informed by empirical studies 
 
Promoting public transport use has been a feature of transport and planning policies as public 
transport offers more positive environmental and economic impacts than increased motor 
vehicle use. The opening of the Sydney Metro Northwest in May 2019 increased public 
transport accessibility overnight to suburbs with one of the highest car ownership rates in 
Australia. While expectations are high that this new public transport infrastructure will be well-
used by the community, there are concerns that it will induce more car traffic around stations. 
This study seeks to examine induced travel demand of Sydney Metro Northwest stations from 
an integrated transport and land use perspective on accessibility. 
 
The study looks at the current transport infrastructure and its accessibility for residents and 
commuters in the associating suburbs, as well as the service level demand. This includes 
studying catchment of the bus network, availabilities of commuter carpark as well as the 
walkable and cyclable catchment from metro stations. Hypotheses, extracted from empirical 
studies, will be set and allow us to test whether statements about accessibility are correct. This 
study will incorporate the use of Geographical Information System (GIS) software to capture 
images of the network as a whole, while allowing us to find relationship between each 
component of the spatial data. Case studies of two stations with different characteristics will 
be utilised to create better understandings of bus patronage, occupancy of parking spots as well 
as bike racks, through observational studies. This methodology enables an analysis of the 
features that are likely to influence travel behavior in the absence of the release of actual metro 
patronage level 
 
The project aims to determine whether the accessibility of the metro stations has any significant 
impact on patronage and travel modes, thus concluding any gaps required to make public 
transport more appealing. 
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Wastewater Treatment using Bioreactor Membrane - (12cp) 
Melvin Wibowo - A19-152 
 
Supervisor:  Professor Duc Long Nghiem 
Major:  Civil Engineering Major  
 
Objective:  
Trace organic removal in wastewater using bio reactor membrane (MBR) 
 
Water recycling is a vital process to alleviate water scarcity. In order to flow the water cycle, 
wastewater needs specific treatment before going back to the environment and bioreactor 
membrane (MBR) is believed one of the effective ways to treat wastewater. With the aim of 
sludge and water separation, membrane reactor is now an alternative supplementary of 
conventional sludge settler tank. The role of MBR here is to remove trace organic contaminants 
in the wastewater. The effectiveness of MBR itself will be determined by the organic materials 
removal done by the reactor. MBR has not only substituted the role of conventional activated 
sludge process, but also resulting a better-quality effluent and lower in terms of physical 
footprint and sludge production. Furthermore, MBR has more stable removal trace organic 
contaminants processing moderate to high biodegradability. The study investigated the 
effectiveness of MBR by conducting experiment on laboratorium and using artificial 
wastewater that contains organic materials such as phosphate and nitrate. The case of the lab 
experiment, MBR has done a good job removing the contaminants. Although the efficiency of 
MBR eliminating organic materials can be said excellent in all literatures in the world, there 
are some limitations as well in dismissing certain persistent compounds. Thus, specific 
treatment needs to be done in regards discharging back effluent back to the environment, and 
in this term is called post-treatment after the MBR process. 
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Municipal Solid Waste Landfill Modelling - (12cp) 
Oliver Daley - A19-257 
 
Supervisor   Associate Professor Hadi Khabbaz  
Major:  Civil Engineering Major  
 
Objective: 
Safe disposal of Municipal Solid Waste in Landfills: An On-going Geotechnical and 
Environmental Challenge in lieu of Economically Feasible Recycling Options   
 
Over the past 30 years a plethora of studies have focused on understanding the geotechnical 
properties of municipal solid waste (MSW) with the intention of building a framework for 
landfill design and operation. Municipal solid waste by classification is composed of numerous 
components, including food waste, paper, cardboard, plastics, rubber, glass, textiles, dirt, etc. 
Conventional geotechnical models for predicting density, unit weight and moisture content are 
redundant due to the heterogenous nature of MSW. Moreover, with the level of uncertainty in 
determining MSW properties the ability to estimate landfill volume and storage capacity is 
difficult.     
 
This study firstly presents a literature review of landfill design and operations along with 
models for calculating physical and geotechnical properties of municipal solid waste. The 
remainder of the study focuses on implementing such principles in finding:  
 

• The volume of a proposed MSW landfill based on geometric properties, design of 
bottom liner system and consideration for operational requirements, including daily 
cover. 

• Converting between volume and storage capacity in terms MSW mass. Compaction 
effort, MSW component composition characteristics and biodegradation are found 
to be key variables in the conversion. 

• Producing a unit weight profile for MSW landfill  
• Forecast the accumulative generation of MSW   

 
The findings are presented through the creation of a graphical user interface (GUI) in 
MATLAB known as App Designer. Each graphical user interface focuses respectively on one 
of the four points stated above. GUI’s are powerful for simplifying complex operations and are 
accessible to all user skill sets even for those with a non-engineering background.  
 
The developed GUIs and moreover the MSW landfill model are undoubtedly useful for 
conducting feasibility studies for potential landfill sites, assisting practicing engineers during 
the design phase and an educational tool especially at university level. 
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Numerical investigation of Shear Deflection of Welded-Beams and Welded- Columns 
with Varying Span-Depth Ratio - (12cp) 
Salman Kamali - A19-239 
 
Supervisor:  Dr Harry Far  
Major:  Civil Engineering Major  
 
Objective: 
Establishing a span-depth ratio for WB and WC sections below which shear deflection is 
significant. 
 
Deflection of structural components is one of the important elements of Serviceability Limit 
State design (SLSD). The amount of deflection of load-bearing beams is as important as the 
strength of the beam. The Australian Standards for concrete and steel structures i.e. AS3600 
and AS4100 have set the maximum allowable deflection of beams. Deflection of beams is a 
function of bending stiffness as well as shear stiffness. The established formulae that are used 
to calculate the deflection of beams only take into account the bending stiffness and neglect 
the bending due to shear. Yet the Australian Standards do not provide any provisions on when 
to account for shear deflections either.  
 
This project aims to study the deflection behaviour of the simply supported steel beams and in 
particular Welded Beams (WB) and Welded Columns (WC) under uniformly distributed load 
(UDL). The study aims to numerically investigate the effect of span to depth ratio of WB and 
WC beams on the amount of mid-span deflection. It is also intended to compare the mid-span 
deflection values of these beams with that acquired from the formula i.e.   . By comparison of 
the deflection values it is aimed to establish a span to depth ratio for WB and WC sections 
below which the shear deflection shall be accounted for in order to calculate the actual 
deflection of these beams under service loads.  
 
The numerical investigation is being carried out using Finite Element software i.e. SAP2000. 
The beams are modelled using shell elements and automatically meshed using 50mm grid. A 
non-linear analysis is conducted for a superior quality of the results. All the analyses are 
performed in the elastic range because deflection is essential to consider under service loads as 
per SLSD criteria. The result of this study will provide a useful span-depth ratio for WB and 
WC beams that could work as a trigger for designers and academics to indicate the importance 
of shear deflection. 
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Maintenance & Utilisation of Civil Structures - (12cp) 
John Romanous - A19-102 
 
Supervisor: Professor Huu Hao Ngo 
Major:  Civil Engineering Major  
 
Objective: 
Maintenance & Utilisation of Civil Structures 
 
Central to any effective, efficient and developed society or people, is an equally effective and 
efficient system of public infrastructure. More specifically, the areas of public infrastructure 
directly concerned with transportation are now, more than ever, essential to the effective 
operation of our modern-day cities and metropolitan areas. Whilst the past century from 1900 
onwards was marked by an unprecedented level of fiscal and social commitment to the 
establishment and expansion of these systems, recent events (most notably multiple global 
financial crises as well as a plateauing of government expenditure on such areas) have seen a 
considerable decline in the construction of such networks. 
 
A concerning symptom of such a considerable decrease in public infrastructure is the increasing 
occurrence of roads and bridges being utilised and inadequately maintained well past their 
intended use by dates. This concern has prompted many governments to face a difficult 
question; continue using a structure or piece of public infrastructure in an inadequate state or 
develop more cost-effective solutions to administer redevelopment projects within their 
budgetary constraints. 
 
This report aims to address the aforementioned question that is currently being posed to many 
governments the world over. In addressing this issue, the report will identify multiple solutions 
that can extend the life span of civil structures whilst also determining the economic and 
engineering feasibility of each proposed solution. Extending the life span of civil structures 
includes all forms of testing, maintenance and renovation. However, if this process is deemed 
not feasible from an economic or engineering perspective, then ways of recycling or 
repurposing the structure to be more environmentally sustainable will be highlighted. 
 
It would be difficult to apply this concept to all civil infrastructure projects so this report will 
focus exclusively on bridges and use Italy’s Ponte Morandi Bridge located in Genoa, Italy as 
the primary case study for the report. 
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Removal of Antibiotics and Antibiotics Resistance Bacteria from Australian 
wastewater. - (12cp) 
Viet Nguyen - A19-178 
 
Supervisor:  Professor Huu Hao Ngo 
Major:  Civil Engineering Major  
 
 
The miracle advancement in modern era medicine can only exist thanks to the development of 
antibiotics; they are used to kill bacteria and microbe that cause tuberculosis, E.coli infection 
diseases that were once considered chronic, incurable. However, despite being praised as the 
giant leap of mankind due to their effectiveness, nowadays, the world sees antibiotics as 
pollutant. As over-prescription, over usage and lack of regulation, high concentration has been 
released into the environment, causing a global dilemma of the emergence of micro-bacteria 
carrying antibiotic resistance genes and superbugs. 
  
Antibiotic resistance genes can resist antibacterial, so for once thought curable diseases now 
return as permanent or incurable, bringing society back decades ago. According to the World 
Health Organisation (WHO), Australia contributes 22,000 excess deaths due to antibiotics 
resistance bacterial out of 700 million worldwide in 2018; and this has not only placed an 
enormous burden on the Australian society and economy but if not treated correctly, will spread 
superbugs to all other corners of the world. As there has been no further development of new 
antibiotic, society will transit into a post-antibiotic era, the end of modern medicine, triggering 
fundamental threat to global health and safety. 
  
In Australia, antibiotics are not exclusively used to cure diseases but to promote livestock 
animal's growth in farming. Due to the food demand, farmers are forced to use an extensive 
amount of antibiotics on livestock, thus releasing high concentration into the water 
environment, creating a choke point in all wastewater treatment plants. These plants are not 
designed to withdraw this vast amount of antibiotic; hence, the remaining has made a way into 
society through waterways, rivers. All Australian wastewater treatment plants' efficiency of 
removing pathogens and microbes has been reported to be up to 99%. However, there is no 
report on how well Australian wastewater treatment processes are removing the fundamental 
cause of the problem, which is antibiotic substances. In Australia, agriculture and farming 
contribute to 12% share of the country's GDP; hence, this problem is one of the nation's most 
important priorities for the sustainable future. 
  
All the current water treatment processes are critically analysed and compared, such as 3D 
nano-filtration, and adsorption methods. This capstone project creates the marking criteria base 
on literature reviews of Effectiveness, Social, Environmental, and Economic consequences of 
different Australian water treatment technologies. A new proposed process of removing 
antibiotic from the water will be introduced as a compromised process between a low-cost 
technology, effective technology and socially sustainable technology. The project will also give 
an update on the Australia current state of fighting against this emerging pollutant, while gives 
an insight into future challenges that the nation will face. 
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Design of Stormwater Gauging Stations for Urban Flow Data - (12cp) 
Cristin Warda - A19-300 
 
Supervisor:  Associate Professor James Ball 
Major:  Civil Engineering Major  
 
Objective: 
To provide accurate and comprehensive raw data to inform evidence-based decision making 
for Australian urban catchments. 
 
The predictive capacity of hydrological modelling is significantly limited without meaningful 
flow data for urbanised Australian catchments  (Ball 2016). A design for a stormwater gauging 
system for long-term records of a stationary and representative urban catchment would permit 
hydrologists to verify current models. The data provided by the proposed design of the 
stormwater gauging system will facilitate a critical study into the effects of urbanisation on 
flow regimes needed for sustainable stormwater management. A close examination of the 
efficacy of current procedures, combined with an appraisal of site selection approaches and 
monitoring parameters, permits the determination of the optimal design for a stormwater 
gauging system for the selected site.  
 
The proposed gauging station is located within the Shea’s Creek and Alexandria Canal 
Catchment. The design takes advantage of technological advancements in streamflow 
measurement which have created safer ways to measure extreme flood events. Quantifying 
uncertainty and cost analysis provide valuable understanding for design and decision making. 
The proposed design integrates different measurement methods to reconcile the shortcomings 
of each field strategy to ensure accurate records for the full span of flow conditions. The design 
intends to reduce the scope of uncertainty to the extent required for research purposes and thus 
augment evidence-based stormwater planning and policy. 
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Evaluating the Field Performance of Permeable Interlocking Pavement System (PICPs) 
- (12cp) 
Nam Phuong Trinh Nguyen - A19-315 
 
Supervisor   Associate Professor Jaya Kandasamy 
Major:  Civil Engineering Major  
 
The increase in runoff by the impervious cover is responded to rainfall events, which can 
produce damaging influences such as flooding, erosion, pollutants caused by debris, etc. 
According to Shackel (2010), mainstream overflow is mainly produced by pavements that 
increase the volumes and velocities of stormwater runoff (20 to 25% of the impervious area in 
Australia are occupied by road surfaces). Therefore, negative impacts caused by stormwater 
runoff can be decreased by reducing the amount of impervious area, targeting on modifying 
pavement surfaces.  
 
The benefits of using permeable interlocking concrete pavement systems (PICPs) have not 
translated into widespread adoption in Australia, where their uptake has been slow. There are 
currently no Australian standards for design, specification and installation of PICPs. In this 
study, field measurements were conducted to determine the infiltration capacity of PICPs in 
Sydney and Wollongong, New South Wales, applying the Single Ring Infiltrometer Test 
(SRIT) and the Stormwater Infiltration Field Test (SWIFT). The mentioned tests are developed 
and presented by Lucke et al. (2015), have been found to be quick and easy to perform. A 
correlation was found between the results of the two tests, which was similar to a relationship 
presented by Lucke et al. (2015). The effectiveness of PICPs is demonstrated by their high 
infiltration rates measured at field sites with a diverse range of conditions. The influences of 
conditions such as age of installation, slope and tree cover on infiltration rates were explored. 
 
This capstone intends to explore a range of evidences collected on the field, access and evaluate 
the actual performance of PICPs to industry professionals, particularly those in local 
government councils. 
 
 
References 
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12, pp.2542-2554,. 
 
Shackel, B. 2010, ‘The Design, Construction and Evaluation of Permeable Pavements in 
Australia’, Paper presented to 24th ARRB Conference: Celebrating 50 years of Road and 
Transport Research, Melbourne, VIC. 
 
 
Key words: Permeable Pavements, PICPs, infiltration rate, testing methods, SRIT test, SWIFT 
test, permeable paver’s age. 
 

 
 
 



Capstone Showcase 17 October 2019 

38 
 

Capacity Estimation and Behavioural Study of In-service Timber Utility Poles by Finite 
Element Analysis - (12cp) 
Wai Yan Oo - A19-305 
 
Supervisor:  Professor Jianchun Li 
Major:  Civil Engineering Major  
 
 
Timber utility poles are utilized throughout energy networks of Australia, adding up to more 
than 7 million poles currently in service and the demand for the need of those poles are 
increasing every year, representing a significant part of the country’s energy distribution as 
well as communications network. They are also traditionally used around the world as having 
relatively low costs and they are environmentally friendly. However, timber poles fail 
occasionally because of their aging and deteriorating nature. Plus, the current practice 
employed by AUSGRID when assessing the conditions of the poles induce impact from drilling 
through the cross-section of the poles, also effectively reduces the structural capacity of the 
timber poles, sometimes resulting to failure. It is noticed that the damage occurred by reducing 
the cross-sectional area of the timber pole can significantly influence the failure of the poles. 
These are however, cannot be avoided and will continue to coexist with the use of timber 
material as utility poles. 
 
This project aims to predict the remaining structural capacity of utility timber poles by using 
computer-aided finite element analysis software ANSYS under design loading. The wind load 
has been identified as main cause of failure of the poles in this research and it is defined based 
on relevant Australian standards in conjunction with Ausgrid network standards. The 
investigations from this project will assist Ausgrid engineers, practitioners and inspectors to 
give insight upon design, maintenance and assessment of the poles employed across Australia. 
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Numerical and Experimental Dynamic Analysis of Steel-Concrete Composite Bridge 
Model - (12cp) 
Jakob Kessler - A19-357 
 
Supervisor:  Professor Jianchun Li  
Major:  Civil Engineering Major  
 
Objective: 
Assist in the development of a Steel-Concrete composite bridge model and perform numerical 
and experimental analysis of the dynamic properties of the steel sub-frame. 
 
In recent years, attention has been paid to the development of civil asset condition monitoring 
techniques in response to the deterioration of road and rail infrastructure due to factors 
including insufficient maintenance, ageing, natural disasters and operational loads that exceed 
their preliminary design expectations. 
 
Presently, a wide variety of non-destructive testing methods are currently applied to identify 
damage within a structure (e.g. X-Ray, ultrasonic assessment, magnetic field methods).. These 
methods are highly effective in detection and diagnosis of structural defects, however, they are 
only capable of operating on a local-scale and require both access to the area in question, and 
prior knowledge (or suspicion) of the presence of damage. In response to this, alternative 
vibration-based damage detection methods are being developed to identify, localize and 
characterize the scale of damage to a structure. 
 
The application of steel-concrete composite structures for bridges has become increasingly 
popular around the world as they combine the advantages offered by the two materials to 
provide spans that are efficient and cost-effective span relative to steel or concrete-only 
arrangements.  
 
In order to further investigate damage detection methods in composite structures, a Steel-
Concrete Composite Bridge model is being developed within the UTS Tech Lab with 
removeable shear keys to simulate the presence of damage within the structure as a result of 
shear failure. 
 
The purpose of this Capstone project is to participate in the overall development of the bridge 
and provide insight on the type and arrangement of sensors within the structure for the purpose 
of future testing. The Capstone project will then investigate, numerically and experimentally, 
the dynamic properties of the bridge model through experimental modal analysis and Finite 
Element modelling with ANSYS. 
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Applying Natural Structural Hierarch7 into Column Design - (12cp) 
Simeon Cavens - A19-271 
 
Supervisor: Professor Jianchun Li  
Major:  Civil Engineering Major 
 
Objective: 
The need for innovation in structural innovation addressed via natural structural hierarchy 
 
Einstein is quoted as saying, ‘Look deep into nature, and then you will understand everything 
better’ (Buldeo, Suchard & Esser 2012, p. 278). From the simplicity of observing a bird in 
flight or the translucence of a leaf and its ability to absorb sunlight, to the geometry of the 
honeycomb, archway, or pure carbon formations, the ways that we as humans have required 
the intricacy of biomimicry for innovations in our built environment are extensive. Biomimicry 
is defined as innovation through the emulation of biological forms, processes, patterns, and 
systems (Kennedy & Marting 2016, p. 40). An inherent connection to innovation is present, 
and therefore its application often permits a substantial advancement in the respective industry.  
 
This project stems from an observation of the need for innovation in column design and thus 
calls on nature for such guidance and delves into observations of the manners in which nature 
utilizes geometry to attain inherent strength. Through these observations, the concept of natural 
structural hierarchy is established as a common and significant attribute to strong natural 
materials or organisms. The key aspects of integration into this project’s column design centre 
around the effectiveness of natural structural hierarchy. Various organisms can be isolated as 
having a high resultant compressive strength due to their natural structural hierarchy. Through 
this project, the ones focused on for integration into column design include the nacreous layer 
of the abalone, core of the hornbill beak, horse’s hoof and cellulose structure of timber.  
 
Computer modelling via ANSYS provides comparative results for this project’s column design 
to conventional concrete column design. The relationship and interaction of the components of 
the new column design can also be observed and establish a sound basis for future 
optimisations. Aspects considering the economic viability and practical constructability are 
also briefly explored within this project, yet their real-world significance warrants further 
research into a geometry centric column design philosophy as this project proposes. 
  



Capstone Showcase 17 October 2019 

41 
 

Bridge and road construction with UHPC - (12cp) 
Jeong Sin - A19-312 
 
Supervisor:  Dr Jun Li 
Major:  Civil Engineering Major  
 
 
Conventional concrete is highly regarded as one of the most significant construction materials 
in the world and is used in almost everything from bridges to commercial buildings  In many 
concrete structures, bridges connect the networks of transportation and the number of users is 
increasing over time.  
 
However, 150,750 conventional concrete bridges have been exposed to danger of functional 
defects such as visible and severe cracks on the girders and damaged decks in the United States. 
Also, more than 10 billion tons of concrete including 2 billion tons of Portland cement emits 
considerable amount of Carbon Dioxide (CO2). In order to remedy the normal concrete’ 
shortcomings such as low tensile strength and high permeability, UHPC was created with 
upgraded mechanical properties. The mix design of UHPC is varied and components are 
slightly different from each other. UHPC is normally mixed with diverse types of fibres 
including steel and polymers without reinforced bars. Depending on the type of bridge part or 
purpose, which includes many types of girder, field cast joints, layers for damages reinforced 
concrete on bridge deck and concrete crash barrier wall with around 48% of reduced volume 
and weight of structures, UHPC can be pre-casted in a plant or casted on construction site.  
 
This project aims to study performance of UHPC, the application of UHPC in bridge 
construction. Also, it focuses on the social, environmental, economic and technical issues and 
solutions. Finally, the comparison of mechanical property and mechanical property test review 
with regards to three different types of steel fibre which are Waved steel Fibres (WF), Twisted 
steel Fibres (TF) and Micro straight steel Fibre (MF) by a number of literature reviews are 
examined. 
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Commuter Boarding Patterns Across the Sydney Trains Network and their Impacts - 
(12cp) 
Morgan James Lee - A19-228 
 
Supervisor:  Dr Kasun De Silva Wijayaratna 
Major:  Civil Engineering Major  
 
Objective: 
An empirical investigation into the passenger-service interface at numerous locations and how 
various factors can influence the perceived reliability and convenience of the network. 
 
The Sydney Trains network is a constantly evolving system that is increasingly facing the 
pressure of increased demands and congestion. Within the last two years alone, rail patronage 
in Sydney has grown approximately 10.8% with 34.5 million trips made in August 2019 alone. 
This research study aims to understand the impacts of this growth on passenger behaviour 
during the passenger-service interface (i.e. boarding/alighting of the train) and what strategies 
can be developed to optimise train boarding procedures.  
 
The study conducted a detailed literature review which focused on the four contributing factors 
of the passenger-service interface; passenger arrival rate, dwell time, headway and passenger 
boarding behaviour. Observational peak period surveys were conducted at 5 Sydney Trains 
suburban stations to gather empirical data related to platform demand, dwell times, service 
timetables and also to monitor overall passenger behaviour. The analysis of the survey revealed 
that the distribution of passenger arrivals was heavily weighted towards the final minutes 
before the scheduled arrival of each service, even at short headways. This led to increased 
crowding of platforms and where an above average commuter load was recorded, the survey 
concluded that the dwell time was on average 6 seconds longer than below average loads. 
Furthermore, it was determined that out of the 116 services observed, only 67% were on-time, 
significantly lower than Sydney Trains expectation of 92%. 
 
Through the implementation of strategies such as providing real-time data to passengers, crowd 
controlling techniques or the modification of service patterns, both static and dynamic solutions 
may be utilised during the passenger-service interface across Sydney Trains stations to ease 
platform congestion and improve overall efficiency. 
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Investigation into Using Drones for Site Inspections - (12cp) 
Benjamin Hesse - A19-264 
 
Supervisor:  Dr Michael Behrens  
Major:  Civil Engineering Major  
 
 
The NSW Government has recently conducted and inquiry into the effectiveness of inspections 
being conducted on construction sites as a consequence of both ‘Opal Tower’ and ‘Mascot 
Towers’. It raises questions surrounding the validity of the current process and further pushes 
the need for a new reliable verification system to be explored, a view supported by my 
experiences of recurring problems during site inspections in my own professional engineering 
experience. 
 
This project investigates the application Unmanned Aerial Vehicles (drones), alongside 
photogrammetry to create 3D models that will increase the efficiency, reliability, and 
communication of site inspections. This report will focus on improving one necessary but 
critical type of inspection process; concrete slab inspections prior to the concrete pour. I was 
able to partner with ‘SRG Global’ who are a post-tensioning sub-contractor and with 
‘Hoverscape’ who are a drone service company specialising in creating high-quality 3D 
models. 
 
I was given the unique opportunity to bring together two unlikely companies under my research 
project to solve this current need. Together we were able to execute two drone flight 
experiments that identified the capabilities of current commercially used drones and 3D 
modelling software to achieve this type of detailed structural inspection process. This project 
involved working alongside the construction company ‘Billbergia’ who gave me access to one 
of their current high-rise apartment sites and gather data in a real-life industry scenario. 
 
Engineers Australia has made a statement that there needs to be a change in the construction 
sector to ensure these building disasters are not repeated. The results from my investigation 
have identified several challenges that limit the goal of immediate industry implementation. 
However, this idea and initial data gathered demonstrates huge potential as a viable solution 
once these technical challenges are overcome in the very near future. 
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Abrasion Testing of Materials in Contact with Slurry - (12cp) 
Natasha Maimbo - A19-243 
 
Supervisor:  Dr Michael Behrens 
Major:  Mechanical Engineering Major   
 
Objective: 
To determine which material out of different types of TPU and PU is the most abrasion resistant 
to the action of slurry, for intergration into an industrial slurry conveyor system.  
 
When mining, it is necessary to transport mined ore from the pit to the processing plant, and 
between processes efficiently. Often this is done by creating a water and ore mixture or slurry, 
then conveying it via pipeline either naturally (with gravity) or by force (pumping). However, 
the slurry compound is highly abrasive to the machinery used to carry it, leading to decreased 
system life, increased operation costs, and safety hazards to those nearby in the case of failure.   
 
Thus, during the development of a new slurry transportation system, it is necessary to 
determine which material is the most slurry abrasion resistant, thus which material to specify 
for manufacture. Although standard testing methods like the drum abrasion test exist to 
measure a material’s performance few involve slurry. Furthermore, although current industry 
practices point to which material may be the most abrasion resistant, this does not account for 
the expected manufacturing method of the final system; 3D printing which affects the material 
properties and potentially the abrasion performance.       
 
To obtain these results, a test rig simulating the expected slurry motion and applying parameters 
within the real system such as slurry speed (5m/s) and composition, was designed and 
manufactured. Equally, material samples varying only in composition were produced. Post rig 
manufacture, the samples will be weighed and photographed before and after testing, providing 
visual and quantitative descriptions of the sample’s change in mass and appearance. The 
material with the least changes after 3 tests will be deemed the most abrasion resistant and 
recommended for use in the industrial system. Note that other recommendations such as 
increasing the thickness of one material to match the life of another may also be specified 
depending on other factors such as material availability and cost. 
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The Role of Engineers in Addressing Sdg 13: Climate Action - (12cp) 
Aleksandar Marjanovic - A19-273 
 
Supervisor:  Dr Nic Surawski 
Major:  Civil Engineering Major  
 
Objective: 
To identify the role that engineers play in supporting the achievement of Sustainable 
Development Goal (SDG) #13: Climate Action in Australia, using the construction industry as 
a focal point. 
 
Climate change is a serious, global issue that has gained much recognition since the release of 
the United Nations (UN) Sustainable Development Goals (SDG) in 2015. With 11 years left to 
the 2030 deadline, there has been a sense of urgency in achieving these goals. SDG 13: Climate 
Action requires urgent action to combat the changing climate and its impacts. Engineers are 
able to support SDG 13 through skillsets that can contribute to both climate change adaptation 
and mitigation. 
 
The project aims to establish the roles engineers can play in achieving SDG 13 and to identify 
the extent to which engineers are already contributing to SDG 13 or any barriers that are 
preventing engineers from fulfilling this role. Three key groups and stakeholders were 
identified and broken down into separate components. These groups were the Tertiary 
Education Sector where students learn about engineering, Public Sector bodies i.e. Local 
Councils and Government, and Private Sector engineering companies that are involved in the 
Australian construction industry. Interviews were conducted on the three identified groups. The 
interviews addressed participants perceptions of their respective industries perspective on 
climate action, awareness of the issue, current actions to address climate action and solutions 
for climate change. 
 
Results from this study will provide a basis for potential policy recommendations and future 
research agendas for engineering bodies. 
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The role of Engineers in addressing SDG 13: Climate Action – with a focus on the 
Australian Transportation Industry - (12cp) 
Panju Nachiappan - A19-188 
 
Supervisor:  Dr Nic Surawski 
Major:  Civil Engineering Major  
 
Objective: 
To find out how and where engineers can support the achievement of Sustainable Development 
Goal (SDG) 13: Climate Action in Australia using the Transportation Industry as a focal point. 
 
Various world leaders got together to form a global climate agreement under the United 
Nations Framework Convention on Climate Change (UNFCCC) at the 21st Conference of the 
Parties (COP21), which was held in late 2015 in Paris. As a result of the discussion, the ‘Paris 
Agreement’ came into effect in late 2016; the Agreement consists of 17 SDGs which were 
created as targets to achieve to build a better world for the planet and its people by 2030. One 
of these goals is SDG 13 – Climate Action, which aims to take urgent action to combat climate 
change and its impacts. It is considered a critical goal due to its ability to influence the 
achievement of all the other SDGs.  
 
The project will aim to get an understanding of the current Australian perspective by 
identifying and investigating the processes in place regarding Climate Action and their 
adequacy in satisfying the conditions of SDG 13 by 2030. The areas that are explored were 
broken down into three primary components: the tertiary education system in place for students 
to become Engineers, the public sector bodies i.e. local Councils and other Government 
organisations (e.g. RMS), and the private sector Engineering firms which have a focus on 
sustainability and / or the transportation industry. The main methods that were used to address 
these areas involve conducting interviews with the relevant professionals in the field and their 
viewpoint about Climate Action, and reviewing various literature (e.g. scholarly papers, peer 
reviewed articles). 
 
Results from this investigation can be used to inform Australian Engineers (and other 
concerned parties) on how and where they can support the achievement of SDG 13: Climate 
Action. 
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Investigation of Hazards and the Further Development of Safe Attachments to Helmets 
(12cp) 
Sean Ensor – A19-082 
 
Supervisor:  Professor Nong Zhang 
Major:  Mechanical Engineering Major  
 
 
Motorcyclists are increasingly modifying their helmets to attach accessories to benefit 
themselves in a multitude of ways. This project aims to investigate the potential negative 
effects the increasing use of attachments onto helmets such as cameras have, and intend to 
develop a new system of mounting attachments onto them with regard to the user’s safety in 
event of a collision. 
 
At present the use of attachments has been the source of contentious debate in communities 
where user safety is paramount, and has been cited as a main contributor to life altering 
injuries sustained by athletes in high profile accidents.  
 
This is believed to be through a torque provided onto the neck of the user by an attachment, 
or through altering the impact dispersion properties of the helmet during a collision. 
Furthermore, usage of such attachments by motorcyclists exists in a grey area of the law 
whereby they are not directly governed by the AS/NZS 1698 standard required for helmet 
usage in Australia. 
 
Through an investigation of the risks posed to users alongside their attitudes toward the 
phenomenon, a new design of attachment was determined allowing it to disconnect in event 
of collision to mitigate against the adverse effects that a protrusion on the periphery of an 
otherwise solid, smooth and curved helmet shell has. This has wider beneficial ramifications 
to individuals worldwide as their usage increases as technology advances. 
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In Situ Measurements of Biofilters in Open-Air Motorways - (12cp) 
Michael Pham - A19-196 
 
Supervisor:  Dr Peter Irga 
Major:  Civil Engineering Major  
 
 
Urbanisation to meet the demands of the growing population brings forth the densification to 
air pollution. There has been extensive research of the potential of phytoremediation, primarily 
limited to laboratory studies with few in situ studies undertaken. This study aims to be the pilot 
for the potential of active breathing green walls to reduce the concentrations of NO2, O3, & 
PM2.5 in open-air motorways. 
 
Breathing green walls were installed adjacent to a real-life motorway (Eastern Distributor, 
Sydney) with air monitoring units installed inside the breathing wall plenums, on the upstream 
and downstream sides of the wall. The concentrations of NO2, O3, & PM2.5 were monitored 
over the trial period from 27/06/19 to 13/08/19 with fans on a fixed periodic cycle that turned 
on from 6:00AM to 6:00PM. Due to site-specific aspects such as weather, traffic volume, and 
wind, there was considerable variability in the ambient concentration of air pollutants. Water 
reticulation systems to maintain the substrate moisture and long sampling periods were control 
measures to reduce variability.  
 
Due to short-term temporal variability, average pollutant concentrations over 5-minute period 
were collected and compared. Comparisons between the control sensors and the plenum 
sensors & the upstream and downstream data of the green wall. Our finding suggests that green 
walls were effective at removing ozone from the ambient air at noon (average removal 
efficiency when the fans were in operation of 70.0%). The particulate matter 2.5 μm (average 
removal efficiency when the fans were in operation of 26.9%) had an opportunity for 
optimisation with plant of differing body composition. Nitrogen dioxide removal was not seen 
from the green wall but there are future improvements in the modification of the substrate 
material and addition of activated carbons that can enhance the removal efficiency that may 
have come from the nitrification of the subtrate material. 
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Efficiency Evaluation and Pretreatment Combination of Anaerobic Digestion - (12cp) 
Yunqing Bai - A19-197 
 
Supervisor:  Dr Qilin Wang  
Major:  Civil Engineering Major  
 
Objective: 
Efficiency evaluation and pretreatment combination of anaerobic digestion 
 
From the present situation of sludge disposal in developed countries, land use will be the 
development trend in the future, and sludge anaerobic digestion technology will be widely used 
in the future. Sludge anaerobic digestion and pretreatment technology are inseparable. 
Therefore, the research and development of efficient and reasonable sludge anaerobic digestion 
pretreatment technology is one of the development directions of sludge anaerobic digestion.  
The purpose of the research is to treat the sludge through a variety of pretreatment methods, 
which can effectively promote the dissolution of organic matter, increase the biodegradability 
of sludge, promote the occurrence of hydrolysis and shorten the residence time of sludge 
anaerobic digestion. This paper introduces the research suggestions of sludge anaerobic 
digestion efficiency and sludge pretreatment technology in sludge treatment. The focus of the 
study is to find a suitable sludge treatment method, find an effective combination of sludge 
pretreatment, and effectively carry out anaerobic digestion. Then, the report will also introduce 
the social, economic and technical effects of the effective combination of municipal sludge 
pretreatment, as well as the need to study the efficiency of anaerobic digestion. In this paper, 
the main technologies of sludge anaerobic digestion pretreatment, including biological 
treatment, thermal hydrolysis, mechanical treatment, chemical oxidation treatment and alkali 
treatment, were compared, and the data or experimental results were compared. At present, the 
focus of the research is mainly focused on the change of sludge properties and the improvement 
of methanogenic performance after pretreatment. 
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Analysis of Timber Composites - (12cp) 
Alexander Ivanovski - A19-287 
 
Supervisor:  Dr Rijun Shrestha  
Major:  Civil Engineering Major  
 
 
In recent times in the current construction industry there has been a boom in the demand for 
construction works, particularly in medium to high rise buildings, and with the use of 
traditional construction methods such as reinforced concrete, this rise in demand has put 
increased pressure on the concrete and steel industry. Unfortunately, these traditional 
construction materials are produced from non-renewable resources and their production 
processes have a large impact on the environment due to high CO2 emissions. With the 
construction industry and global urbanization not exactly slowing down the demand for 
effective alternative construction materials is rising.  
 
An alternative construction material for application in medium to high rise buildings is various 
timber-composite materials. These timber-materials can reduce the amount of the traditional 
construction materials being used which will significantly reduce the overall environmental 
impact of the structure without sacrificing any of the structural capacity that traditional 
reinforced concrete offers. In addition to the environmental and structural benefits of using 
timber-composite materials, these materials have the potential of reducing overall costs of the 
structure, with in modern day construction particularly in medium to high rise construction any 
minor cost saving on material can end up being a large saving with the amount of material that 
is required. However, these benefits may be offset by the factor of constructability of these 
timber-composite materials, especially in Australia where there has been a lack of 
implementation of these types of materials which may cause builders and clients to shy away 
from using such materials.  
 
This research project will analyse timber composite materials and evaluate them based on the 
parameters of strength and serviceability, cost, constructability and environmental impact. 
These analysed results will then be compared to the traditional construction material of 
reinforced concrete and it’s results in the same parameters. The Objective of this capstone is 
to evaluate the practicality of the implementation of these timber-composite materials in the 
Australian construction industry particularly based on the minimum requirements to satisfy the 
relevant Australian standards for the aforementioned parameters. 
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Comparison of Different Tunnels, In Terms of Structural And Constructional Aspects 
According To National And International Guidelines - (12cp) 
Dane Naiker – 11402652  
 
Supervisor:  Associate Professor Shami Nejadi 
Major:  Civil Engineering Major 
 
 
Tunnels are pivotal to a country and allow for commercial and residential properties to 
remain intact whilst facilitating the movement of people and resources in a quicker manner. 
For centuries, tunnels have been aiding countries by reducing traffic from local roads and 
providing a more direct and convenient route for trains, motorists and pedestrians. Whether 
buried deep in the earth, piercing through mountainous terrain or diving beneath water, 
tunnels are engineered and constructed by huge teams of dedicated engineers, specialised 
labourers and support staff of all faculties. These teams are responsible for ensuring that each 
tunnel is designed and constructed to their respective national standards and meets all 
specified requirements. Due to the nature of this work, these teams will encounter a multitude 
of obstacles that will need to be considered and managed in an effective and economical way. 
Each tunnel will pose different difficulties and will require innovative structural designs and 
revolutionary construction methods. 
 
Through a synthesized analysis, a comprehensive understanding will be pursued through a 
comparative study between the M5 East Tunnel in Sydney, Australia and The Gotthard Base 
Tunnel in Switzerland. To attain an understanding, this study will explore both the structural 
designs of each tunnel and construction methodology undertaken to introduce these tunnels 
into their respective infrastructure networks. A close examination of the national standards, 
each tunnel was built in accordance with, will also be researched to showcase the individual 
requirements of each country; in regard to tunnel design and construction. 
 
To conduct a thorough analysis and ensure a detailed understanding is attained, it is practicable 
to undertake a comparison between tunnels of different purpose, location, environment, 
structural design, construction methodology and the specified national codes and standards that 
these tunnels were built in accordance to. The M5 East Tunnel in Sydney, Australia and the 
Gotthard Base Tunnel in Switzerland prove as domineering examples of innovative 
engineering and are of high importance within their respective countries; standing out as perfect 
candidates for this analysis.  
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A Comprehensive Guide to the Design and Construction of industrial Warehouse Floors 
- (12cp) 
George Tannous - A19-298 
 
Supervisor:  Professor Vute Sirivivatnanon 
Major:  Civil Engineering Major  
 
Objective: 
How to most affectively design and construct industrial floors.  
 
 
With Australia’s industrial industry growing, there is a larger demand for industrial warehouses 
but more specifically, industrial warehouse floors that meet their growing expectations. 
Expanding greater than 100,000 square meters and reaching above 40 meters high, the 
magnitude of these projects extends beyond typical developments. The Australian industry of 
designing and developing Industrial Warehouse Floors is lacking the guidance and expertise of 
a wholistic guide to completing essential processes that should be applied throughout the 
conception and development phases of industrial warehouse floors. 
 
With a specific focus on slabs on ground; the most commonly used type of industrial floors 
that is currently being constructed as well as the addition of steel fiber reinforcement, this guide 
will outline the best methods for the creation of industrial warehouse floors. Through insight 
into processes that should be conducted during preparation works and joint design 
requirements, this guide will limit chances of possible uncontrolled cracking whilst providing 
a floor that is fit for purpose. This guide will provide insight into specific design requirements 
that should be met that are not indicated within Australian Standards and many other 
international standards.  
 
This guide discusses processes that should be done on site to ensure the best possible product 
is produced as well as vigorous testing requirements that industrial floors should pass in order 
to be fit for purpose. With an in depth analysis of the use of Steel Fiber Reinforcement within 
industrial floors, it will endeavor to evaluate its utilization within the industry and its affects 
on the different properties industrial floors are required to uphold. The rigorous conditions that 
industrial floors are subjected too, requires attention that this report will cover in depth. With 
a focus on; preparation works, concrete, joints and testing requirements, an industrial floor can 
be constructed to meet the requirements imposed by the specific purpose of that floor. 
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Recyclable and Waste Materials in Asphalt - (12cp) 
Anthony Daskalopoulos - A19-222 
 
Supervisor:  Dr Wengui Li  
Major:  Civil Engineering Major  
 
Objective: 
Introducing recyclable materials into Asphalt 
 
With the increasing development of the construction industry, and the need to build flexible 
pavements throughout Australia, the implementation of recyclable and waste materials into the 
designs is ever-growingly important. This is a pressing issue, as in the interim plastic 
production and waste disposal is at an all-time high, with much of this plastic being dumped 
into landfill or littered amongst natural environmental habitats. Simultaneously, the amount of 
glass in circulation is increasing and although most of it is recycled, the amount that is being 
produced outweighs the amount that is being recycled.  
 
The challenge confronting the nation is that although these materials are being produced, if 
they are not managed and recycled adequately, it can lead to the eventual destruction of flora 
and fauna ecosystems. Currently, only fractions of plastic and glass are recycled, and even 
smaller percentages are recycled in Asphaltic Concrete. With an industry that is continuously 
operating, incorporating these waste materials into the design will ensure greater longevity on 
the Earth’s environment, as well as limit the use of virgin materials, and the impacts this causes 
from quarrying.  
 
The scope of this thesis will examine previous plastic and glass incorporated asphalt mixes and 
the structural characteristics of each design. It will analyse current national Roads and Maritime 
Services specifications as well as promoting diagnostic research into revised guidelines that 
will enhance the road longevity and drive quality for stakeholders. By drawing upon successful 
past projects, a recycled asphalt mix design will be batched and the structural integrity tested. 
In conjunction, the report aims to enlighten researches on the importance of developing 
sustainable construction and asphalting processes to ease the ramifications of glass and plastic 
disposal. 
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Viability of Utilising Sydney's Stormwater Run-Off - (12cp) 
Joshua Glanville - A19-069 
 
Supervisor: Dr Wenshan Guo  
Major:  Civil and Environmental Engineering Major 
 
Objective: 
To reduce demand placed on Warragamba Dam for Sydney's water supply 
 
Sydney’s Warragamba Dam has dropped in volume by 17.1% over the past year. To ensure 
Sydney has a stable water supply in future, an alternative water supply needs to be found and 
utilised. Sydney’s stormwater is currently an untapped resource that has the potential to aid the 
city’s potable water supply that will continue to be strained as the population of the city 
continues to increase alongside the advent of reduced rainfall a possible regular occurrence.  
 
This research project explores Sydney’s stormwater with an emphasis on stormwater that flows 
into the Sydney Harbour catchment area. The project will involve research into how stormwater 
is treated and re-used throughout Australia, whilst considering how Sydney’s stormwater is 
managed with relevant policies and regulations explored and dissected.  
 
The main body of the research project revolves around a case study of the Lane Cove River. 
Water samples were collected at the influent and effluent points of two stormwater treatment 
devices currently in use, over a period of 5 months in order to undertake an analysis and 
evaluation of current stormwater treatment in Sydney. 
 
Through the research project, recommendations and future improvements were able to be 
identified: introduction of new legislation regarding stormwater management in Australia, 
ownership of all stormwater discharge points into main river networks are to be handed over 
to WaterNSW, stormwater levy to be introduced throughout Sydney, all ovals throughout the 
Lane Cove River catchment area are to utilise stormwater harvesting devices, all properties 
throughout NSW are to manage stormwater leaving their boundaries more effectively, whilst 
further research is required into how to treat ammonia and phosphorous more effectively. 
 
The research project has identified ways in which Sydney can reduce the demand placed on 
Warragamba Dam for a consistent water supply. The impact of population growth that will 
eventuate along with the consistent threat of water supply diminishing due to periods of low 
rainfall will be reduced through implementation of the recommendations and future 
improvements stipulated through this research report. 
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Smart Steel-Concrete Composite Connections for Monitoring and Strengthening 
Building Structures - (12cp) 
Darius Petraccaro - A19-293 
 
Supervisor:  Dr Xinqun Zhu 
Major:  Civil Engineering Major  
 
Objective: 
Strengthening and Structural health monitoring for Composite steel-concrete connections. 
 
The nation-wide infrastructure productivity has resulted in the necessity for safer and more 
reliable designs for building structures in Australia. Considering that steel composite elements 
in structures are now becoming popularized in design, the connections between these 
composite elements and singular material elements is an important factor in determining the 
capacities and moreover the utilization of composite elements in building structures. 
 
Research was done into possible strengthening and monitoring solutions for the connections of 
composite elements to singular material elements. Further, included in my research is a model 
of a connection of a concrete filled SHS connected to a UB200 cantilever, showing the stresses 
are highest at the end plate and shear connectors, reflecting the need to strengthen the 
connections and monitor over time for fatigue. 
 
A validation of this model and afterwards a parametric study reflects possible solutions include 
optimize the design changes to the structure was necessary to improve and optimize design. 
This involved changing shear stud size or adding a plate on the flange of the UB200 providing 
higher capacities and a greater distribution of stress and placing strain gauges to monitor 
fatigue. 
 
The connections of these structural elements are important to consider when designing for 
building structures, my research provides possible solutions and design additions to strengthen 
and monitor these elements. The results of my research provide possible design solutions for 
the connections to distribute stress and increase capacities, moreover to monitor them 
effectively throughout the design life. 
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Liquid-Phase Hydrogen Carriers - For integrating renewables with end users - (12cp) 
Earl Carroll - A19-283 
 
Supervisor:  Dr Zhenguo Huang  
Major:  Civil Engineering Major  
 
 
The world is facing huge challenges in its transition in energy production and storage, away 
from fossil fuels to an effective alternative with renewable energy. Hydrogen is seen as a viable 
replacement with the advantages of being sustainable, high energy density capacity by weight 
and is recognised as one of the best media for transferring renewable energy from point-of-
production to point-of-consumption across long distances and time. However conventional 
methods of hydrogen storage and transport require large energy inputs and hydrogen has the 
inherent problem of having a low energy density capacity by volume. Liquid-Phase hydrogen 
carriers is seen as a solution that could resolve these issues and promote the uptake of hydrogen 
as a viable energy pathway.  
 
There are many variants of Liquid-phase hydrogen carriers (LPHC), however this project will 
be focusing on the compound dibenzyltoluene (DBT). LPHC can be characterized by its ability 
to store hydrogen in a liquid form at ambient conditions whilst remaining stable, non-toxic and 
safe. LPHC is a liquid compound that is able to be reversibly and chemically bonded with 
hydrogen through a catalytic process known as hydrogenation and dehydrogenation. DBT as a 
hydrogen carrier is very promising as it is a liquid commodity that is compatible with existing 
infrastructure. Its liquid nature and handleability makes it a prime candidate for energy export 
opportunities, for instance between Australia and Japan.  
 
The aim of this project is to address the LPHC technology’s viability, with a focus in Australia, 
through a comprehensive literature review as well as obtaining first-hand data through 
interviewing existing and potential stakeholders whilst also participating in a research 
commercialisation workshop called ON Prime run by the CSIRO. These three approaches of 
analysis will help determine LPHC’s viability from technical, economic and social 
perspectives. 
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Skin Lesion Tracking (SkinSaver) - (12cp) 
Benjamin Franzi - S18-273 
 
Supervisor:  Dr Eva Cheng  
Major:  ICT Engineering Major  
 
Objective: 
To improve access to skin lesion detection through machine learning on a mobile/cloud-
based platform 
 
Skin lesions can become a major issue if left undiagnosed. Self-diagnosis is difficult if 
individuals are not aware of various types of skin lesions. Early diagnoses of skin lesions, such 
as cancer, can significantly improve the effectiveness of treatment. Providing a better means to 
accomplish this diagnosis would allow for early intervention, drastically reducing the risk. This 
capstone aims to provide a means of accurate self-diagnosis. The capstone will provide the 
ability to monitor ongoing skin lesions and review the progression over time. This tracking will 
provide insights into the condition of the lesion and additional information on specific skin 
legions.     
  
This capstone has been practically implemented through the development of a mobile 
application. This mobile application will be supported by a custom designed cloud-based 
solution that will provide the necessary endpoints to facilitate the mobile applications use. The 
capstone will provide a means to self-diagnose skin lesions using highly available technologies 
such as smart phone cameras. A particular focus on the security of the application has been 
taken to ensure that the data collected through the application will be kept private. 
  
The work for this capstone is being completed for SkinSaver, a UTS startup company that 
focuses on self-diagnostic tools for skin-based ailments. The prototype produced from this 
project will be released through their channels and available to the public. The results will be 
measured through testing of the application and then subsequently, the use of the application 
by the general public. The capstone will provide a means to monitor the progression of skin 
lesion to improve awareness of these conditions. It will implement the latest mobile and 
cloud-based technologies to achieve this goal. The prototype will be publicly available at the 
end of the capstone period 
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Predicting the Structural Progression of Knee Osteoarthritis: Development of a Clinical 
Tool for Use in Preliminary Consultations - (12cp) 
Meg Stockwell - A19-282 
 
Supervisor:  Professor Joanne Tipper 
Major:  Biomedical Engineering Major  
 
Objective:  
The development of a predictive tool to identify patients at risk of rapid progression of 
knee osteoarthritis. 
 
Osteoarthritis (OA) is a chronic and degenerative disease which affects approximately 9% of 
the Australian population, most commonly in the knee joint. With the current practice of 
management there is no clinical tool available to help predict the progression of knee OA and 
as such, there is uncertainty about how quickly patients progress to the point when surgery is 
the only appropriate option.  This study aims to identify risk factors associated with the 
progression of knee OA and develop a predictive tool which can estimate the likelihood of this 
progression for a given patient within an 8-year period.  
 
Publicly available data was obtained from The Osteoarthritis Initiative (OAI), a 10-year multi-
centre observational study of 4,976 subjects with various stages of knee OA. Subjects were 
included if they had a baseline Kellgren & Lawrence (KL) grade of 1, KL grade of 2 or KL 
grade of 0 with a Joint Space Width (JSW) < 3mm, indicating the early stages of knee OA. 
They were then evaluated for risk factors relating to their time to progress to KL grade 3 or 4, 
the stages when surgery is generally considered.   
 
The database was reduced to 3,711 knees from 2,498 patients, with 61% of these being female 
and the mean age being 61.2 years.  Across the cohort, only 526 (14%) of the knees progressed 
to KL grade 3 of 4 within 8 years. While some risk factors such as gender and race were found 
to be associated with OA incidence in previous studies, they showed little significance in 
relation to the rate of structural progression in the present study. Other factors such as hip 
fractures, osteophytes and patient-reported outcome measures were shown to have strong 
associations with rate of structural progression, demonstrating their potential for inclusion in a 
predictive clinical tool. 
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Building a Polymerase Chain Reaction (PCR) Machine for Humanitarian Engineering - 
(12cp) 
Chloe Panagiotopoulos - A19-003 
 
Supervisor:  Dr Nham Tran 
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
Accessibility to PCR technology in low-income and remote regions. 
 
Innovations in polymerase chain reaction (PCR) technologies and applications has made PCR 
more widely accessible and affordable in developed nations. The focus has now shifted to 
establish PCR laboratories and thermocycler machines in low-income regions of the world. 
Thermocyclers are devices which facilitate the rapid temperature cycling of the PCR reaction 
and its components vary according to the type of PCR performed in the device. Most 
commercial PCR machines comprise of a heated lid, heated well block, and a PID controller. 
In low-income countries and in remote areas, DNA samples are transported across continents 
for amplification and detection. This is not a viable option as DNA can degrade and transport 
costs can be prohibitive. 
 
Quantitative polymerase chain reaction (qPCR) thermocyclers are preferred as the detection of 
the product is measured in real-time compared to standard PCR which requires a separate 
equipment to confirm successful DNA amplification. Current barriers to these qPCR devices 
include cost, portability, maintenance/ servicing and usability.  
 
This project encompasses design and development of a qPCR device for use in humanitarian 
engineering initiatives in low-income regions. The design of the device considers the current 
barriers to entry as major influences in the design choices of the thermocycler. 
 
The proposed device provides a solution to the on-site use of qPCR technology in endemic, 
developing countries areas where a high, infectious disease burden is compounded by the lack 
of diagnostic tools due to sub-standard laboratory infrastructure and cost. As a result, the use 
of qPCR for point of care testing is critical in problem areas where no solution has been 
available. The design focuses on providing qPCR capabilities at a fraction of the cost of 
industry machines which tend to cost upwards of ten-thousand dollars. These low-cost devices 
will empower local communities to monitor health and the well-being of patients. 
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Development of Bone-on-chip Space Module for the International Space Station - (12cp) 
Chelsea Ly - A19-265 
 
Supervisor:  Dr Joshua Chou 
Major:  Biomedical Engineering Major 
 
Objective: 
Developing an in-vitro model of the bone matrix to understand cell interactions during 
the process of bone remodeling.  
 
The dynamic process of bone remodeling is based on the equilibrium between bone 
reabsorption and formation. This physiological process responds to the changing mechanical 
pressures and impact placed on joints and bones; however, over time the process is disrupted 
and creates a reliance on clinical intervention since physiological healing fails. Bone diseases 
such as osteoporosis and arthritis impact 66% of Australians over the age of 50. It is the 
complexity of the bone remodeling process that creates the difficulty of designing a viable 
model to study it in an in-vitro environment. The bone environment has be previously 
attempted by co-culturing bone cells within a well or a rigid single flow channel; nevertheless 
previous attempts has failed to recognize and take into consideration that bone cells are highly 
mechanosensitive and the process of bone remodeling is purely regulated through 
mechanosensation of fluid shear stress. With this important factor in mind, the recent advances 
in 3D printing and microfluidics has opened new avenues to develop more complex multi-
compartment organ-on-chip devices that were previously impossible to create. By creating a 
3D structure that mimics the in-vitro setting of bone cells, it allows a greater understanding 
into the biological process and cell interactions that occur during the process of bone 
remodeling. Therefore, opening up the ability to create more effective therapies to treat and 
possibly reverse the effects of bone diseases that are prevalent in today’s aging society. 
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Development of Bone-on-chip Space Module for the International Space Station - (12cp) 
Jessica Domingo - A19-184 
 
Supervisor:  Dr Joshua Chou  
Major:  Biomedical Engineering Major 
 
Objective: 
The Biotech Discovery Space Module aims to produce a system that facilitates cell and 
tissue culture experiments 
 
CubeSats have evolved from its initial use for the demonstration of technology and educational 
purposes, to proposing opportunities for real science space missions that are low cost. This has 
the potential for high performance and value regarding commercial revenue and science return. 
 
Space has a unique environment which entices researchers to uncover the physiology, growth 
and development of animals and plants under those constraints which has been a hot topic since 
the beginning of space exploration over 60 years ago. Various studies have shown evidence for 
physical changes in cell cultures as a result of the exposure to microgravity. 
 
The Biotech Discovery Space Module aims to produce a system that facilitates cell and tissue 
culture experiments autonomously within space environments for microgravity research. It will 
be Australia’s first research mission to the International Space Station and the world’s most 
advanced cell biology research. It will be tested in simulated microgravity to prepare for its 
integration onto the International Space Station (ISS).  
 
The system has been developed using a combination of CAD modelling and 3D printing. Major 
components of this system will be the microfluidic devices and a mini-fluorescent microscope. 
All of which is needed to fit within a 2U (10cm x 10cm x 20 cm) CubeSat standard container. 
 
This research as the potential to better understand various diseases such as tumours and cancers 
function in microgravity environments.  Previously, both simulated and real microgravity 
studies have suggested that this kind of environment encourages alterations in cancer cell 
proliferation, metastasis and survival. Rendering those cells to a less intrusive phenotype. 
Therefore, the development of this CubeSat based space module may encourage future studies 
in microgravity medicines. 
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Respiratory System Design - (12cp) 
Zhaodong Wu - A19-147 
 
Supervisor:  Associate Professor Steven Su 
Major:  Mechatronic Engineering Major 
 
Objective:  
Respiratory system model 
 
This project has two major targets, which can be considered as sub-research topics of electronic 
nose technology. To this end, this project is mainly divided into two sections. One of the main 
sections is to make a respiratory system, and the second half is a simple micro greenhouse 
model. 
 
The main purpose of the respiratory system is to collect data on mites in the air. This system 
records different data at different times from the time the user arrives. It allows the stepper 
motor to control the time on the timer module for data recording through a self-designed 
module. This self-designed module is designed in Solidwork and located by Makerbot to 
control the 3D printer to finish the job. At the same time, an air pump can draw air from the 
outside into the module so that the incoming air can only flow out through a pre-designed hole. 
The second section is to build a micro greenhouse that could help the plant to find out the best 
living environment of themselves. The micro greenhouse is related to many sensors such as 
carbon dioxide sensors, temperature sensors, and humidity sensors. Combining these sensors 
together could compare and find out more information about how the plants living by the users, 
especially those required to know whether the living conditions are fit for the plants that could 
apply some sort of methods to find out more valuable information. 
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Development of Predictive Models to Identify People at High Risk of Vertebral Fracture 
- (12cp) 
Jackson Knott - A19-029 
 
Supervisor:  Professor Tuan Van Nguyen  
Major:  Biomedical Engineering Major 
 
Objective:  
To accurately predict a patient’s risk of osteoporotic vertebral fracture in a clinical 
setting. 
 
Background: Osteoporosis is a common asymptomatic skeletal disease characterised by low 
bone density affecting an estimated 1.2 million Australians and poses a significant health 
burden to countries with aging populations. Research is revealing that individuals with 
osteoporotic vertebral fractures have an increased risk of premature mortality. Moreover, due 
to their asymptomatic nature, vertebral fractures often occur silently without any clinical signs 
or symptoms leading to their underestimation and underdiagnosis. Therefore, identification of 
individuals at high risk of vertebral fracture is of paramount importance. 
 
Aim: The primary aim of this study is to identify risk factors that are associated with vertebral 
fracture. The second aim of the study is to develop a predictive model that utilises common 
risk factors for the individualised assessment of vertebral fracture risk.  
 
Methods: This study was based on the Dubbo Osteoporosis Epidemiology Study (DOES), a 
longitudinal population-based study, which was initiated in 1989 and followed more than 3500 
men and women aged 60 years and older for up to 20 years. Bone mineral density was measured 
by DXA (GE Lunar) and clinical vertebral fracture was ascertained by X-ray report. Baseline 
data has been ascertained over the study period which includes anthropometric, lifestyle factors 
and clinical history information regarding prior fractures, falls and comorbidities. The 
association between vertebral fracture and mortality, and risk factors and vertebral fracture will 
be investigated by logistic regression analysis. Using Cox’s proportional hazards models, the 
covariate adjusted risk for vertebral fracture according to height loss, lumbar spine BMD 
(lsbmd), age and sex at different time points.  
 
Results: For men and women, the overall incidence of vertebral fracture was 12.8% and 7.4% 
respectively. There was a statistically significant association between vertebral fracture and 
death. Compared to no fracture, mortality was increased by 2.49-fold (95% CI, 1.99-3.12), after 
adjusting for sex. Risk factors associated with vertebral fracture were lsbmd (OR decrease: 0.1; 
95% CI, 0.05-0.21), height loss (OR increases 1.04; 95% CI, 0.98-1.1), age (OR increases 1.04; 
CI,1.01-1.06), smoking (OR increases 1.35; 95% CI, 1-1.82) and No. fractures after 50 (OR 
increases 49.41; 95% CI, 28.28-86.34). Preliminary predictive models have an AUC of 0.828 
95% CI, 0.8022-0.8538. 
 
Conclusion: Our site-specific vertebral fracture risk assessment model would enable clinicians 
to assess and communicate the individualised risks of vertebral fracture clearly to patients, 
additionally, providing better health care for aging populations at risk of osteoporotic fractures. 
 
 
Keywords: Vertebral Fracture, Osteoporosis, Risk Factors, Predictive Modelling 
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Behavioural Recognition and Localisation Using WiFi and mmWave - (12cp) 
Andre Pearce - A19-221 
 
Supervisor:  Dr Andrew Zhang 
Major:  ICT Engineering Major  
 
Objective: 
A practical and efficient solution to passively perform behavioural recognition and 
localisation 
 
Sensing in the simplest form refers to the ability for an entity to obtain facts regarding its 
relative surroundings. Sensing in the context of this paper involves interpreting behavioural 
characteristics of other objects in the immediate surroundings, as well as their relative location. 
Obtaining this information commonly occurs in either an active or passive approach. An active 
approach is one that requires at least a pair of separate instruments communicating to each 
other to agree on a specific fact. For example, a device communicating to specifically placed 
beacons in its surroundings to determine its relative location. Alternatively, a passive approach 
is one that does not require additional technology on external entities in order to determine 
information regarding the particular entity or its surroundings. Passive implementations are 
typically less common due to the additional technical complexities that have to be solved to 
implement an accurate solution. However, a solution of this nature is usually more desirable 
due to the smaller footprint they demand during installation and usage. 
 
The use of radio waves is an appealing approach for implementing a passive solution for 
behavioural recognition and localisation. The fact that radio waves are typically sensitive to 
external factors in their relative surroundings, makes it an ideal technology to utilise for passive 
sensing purposes. WiFi in particular is a radio wave technology that has continued to increase 
in demand, driving the growth of the availability of WiFi networks. Analysing WiFi channel 
state information, using artificial intelligence, has the potential to identify behavioural and 
loacalisation patterns. A solution utilising WiFi would be ideal due to the increasing 
availability of WiFi modules. However, during the testing of a WiFi based sensing solution, it 
was evident that there are additional complexities involved that impact the accuracy of 
determining behavioural characteristics in a dynamic environment. 
 
An alternative to WiFi sensing, explored as a potential solution is millimeter wave (mmWave). 
mmWave is a radio wave operating in the spectrum of 30GHz - 300GHz, which is significantly 
higher than the frequency that WiFi operates at. As a result of the shortwave lengths of 
mmWave, accuracy can be expected to be sub-millimeter. Similar to WiFi, artificial 
intelligence can be utilised to analyse mmWave signals to determine behavioural and 
localisation patterns. 
 
To demonstrate the capabilities of radio sensing, specifically using mmWave, to perform 
behavioural recognition and localisation, a prototype solution to track the movements of a 
pregnant woman has been explored. It is intended that the characterisation and monitoring of 
the pregnant women’s movements can then be further analysed to determine the impact specific 
movements have on the overall pregnancy. 
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AI For Imaging through Opaque Media - (12cp) 
Manveer Singh - A19-068 
 
Supervisor:  Professor David McGloin 
Major:  ICT Engineering Major 
 
Objective: 
Increase the effectiveness and quality of optical imaging systems through machine 
learning. 
 
Light scattering remains a highly problematic issue for optical imaging systems. Light 
scattering often occurs as a result of interference, caused through reduced quality media and 
external factors such as dust and other contaminants. Current technology has reached a road 
block, where the size of optical fibres can no longer be reduced without sacrificing significant 
image and signal quality or large processing times for image correction systems. This problem 
is exceedingly evident in medical equipment (such as endoscopes) and fibre optic 
communications systems. 
 
There have been numerous (but few) studies completed to use convolutional neural networks 
(CNN) and deep learning (DL) algorithms to convert low quality image inputs into high quality 
outputs. This report covers the research and design of a CNN that can decipher and classify 
simple images, after they have been diffused through an opaque media. The diffusion has been 
performed to a level where the image is no longer recognisable by a human. Additionally, this 
research explores the potential of creating CNNs with greater hidden layers to increase their 
effectiveness, the effect of down sampled inputs on processing times and quality of outputs, 
and also the limitation of input diffusion. 
 
The benefits of this research, lays the building blocks for the possibility of using smaller optical 
fibres and devices to produce the same quality of information as current technology. The use 
of smaller fibres will result in more efficient use of resources, increased quality of life for users 
of medical devices and an increase to production efficiency of optical fibre based equipment. 



Capstone Showcase 17 October 2019 

66 
 

Content Prediction using Mobile Edge Cache through Distributed Deep Learning. - 
(12cp) 
Brandon Lieu - A19-262 
 
Supervisor:  Dr Diep Nguyen  
Major:  ICT Engineering Major 
 
Objective: 
Implementation of a cooperative distributed deep learning framework. 
 
As society’s reliance on interconnected mobile devices continues to grow into the future, the 
question of how such a large number of devices can co-exist on the same network without 
performance issues, becomes prominent. A potential solution to this issue is in the form of edge 
computing that focuses network resources and data processing at the ‘edge’ of the network, 
instead utilising a traditional centralised server. 
 
This capstone report focuses on a distributed deep learning framework that combines the robust 
and high-performing architecture of edge computing, with the distributed deep learning 
backend to predict and cache user content at the ‘edge’. Utilising the distributed nature of the 
edge computing network, the mobile edge network hosting multiple nodes will collect user 
data, implement the deep learning algorithm, collaborate with neighbouring nodes and then 
send their models to the localised cloud server. Using this combined data, the most popular 
user content can be discovered and cached on each mobile edge node. As a result of this locally 
cached data, service request delays can be decreased, and accuracy of cached information can 
be improved. This improves the performance of mobile devices and lowers network bandwidth 
usage and latency. This opens the door to innovative implementation of interconnected mobile 
devices previously held back by latency and bandwidth. 
 
The implementation of this framework onto an embedded AI board, provides the possibility of 
analysing how this framework can potentially be implemented on an industry level. In addition 
to the implementation of the framework, performance differences between the simulation and 
embedded board setup, which leverages the benefits of parallel computing can be investigated. 
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Feasibility and Research Study into Wireless Sensor Technology Use in the Building 
Management Systems Industry - (12cp) 
Benjamin Linder - A19-032 
 
Supervisor:  Professor John Canning  
Major:  Electrical Engineering Major 
 
Objective: 
Research and evaluate current wireless BMCS sensor solutions, provide engineering 
improvements required on existing technologies to improve commercial feasibility 
 
The Building Management and Controls Systems (BMCS) industry has always heavily relied 
on wired sensor technologies due to proven reliability and consistency for monitoring and 
control of air conditioning and ventilation systems in commercial buildings. However, with 
record-high energy and gas prices in Australia, facility managers and building owners are 
looking to BMCS engineers to further refine measurements and reduce energy consumption in 
their buildings by implementing energy-saving initiatives with their control systems. This 
growing demand for reductions in energy consumption and strict building monitoring has led 
to the introduction of wireless BMCS sensor technologies to address the stakeholder 
requirements. There are, however, some major drawbacks with the current state of the wireless 
technologies which are explored in this report. Using various wired and wireless sensor 
systems, tests were conducted on existing technologies in live commercial spaces with all data 
readings logged over the testing period. 
 
The collected data from the wireless sensor logs partnered with case-studies from existing 
wireless installations demonstrate that while there are many commercially available wireless 
BMCS sensor products available on the market, these systems are generally not capable of 
being scaled up to large commercial settings and critical environments such as data centres 
where maintaining temperature and humidity conditions is paramount. This is primarily due to 
the limitations in the available power sources for any wireless device. Hospitals and areas with 
high electromagnetic interference would also not permit the use of wireless sensor technologies 
in their current state. Data security in the growing IoT realm was also found to be a serious 
concern for most wireless protocols and needs to be addressed before existing technologies 
should be allowed to progress further into the commercial space. 
 
Major improvements to the existing products are on the horizon as technology progresses 
with solutions including the use of optical fibre sensors which can overcome limitations 
found in current electronic sensors, however, the setup costs are high. Other promising 
technologies include rectennas for powering low power wireless devices and Lifi as a secure 
method for transferring information through high frequencies. 
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DC Power Packet Distribution System (PPDS) - (12cp) 
Omar Ridiandries - A19-219 
 
Supervisor:  Dr Dylan Lu 
Major:  Electrical Engineering Major 
 
Objective: 
To create a smart power routing system to avoid overload of the electricity in the grid 
 
In Australia, there is a prediction of a power grid overload due to increase installation numbers 
of home solar PV systems. As a large percentage of Australians are away from home during 
the day, the solar panels will be in a constant state of charge for the batteries. Once the batteries 
are full, the excess power will then start to flood the electrical network, flowing in the opposite 
direction (away from the home). This will cause an overload of the electricity and an overall 
reduction in the quality of electricity in the grid. The result of this is due to the current electrical 
infrastructure not being designed for reverse power flow. 
 
The proposed solution is to create a smart power routing system to be implemented at the home 
solar PV system. The DC Power Packet Distribution System, is an automated system that turns 
DC power in to quantifiable packets and distributes them to the allocated loads, such as lighting 
or ventilation. The system can also give priority to different sources and loads, meaning the 
house will use power from the battery before switching to the main grid, or lighting will always 
have emergency power. 
 
The Objective of the project was to design and develop a mixer and router component to 
simulate the combining and distribution of different sources. The mixer is responsible for 
combining the sources as a payload and generating ID bits for the payloads. The router will 
deconstruct the combined sources from each other, through their ID bits, and distribute the 
payload to their respective loads. 
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The DC-Power Packet Distribution System - (12cp) 
Haobin Huang - A19-286 
 
Supervisor:  Dr Dylan Lu  
Major:  Electrical Engineering Major 
 
Objective: 
Introducing Energy Internet (EI) to provide a reliable, secure and efficient power 
system 
 
The generation of electrical power from renewable energy sources (RESs) such as PV and wind 
has significantly increased which further increase our environmental sustainability by reducing 
the use of fossil fuel. However, the power that is generated from RESs can be unreliable 
because the RESs relied on stability nature. Therefore, to ensure the consumer has reliable 
power, the concept of Energy Internet (EI) has been introduced to provide a reliable, secure 
and efficient power system via advanced information and technologies in the power electronics. 
The main purpose of EI is to allow information and power transfer simultaneously and bi-
directionally to empower the system to coordinate the loads and the distributed RESs. A power 
packet distribution system (PPDS) is one of the promising technologies for the implementation 
of EI because PPDS has the capability of transferring information alongside the distribution of 
electric power. 
 
The power conversion losses are one of the issues in the power distribution system where the 
power is required to convert according to the load requirements. This project is focused on the 
DC-PPDS to eliminate the voltage conversion in the system. It consisted a DC power cabling 
that is utilized as the power source and information transfer, while the system itself contains a 
mixer and router as well as a request generator using a revised power packet structure to reduce 
the power switching losses. The purpose of the mixer circuit is to generate power packets (PPs) 
from the different voltage levels and the router distributes the power to the required loads. 
There are many advantages of using PPDS such improve the congestion issues and safety 
because the connection of the loads to the distribution line only occurs when it receives the 
demanding payload. And reduced the standby power because it only requests the power that 
needs to be consumed by the load. 
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Deep Learning for Cyberattack Detection - (12cp) 
Frank Peng - A19-217 
 
Supervisor:  Dr Hoang Dinh 
Major:  ICT Engineering Major 
 
Objective: 
Detect Cyber-attacks using deep learning approach in network 
 
Cyber-attacks have exponentially increased in frequency and evolved in complexity, 
corresponding to the rising rate of smartphone adoption which has resulted in traditional 
Intrusion Detection Systems and Network Monitoring Software to become insufficient in 
handling the detection of the rapidly changing nature of modern cyber-attacks. 
Advancements in Artificial Intelligence, especially in the field of Machine Learning and the 
recent breakthroughs of computation for Deep Neural Networks has made Deep Learning 
become a reality. Deep Learning has made it possible to process large amounts of data at 
fractions of the time that it would take for normal computational methods to derive the same 
level of informational insight. Deep Learning has been an invaluable tool in finding patterns 
in Big Data to derive information and develop knowledge on previously unseen/unnoticed 
characteristics. 
 
This capstone project focuses on discovering the possibility of using a Deep Learning Model 
to detect cyber-attacks in smartphones through the use of a newly proposed framework 
suggested in a co-authored research paper titled “Cyberattack Detection in Mobile Cloud 
Computing: A Deep Learning Approach” written by my supervisor, Dr. Hoang Dinh and my 
co-supervisor, Dr. Diep Nguyen, in collaboration with academics from Hanoi University of 
Science and Technology and Nanyang Technological University. The proposed framework 
has produced astonishing experimental results that achieve a high level of accuracy, up to 
97.11% on a diverse range of attacks from three empirical public datasets (KDDcup 1999, 
NSL-KDD & UNSW-NB15), which have been widely used for benchmarking cyber-attack 
detection. 
 
The mobile application solution produced from the implementation of the proposed 
framework will serve to demonstrate the feasibility of using a Deep Learning Model in cyber-
attack detection for smartphones and encourage greater research and development into how it 
can be converted into a readily available solution that will actively prevent future cyber-
attacks targeting smartphone users. Furthermore, the ability to use Transfer Learning to grow 
upon the pre-trained model allows for flexibility to account for a greater variety of attacks 
with the growing nature of complexity and stealthness, making the solution maintainable with 
future collected cyber-attack datasets. 
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Deep Learning for Cyberattack Detection - (12cp) 
Samrat Pant - A19-153 
 
Supervisor:  Dr Hoang Dinh 
Major:  ICT Engineering Major 
 
Objective: 
Detect Cyber-attacks using deep learning approach in network 
 
Cyber-attacks have become one of the most imminent threat with impacts ranging from data 
breach of a personal computer to critical impacts on operations of governmental and non- 
governmental organisation. As our lives become dependent on using web application/systems 
for transportation, payments, health and many more. They become a prominent target for 
hackers to steal information or to disrupt the services for economic, political and social gains. 
Current approaches for stopping such attacks involves extraction of network features that 
happens during the attack also called signature based IDS. However this approach might not 
be effective when zero day exploits are used for attacks. This paper implements new approach 
which implements deep learning approach to understand the packets flowing in the network 
and classify them as attacks or normal requests.  This involves sniffing the live packets and 
normalisation using principal component analysis (PCA), which is then sent to Gaussian Binary 
Restricted Boltzmann machine (GRBM) and Restricted Boltzmann Machines (RBM) which 
are the hidden layers. The outputs from these hidden layers are then sent to a softmax regression 
steps which will then classify if the packets are attack or normal. The training datasets are 
obtained from UNSW NB-15 datasets. Furthermore the attacks and detections are recorded and 
compared to determine the accuracy of the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Capstone Showcase 17 October 2019 

72 
 

Applications of Torque Vectoring in Formula Student - (12cp) 
Brendon Hazlewood - A19-079 
 
Supervisor:  Dr Ha Pham  
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
The study of Applications of Torque Vectoring in Formula Student Team 
 
Formula Student is an international engineering design competition tasked with the design, 
construction, testing and racing of small, open-wheeled racecar. The goal is to provide students 
with a practical engineering project to develop and hone real world skills sought by industry. 
Engineering design, cost reporting and business analysis are some of the static areas assessed 
at the end of the year. Dynamic areas, concerning the vehicles performance, are also assessed 
in a variety of events.  
 
Quantifying performance and testing system reliability are areas hardly explored by the UTS 
Formula Student team, and often account to considerable wasted testing time and a system not 
performing at its peak. The team also wishes to move from a single motor system to a four-
wheel, independently driven system in the near future, and would like to explore the possible 
benefits of torque vectoring that a four-wheel drive system enables. 
 
This report describes the design and development of an electric motor dynamometer, aimed at 
enabling performance and reliability testing of electric powertrains. It has been designed to 
cater for future in-wheel motor testing for a four-wheel drive package, as well as the current 
single motor package. The dynamometer has both closed loop torque and speed control, and 
an endurance testing module, suitable for both performance and reliability testing. 
 
The negative relationship between a vehicles maximum yaw moment, and peak lateral 
acceleration is examined, and the ways in which torque vectoring can mitigate this relationship 
explored. 
 
The results of this report show the positive impact of torque vectoring on vehicle safety and 
performance. A significant reduction is inefficient testing time by the UTS Formula Student 
team and the increase in system reliability is also shown. 
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Feature Learning Network Fusion with Point Cloud Descriptor - (12cp) 
Zhenhua Zhang - A19-111 
 
Supervisor:  Dr Qiang Wu 
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
Research on the influences of class unbalancing in 3D object recognition 
 
3D object recognition has adopted by industries with the progress on convolution neural 
network and Lidar sensor. The collection of 3D point coordinate obtained from Lidar sensor 
constructs the real-world environment. Models developed through convolutional neural 
network allowed computers to recognize objects within this environment. These objects can be 
pedestrians, cars, vans and others. This technology has already implemented in several of 
applications, most notably is the recent popular autonomous driving vehicles. 
 
Current 3D object recognition models can be grouped into two categories: single stage and two 
stage models. Single staged model provides fast processing speed, while two stage models 
provide more accurate object recognition. These models are trained to recognize object within 
the environment by learning the object locations, size and its features. These objects are 
assigned into different classes, such as Car, Van and Pedestrians. During learning, some of 
these classes occur more frequently than others. This causes the model to recognize the less 
occurring object poorly. In some dataset, this ratio between less to high occurrence class can 
be 1:1000+. This problem is commonly known as the class imbalance in object recognition. 
 
This capstone investigates the influences of class imbalance and the effectiveness of the 
methods employed by 3D object recognition models. Each of the methods is analyzed on its 
approach and its effectiveness compare to other methods. These experiments will provide a 
conclusion on the significance of the imbalance issue exist within current 3D object 
recognition. Further research can be conducted to provide new solutions to address this issue. 
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Solar Thermal Energy Monitoring and Feedback System for Algae Panel Prototype 
(APP) - (12cp) 
Fangzhou Lei - A19-142 
 
Supervisor:  Professor Sara Wilkinson 
Major:  Electrical Engineering 
 
Objective: 
The conflict between the growing energy demand and greenhouse gases 
 
As society develops, one of the most important issues is the conflict between the growing 
energy demand driven by population growth, the desire for a better quality of life and the 
greenhouse gases emitted from using traditional fossil fuel energy sources – which leads to 
global warming. 
 
In order to solve this major conflict, many solutions have been proposed. In 2013, an innovative 
idea of applying renewable energy into building design was introduced by the building engineer 
consultancy Arup, Strategic Science Consult of Germany and Colt International in Hamburg, 
Germany. This new concept uses algae as the renewable energy source in terms of both biofuel 
producer and solar thermal energy collector. Biomass produced by algae in glazed façade 
panels which is collected, filtered and then converted to biofuel through a chemical process. 
After this, the biofuel generates electricity for the building, and hence fulfils part of the energy 
demand from residents and saves their money on energy bills. In addition, as the algae grow in 
the special flat panel glass photo bioreactors (PBRs), the solar thermal energy generated during 
daytime is collected as heat, which can either heat water and the interior directly, or; be stored 
in a heat sink for later use. 
 
This capstone project is one part of the Algae Prototype Panel (APP) project which introduced 
by Algae Building Technology Team lead by Professor Sara J Wilkinson. The APP project is 
based on the theory used in BIQ algae building but with modifications which make it more 
suitable for Australia. Currently no monitoring or control system exist for this technology. 
 
The main topic of this project is creating a heat energy monitoring and feedback control 
system for the solar thermal energy and biomass production process of the APPs in order to 
identify how much solar thermal energy can be absorbed by algae and; the temperature 
caused by produced heat during this process at certain algae density levels. These data will 
then be used to create potential methods of controlling the heat, hence protecting the algae 
colony from overheating and maintain optimum biomass production efficiency 
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Using Deep Learning to Detect Parkinson's Disease- (12cp) 
Carol Alex - S18-141 
 
Supervisor:  Dr Zenon Chaczko  
Major:  ICT Engineering Major 
 
Objective: 
There is a lack of accuracy in data for patients to get an early diagnosis of Parkinson's 
disease. 
 
Parkinson's disease is a result of a disorder to the body's nervous system; it is a consequence 
of damage to the nerve cells located in the area of the brain which produces a chemical that is 
important for controlling the muscles and movement of the body. It is not common for people 
affected by Parkinson's disease to get an early diagnosis as symptoms usually appear slowly. 
In some cases, patients might even display less commonly known symptom patterns in their 
early stages which makes it difficult to recognise their condition. Parkinson's disease can also 
be a bit challenging to diagnose as there are no conclusive tests or established biomarkers to 
detect the presence of the disease. Currently, the identification of the disease is done through 
the presence of motor symptoms. However, by the time these symptoms show, around 70% of 
the dopamine neurons (the chemical important for controlling muscles and movement) in the 
patient's body may be lost.  
 
This project aims to research and find a way to address this issue using the technology of Deep 
Learning. Deep Learning makes use of neural networks that can compute large amounts of data 
which produces results that are very high in accuracy. In this project, the neural network is built 
on a python environment using a framework called TensorFlow (an open source artificial 
intelligence library). Research has shown that facial and hand movements have previously been 
explored to detect early stages however, this was not used with neural networks. Based on this, 
an analysis is done on the body movements (face/hand) of a healthy individual and someone 
who has Parkinson's disease. This neural network computes these two separate sets of data to 
find a common difference and/or pattern between them which can be used as a factor for 
diagnosis. This project explores the initial implementation of this neural network. It is expected 
for this model to be continually trained with extensive tests to achieve results with a high 
enough accuracy that can be considered for use as a diagnosis in the future. 
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Overview of the Accuracy of the Facial Features as a Secondary form of Security Access 
- (12cp) 
Christine Vinaviles - S18-107 
 
Supervisor:  Dr Zenon Chaczko 
Major:  ICT Engineering Major 
 
Objective: 
Identify which facial feature/s performs best for facial feature extraction. 
 
The need for a secure form method of accessing data has been on the rise, along with the risks 
presented by cyber threats. A password on its own is no longer enough in protecting data. The 
enforcement of secondary authentication, termed 2-Factor Authentication (2FA), is being 
encouraged as a practice for both personal and in an organisational setting. There are widely 
popular 2FA methods that are currently being used and explored; this includes biometric 
scanning in addition to using passcodes. Biometrics such as retina scanning, fingerprint 
scanning, and face recognition have propelled in popularity as a supplementary form of access 
due to lower chances of replay attacks.  Even though there have been successful 
implementations of facial biometric scanning in devices like mobile phones and laptops, 
occlusions and camera angling present issues in the devices’ ability to identify an individual. 
 
The Generative Adversarial Network (GAN) framework can be utilized to predict what the 
face would look like without the presence of occlusion. GAN is a class of machine learning 
system based on game theory. In this system, a generator creates outputs based on a training 
set while a discriminator continuously learns to differentiate data that original data and one 
which is created by the generator. The two neural networks compete in this way until the 
generator can deceive the discriminator network. 
 
Facial feature extraction for biometric security is still an emerging field explored as a potential 
alternative secondary authentication check. The area presents a promising alternative or 
additional check to full facial recognition. This Capstone Project analyses the varying 
accuracies of selected facial features to determine which is the most suitable in providing a 
secure form of secondary access. Available approaches for extracting facial features will be 
investigated to systematically assess the best method for matching the selected facial feature(s) 
using the GAN framework. 
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Explainable Artificial Intelligence in Safety and Security in Autonomous Vehicles - 
(12cp) 
Ilya Thai - A19-073 
 
Supervisor:  Dr Zenon Chaczko 
Major:  ICT Engineering Major 
 
Objective: 
Concern and distrust related to automation using Artificial Intelligence. 
 
‘Technology is (the study and knowledge of) the practical, especially industrial, use of 
scientific discoveries’ (Cambridge Dictionary, 2019). 
 
Our world has exponentially changed due to the scientific progress in the technological field. 
As a tool, technology has allowed us to save time and resources, allowed us to communicate 
across the world, and recently, even driver our vehicles. Artificial Intelligence has been 
discussed for decades, but only recently, due to the improvements in hardware, has Artificial 
Intelligence been utilized in our everyday lives. Yet, not many people understand how it works, 
and even less can explain the reasoning behind its decisions. 
The purpose of this project is to analyse the benefits of using explainable Artificial Intelligence 
in context of safety and security of autonomous vehicles. Looking beyond the normal scenarios, 
the project investigates risks of edge cases and how Explainable Artificial Intelligence could 
combat the feelings of uncertainty associated with AI’s decision making. A set of requirements 
were derived from real life examples and deep problem analysis. Various architectures and 
design decisions were compared and evaluated based on performance and accuracy in real-
time applications. Other design drivers include studies on the nature of human perception and 
how that can be used by Artificial Intelligence systems to enhance vehicle operator awareness 
and safety. 
The designed prototype presents a Deep Learning network used to detect and identify possible 
risk within a driving scenario. The identified risks undergo a transformation process that aims 
to provide the operator with an efficient process of understanding and reacting to risks outside 
of their vehicle.  
This project opens a conversation into the real-life risks associated with automation, and 
combating human uncertainty through “explainable” factors that promote trust between AI and 
vehicle operator. 
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Evaluating Machine Learning Techniques for the Development of Advanced Driver 
Assistance Systems - (12cp) 
Alexander Young - A19-354 
 
Supervisor: Professor Sean He 
Major:  Electrical Engineering Major 
 
Objective: 
Exploration and evaluation of computer vision techniques for the application of everyday 
tasks 
 
Road safety is significant challenge affecting every country around the globe. The number of 
road traffic deaths has been steadily increasing over the years, and as the global population 
increases, deaths and injuries sustained from road incidents will remain a serious problem. 
Advancements in computer vision and deep learning have opened new possibilities regarding 
the development of Advanced Driver Assistance Systems (ADAS), allowing for the detection 
of surrounding objects and alerting the driver of dangers before the accident occurs.  
 
Our capstone project is a combined effort with students from both UTS as well as Hong Kong 
Polytechnic University (PolyU). Each student has investigated the effectiveness viability of 
deep learning in topics such as: Pedestrian detection; Vehicle detection; Traffic-sign 
recognition; Lane detection; and Drowsy Driver detection. The finished implementations for 
each topic were then combined to create a complete ADAS system.  
 
Additionally, in order to prepare and synthesise our knowledge and ideas for the main project, 
the capstone team participated in the IEEE Video and Image Processing Cup (VIP Cup 2019). 
The challenge focused on the ability to create a deep learning model that would be able to 
detect and recognise a total of 18 human activities from an FPV chest-mounted camera, which 
included activities such as walking; chatting; printing; reading; and using a mobile phone. Our 
model was also required to be able to conceal private information such as faces, or the content 
of a computer screen. 
 
Our capstone team proposed a new Spatio-temporal attention network (STANet), which 
focuses on analysing both a combination of sRGB frames, as well as each frame’s optical flows, 
through the use of ResNet50, ResNet34, and LSTM modules. We attended and presented this 
model at the finals, hosted at the IEEE International Conference on Image Processing (ICIP 
2019) in Taipei, where we achieved 1st Place. 
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Evaluating Machine Learning Techniques for the Development of Advanced Driver 
Assistance Systems - (12cp) 
Hayden Crain - A19-266 
 
Supervisor:  Professor Sean He 
Major:  Software Engineering 
 
Objective: 
Exploration and evaluation of computer vision techniques for the application of everyday 
tasks 
 
Road safety is significant challenge affecting every country around the globe. The number of 
road traffic deaths has been steadily increasing over the years, and as the global population 
increases, deaths and injuries sustained from road incidents will remain a serious problem. 
Advancements in computer vision and deep learning have opened new possibilities regarding 
the development of Advanced Driver Assistance Systems (ADAS), allowing for the detection 
of surrounding objects and alerting the driver of dangers before the accident occurs.  
 
Our capstone project is a combined effort with students from both UTS as well as Hong Kong 
Polytechnic University (PolyU). Each student has investigated the effectiveness viability of 
deep learning in topics such as: Pedestrian detection; Vehicle detection; Traffic-sign 
recognition; Lane detection; and Drowsy Driver detection. The finished implementations for 
each topic were then combined to create a complete ADAS system.  
 
Additionally, in order to prepare and synthesise our knowledge and ideas for the main project, 
the capstone team participated in the IEEE Video and Image Processing Cup (VIP Cup 2019). 
The challenge focused on the ability to create a deep learning model that would be able to 
detect and recognise a total of 18 human activities from an FPV chest-mounted camera, which 
included activities such as walking; chatting; printing; reading; and using a mobile phone. Our 
model was also required to be able to conceal private information such as faces, or the content 
of a computer screen. 
 
Our capstone team proposed a new Spatio-temporal attention network (STANet), which 
focuses on analysing both a combination of sRGB frames, as well as each frame’s optical 
flows, through the use of ResNet50, ResNet34, and LSTM modules. We attended and 
presented this model at the finals, hosted at the IEEE International Conference on Image 
Processing (ICIP 2019) in Taipei, where we achieved 1st Place. 
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Evaluating Machine Learning Techniques for the Development of Advanced Driver 
Assistance Systems - (12cp) 
Khai Do - A19-119 
 
Supervisor:  Professor Sean He  
Major:  Electrical Engineering Major 
 
Objective: 
Exploration and evaluation of computer vision techniques for the application of everyday 
tasks 
 
Road safety is significant challenge affecting every country around the globe. The number of 
road traffic deaths has been steadily increasing over the years, and as the global population 
increases, deaths and injuries sustained from road incidents will remain a serious problem. 
Advancements in computer vision and deep learning have opened new possibilities regarding 
the development of Advanced Driver Assistance Systems (ADAS), allowing for the detection 
of surrounding objects and alerting the driver of dangers before the accident occurs.  
 
Our capstone project is a combined effort with students from both UTS as well as Hong Kong 
Polytechnic University (PolyU). Each student has investigated the effectiveness viability of 
deep learning in topics such as: Pedestrian detection; Vehicle detection; Traffic-sign 
recognition; Lane detection; and Drowsy Driver detection. The finished implementations for 
each topic were then combined to create a complete ADAS system.  
 
Additionally, in order to prepare and synthesise our knowledge and ideas for the main project, 
the capstone team participated in the IEEE Video and Image Processing Cup (VIP Cup 2019). 
The challenge focused on the ability to create a deep learning model that would be able to 
detect and recognise a total of 18 human activities from an FPV chest-mounted camera, which 
included activities such as walking; chatting; printing; reading; and using a mobile phone. Our 
model was also required to be able to conceal private information such as faces, or the content 
of a computer screen. 
 
Our capstone team proposed a new Spatio-temporal attention network (STANet), which 
focuses on analysing both a combination of sRGB frames, as well as each frame’s optical flows, 
through the use of ResNet50, ResNet34, and LSTM modules. We attended and presented this 
model at the finals, hosted at the IEEE International Conference on Image Processing (ICIP 
2019) in Taipei, where we achieved 1st Place. 
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Evaluating Machine Learning Techniques for the Development of Advanced Driver 
Assistance Systems - (12cp) 
Nirosh Rambukkana - A19-269 
 
Supervisor:  Professor Sean He 
Major:  Electrical Engineering Major 
 
Objective: 
Exploration and evaluation of computer vision techniques for the application of everyday 
tasks 
 
Road safety is significant challenge affecting every country around the globe. The number of 
road traffic deaths has been steadily increasing over the years, and as the global population 
increases, deaths and injuries sustained from road incidents will remain a serious problem. 
Advancements in computer vision and deep learning have opened new possibilities regarding 
the development of Advanced Driver Assistance Systems (ADAS), allowing for the detection 
of surrounding objects and alerting the driver of dangers before the accident occurs.  
 
Our capstone project is a combined effort with students from both UTS as well as Hong Kong 
Polytechnic University (PolyU). Each student has investigated the effectiveness viability of 
deep learning in topics such as: Pedestrian detection; Vehicle detection; Traffic-sign 
recognition; Lane detection; and Drowsy Driver detection. The finished implementations for 
each topic were then combined to create a complete ADAS system.  
 
Additionally, in order to prepare and synthesise our knowledge and ideas for the main project, 
the capstone team participated in the IEEE Video and Image Processing Cup (VIP Cup 2019). 
The challenge focused on the ability to create a deep learning model that would be able to 
detect and recognise a total of 18 human activities from a FPV chest-mounted camera, which 
included activities such as walking; chatting; printing; reading; and using a mobile phone. Our 
model was also required to be able to conceal private information such as faces, or the content 
of a computer screen. 
 
Our capstone team proposed a new Spatio-temporal attention network (STANet), which 
focuses on analysing both a combination of sRGB frames, as well as each frame’s optical flows, 
through the use of ResNet50, ResNet34, and LSTM modules. We attended and presented this 
model at the finals, hosted at the IEEE International Conference on Image Processing (ICIP 
2019) in Taipei, where we achieved 1st Place. 
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Using Artificial Intelligence to Manage Street Lights- (12cp) 
Vikesh Luharuka - A19-343 
 
Supervisor:  Dr Zenon Chaczko  
Major:  ICT Engineering Major 
 
Objective: 
Artificial Intelligence to Manage Street Lights 
 
In a city like Sydney that has a large existing infrastructure, it is difficult for authorities to 
manage streetlights. As they mostly rely on the public to notify them of any failures and issues 
there are delays between when the failure occurs and when the authorities are notified. This 
leaves the broader public in the vicinity exposed to the safety and wellbeing risks associated 
with darkness in public areas. 
Some modern smart-cities employ high-tech solutions where every street light sends usage and 
status data periodically to a centralised repository which is used for analysis and identifying 
when a streetlight is experiencing issues. Implementing such systems in cities with existing 
infrastructure would require significant capital investments by the local governments. As the 
benefits of such capital expenditures may seem marginal compared to other projects, it may 
never be prioritised.  
This paper outlines how AI technology is used to detect and identify the status of streetlights 
in an image. Such analysis can be run on existing video feeds available to local governments 
such as dashcams placed on public vehicles like buses and taxis. These data feeds can be used 
along with the existing network of cameras that are currently used for monitoring traffic on 
major roads.  
This implementation would ensure that streets with higher footfall, and therefore higher 
frequency of use by public vehicles, have streetlights that are regularly checked for issues. 
Applying the AI algorithm to existing infrastructure would reduce the need for capital 
investments by the government, and still provide high functionality. 
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Maximising User Experience in a Cross-Platform Augmented Reality Smartphone App 
for Exploring Urban Environments - (12cp) 
John Libunao - A18-186 
 
Supervisor:  Dr Zenon Chaczko 
Major:  No Specified Major  
 
Objective: 
Effectively utilising augmented reality to explore urban environments 
 
Modern cities are large, diverse and filled with a vibrant range of entertainment and leisure 
options. Exploring and interacting with what these cities have to offer can be challenging for 
tourists or those who have limited knowledge of their surrounds. With the rise of smartphone 
apps and the advent of augmented reality, an opportunity arises to allow us to interact and 
explore our surroundings in new and innovative ways.  
  
However, augmented reality is still an emerging technology that has yet to capture the 
mainstream market due to challenges in implementation. Currently, not all smartphone devices 
can render augmented reality scenes. Limitations in geo-location technology and mobile 
networks can hinder user experience and user adoption of the technology. There are also 
challenges with how to present points of interest (POIs) without overloading the user with 
information.  
  
In addition, there are challenges in having cross-platform development of augmented reality 
smartphone applications due to the differing specifications of the two major operating systems 
(OS) in the market: Google’s Android and Apple’s iOS. This has resulted in two different 
augmented reality software development kits (ARCore and ARKit respectively) which are 
incompatible on their respective competitor’s devices. It poses a problem of alienating a large 
portion of the market if development is focused on one platform or doubling the resources to 
create an application on both.  
  
The following project will focus on designing a cross-platform augmented reality smartphone 
application to explore a city’s POIs, utilising the relatively new Nativescript framework which 
allows native mobile applications to be developed on both iOS and Android OS. In particular, 
the project will propose a design for the application’s user-interface and how emerging 
technologies such as 5G mobile networks can enable an application to maximise user 
satisfaction and encourage widespread user adoption. 
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Elderly Fall Detection and Monitoring System - (12cp) 
Anthony Ly - A19-044 
 
Supervisor:  Associate Professor Kumbesan Sandrasegaran  
Major:  ICT Engineering Major 
 
Objective: 
Develop an elderly fall detection and monitoring system 

 
Falls are one of the most common causes of fatal injuries amongst people of all ages over the 
past decades. Elderly people in particular are more susceptible to falls as they continue to age 
due to the chronic health conditions and physical impairments that are developed in human 
body throughout the ageing process. Statistics show that over a quarter of the elderly population 
experience a fall each year (World Health Organization 2008). 
 
Falls suffered by the elderly at the are more likely to result in fatal injuries compared to those 
of other age groups. Non-fatal falls and injuries suffered by the elderly are also of a major 
concern, especially for those who are living alone and are unable to receive immediate 
assistance when they fall. In combination with the issue of population ageing, where the 
population of elderly people continues to outnumber the population of young adults (World 
Health Organization 2008 & United Nations 2017), the number of unattended elderlies will 
continue to grow. Therefore, the need for research in elderly fall detection and development of 
an autonomous real-time fall detection and alert system is crucial for society. 
 
The project aims to develop an elderly fall detection and monitoring system using a singular 
tri-axial accelerometer sensor and a threshold-based fall detection algorithm that is capable of 
accurately detecting for elderly falls and differentiating them from common activities of daily 
living (ADLs) to avoid false positive alerts. Publicly available fall datasets are analysed to 
explore and understand the characteristics of fall and ADL accelerometer signals and to 
evaluate which accelerometer signal features are most suitable as threshold parameters for a 
threshold-based fall detection algorithm. The fall detection algorithm is then simulated and 
evaluated using MATLAB and implemented into a prototype for real-world testing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Capstone Showcase 17 October 2019 

85 
 

Face Detection System for Use in Safety Scenarios (and Other Uses) - (12cp) 
Omar Salam - A19-084 
 
Supervisor:  Dr Asif Gill 
Major:  ICT Engineering Major 
 
Objective: 
Emergency Event (Fire) crowd management and detection 
 
This capstone project proposes a system which will solve a gap in safety in buildings (and 
possibly other locations) by applying facial recognition and IOT technologies. The problem 
that is solved is instant crowd management, emergency event tracking in a large venue and 
tackling inconsistencies and human error caused by solely depending on allocated wardens. 
This presents a weakness in timing, communication and limits sources of safeguards to 
specifically those allocated. This paper details the scope of the project following the 
methodologies and design inclusive research processes that are used along with a breakdown 
of phases. Furthermore, it analyses relevant literature, develops artefacts and produces 
architectures involved for the benefit of creating knowledge. The architectures that are included 
cover concept, prototype, system, and other patterns in other to provide further overviews of 
different aspects and shows the evolution of the design. There is a focus on patterns and uses 
cases to emphasis various benefits and applications of the artefacts. The system will involve a 
network of cameras, sensors, microprocessors, databases and deep learning to create an 
accurate and functional solution. Part of this design will also be prototyped in a small (one 
raspberry pi / one pi camera) solution, which will act as proof of concept and achieve some of 
the architectural design that is illustrated. The software will be generic and developed to add 
to the usefulness of the hardware implementation. The designed knowledge can be 
implemented to numerous applications, as the methodology keeps generalization and novelty 
in mind during all major decisions. 
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A Human-Centered Design Approach to Developing Wearable Technology for the 
Safety of Remote and Lone Workers- (12cp) 
Dakota Harkins - A19-232 
 
Supervisor:  Dr Julia Prior  
Major:  ICT Engineering Major 
 
Objective: 
Wearable technology has the potential to save remote or lone workers’ lives.  
 
NSW’s energy sector infrastructure requires regular maintenance and inspection. In some 
remote areas, often only one team member conducts these works. SOS devices and GPS 
trackers have recently been installed in TransGrid vehicles in order to provide an extra level of 
safety in the case of a vehicle accident. However, inspections are frequently carried out some 
distance from the vehicle and it may be several hours until an alarm is raised, should a person 
be incapacitated while on foot. Wearable technology could passively monitor these workers, 
reducing the time to raise an alert to a matter of minutes, potentially saving lives. 
 
The purpose of this research is to: 
 

 Explore the application of a human-centered design approach to corporate 
technology projects. 

 Develop a deep understanding of remote and lone workers and how they interact 
with technologies. 

 Investigate current solutions to monitoring remote and lone worker safety and their 
benefits and pitfalls. 

 Design, develop and test a proof-of-concept wearable digital safety monitor. 
 
 
In order to achieve these goals, initial interviews and then formal, empathy interviews were 
conducted in July with TransGrid field workers across NSW. A system was designed, and a 
proof of concept application was developed on the Samsung Galaxy Watch. This tool 
demonstrates the intended system design and allow field workers to interactively test the 
concept and provide feedback for improving the design. The watch application is currently part 
of a safety workshop roadshow and is being reviewed by field workers across NSW. 
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Deep Learning Using H2O for Predicting Outcomes of Childhood Acute Lymphoblastic 
Leukaemia (ALL) Patients - (12cp) 
Andy Go - S18-093 
 
Supervisor:  Dr Paul Kennedy  
Major:  ICT Engineering Major 
 
Objective: 
Predicting the outcome of acute lymphoblastic leukemia patients using gene expression 
data. 
 
Acute Lymphoblastic Leukemia (ALL) childhood cancer patients are often differentiated into 
various levels of risk during prognosis, with high risk patients requiring more intense 
treatments. These risk levels are correlated with how dangerous the cancer is and the difficulty 
in treating the cancer. However, there are risks associated with using this method for stratifying 
patients during their prognosis. Individual cancer patients react differently to both the cancer 
and its treatment, which may result in potential detrimental effects if the treatment is incorrectly 
prescribed, such as relapse or mortality. The risk assignments group symptomatically similar 
patients together and do not account for individual factors such as genetics.  
 
Machine learning has been extensively used to facilitate the notion of personalized medicine – 
where treatment is customized and refined for each patient based on their individual attributes. 
However, issues with using genomic data arise due to its complexity, especially regarding high 
dimensionality and class imbalances. Therefore, when working with datasets of this nature, it 
is important to consider these issues when designing models, especially for use in clinical 
decision support systems. 
 
This research thesis aims to determine, based on an ALL patient's gene expression data, the 
ability for deep learning models to predict their mortality and relapse for cancer prognosis. 
Deep learning models facilitated by H2O are evaluated against extensively used models in 
previous literature and benchmark cancer datasets to assess its predictive performance. 
Ensemble methods such as out-of-bag sampling and voting are utilized to manage the high 
dimensionality of the dataset. 
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Mobile Brain-Computer Interface Control of a UAV Swarm - (12cp) 
James Mitchell - A19-045 
 
Supervisor:  Dr Tim Chen 
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
A lack of flexibility and mobility in existing BCI technologies 
 
Since the early development of the Brain-Computer Interface (BCI), there has been widespread 
progress in the areas of neuroprosthetics and robotic control. Despite these developments, there 
are still major limitations in user mobility and flexibility that prevent more significant 
commercial developments. Commonly, active BCI control extracts relevant brain signals and 
translates these features into device commands while providing feedback to the user. However, 
many existing applications require a user to concentrate on a screen that repeats specific visual 
stimuli designed to elicit the target brain signals. This doubles as a method of restricting 
movement to minimise signal interference and distraction, often requiring significant user 
training before it can be successfully implemented.  
 
This project addresses these shortcomings by developing a system for BCI control that does 
not require the user to remain rigidly focused on the control screen. Instead, the user is free to 
move while relaying a set of high-level commands to a UAV swarm. This has been 
accomplished by adapting an existing active BCI paradigm known as Motor Imagery (MI), 
which is recorded when an individual visualises a physical action such as clenching a fist. 
Commands are constructed using an algorithm designed to differentiate between valid MI 
signals and movement noise. This incorporates accelerometer data taken from the EEG 
headset and UAV object tracking to exclude invalid signals produced while the user is in 
motion and supplements them using autonomous control during these periods. These control 
signals are passed through a flexible TCP communication layer that provides an overarching 
method for coordinating data and feedback from each piece of hardware. This also enables 
the system to incorporate a swarm rather than a single interface, which provides a robust 
framework for accomplishing more complex tasks 
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Human-in-the-Loop Swarm Robotic Security System - (12cp) 
Samuel Funk - A19-253 
 
Supervisor:  Dr Tim Chen  
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
Developing a swarm of security UGVs which can capture a human-controlled UGV in an 
indoor environment 
 
Throughout history, on-site security has always relied on a human being present to monitor the 
area and take action when a situation occurs. As technology has advanced, agents have been 
provided with supplements to aid their ability to monitor and/or respond, such as dogs, torches, 
weapons and CCTV cameras. However, the human element of modern security systems brings 
with it human shortcomings, such as a tendency to lose focus or concentration on the job (due 
to factors such as fatigue or boredom), the limited amount of time humans can work for (both 
legally and physically), and the limited number of environments that humans can work in.  
  
Additionally, research into how autonomous systems can be integrated into various aspects of 
society has been continuously increasing over recent years. Included in this is the use of swarm 
intelligence for Unmanned Ground Vehicles (UGVs) or Unmanned Areal Vehicles (UAVs) to 
accomplish a common goal. The applications of robotic swarms are far reaching, and include 
applications such as tending to crops, herding animals on farms, detecting and perhaps dealing 
with environmental threats (such as fires, oil spills or gas leaks) and infrastructure maintenance 
(such as painting or window cleaning). In particular, research has started to be conducted into 
the use of automated robots and robotic swarms for the application of onsite security. This 
includes developing standalone robotic agents which are designed to patrol urbanised areas, 
and using swarms of UGVs or UAVs to collaboratively secure targets or locations.  
 
This capstone project focusses on the development of a robotic swarm security system which 
can capture a human-controlled UGV in an indoor environment. In this context, a ‘robotic 
swarm’ (or simply a ‘swarm’) is defined as a group of automated UGVs which act as a single 
entity to achieve a common goal. By using a robotic swarm, members of the swarm will be 
more aware of what the rest of the swarm is doing, and as such will be able to operate with the 
rest of the swarm’s actions in mind. If several independent robots were used instead, they may 
at times get in each other’s way, thus hampering their collective efficiency. 
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Simplifying EEG-based Motor Imagery Brain-Computer Control Interfaces using the 
ROS Navigation Stack - (12cp) 
Mena Basaly - A19-028 
 
Supervisor:  Dr Tim Chen  
Major:  Mechanical and Mechatronic Engineering Major  
 
Objective: 
Integrating ROS Navigation capabilities with EEG-based MI-BCI to enable effective Human-
Machine interfacing 
 
Brain-Computer Interfaces use a broad scope of paradigms to identify brain signals and 
translate these into inputs for human-machine control. These technologies are not new, being 
arguably as old as the Electroencephalogram (EEG). Their wider use has become increasingly 
novel with the advent of advanced manufacturing methods, less expensive components, and 
widespread access to Open-Source software. 
  
The integration of BCIs that control how users interact with mechanical and computer systems 
is often limited in scope, relegated to use-cases in which users have no other choice for 
interaction. Prominently, most BCI is specified and implemented when users have restrictions 
on their mobility because of a medical condition. The cost of BCI devices that could be 
classified as consumer-grade have come down significantly with the cost of sensory technology 
and advanced manufacturing techniques such as 3D Printing. However, there are a wide variety 
of barriers to the proliferation of this technology as part of a mainstream control interface. A 
significant element of this is the uncomfortably intense amount of concentration and focus a 
user must maintain to perform tasks using the interfaces. Unless a user is unable to access more 
traditional means of control (such as a mouse and keyboard or other peripheral input device), 
BCI technology becomes untenable. 
  
However, BCI technology has not improved in a vacuum. Development platforms such as the 
Robotis Turtlebot, a small robot with Laser-Depth sensing functionality, serve to showcase the 
value of leveraging inexpensive sensory and computational capabilities of the controlled device 
in building a powerful human-machine interface. 
  
This Capstone project addresses the feasibility of using BCI devices to control robotic 
technology, specifically using the Motor Imagery BCI paradigm. By proposing an integrative 
software framework between Openvibe (an open-source BCI software) and the ROS (Robotic 
Operating System, the industry-standard robotics platform) navigation stack, the project 
demonstrates the benefit of pairing simple inputs from the BCI (move left, and move right) 
with the intelligence of an inexpensive robotic device. Using this framework, a robot can 
navigate a space with only infrequent commands required for it to explore. This design 
removes the almost constant concentration that would be required for a conventional MI 
interface. 
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Interactive Aerial-Ground Robot Cooperative Navigation System - (12cp) 
Ehsan Mahmood - SU18-044 
 
Supervisor:  Dr Tim Chen 
Major:  Mechatronic Engineering Major  
 
Objective: 
Investigating the feasibility of a collaborative system with UAV and UGV pursuing common 
goal: 
 
A key motivation of autonomous robotics is to replace the physical presence of human to 
perform certain tasks within an unsafe and critical environment. This is a popular research area 
in the modern technology industry as many companies are greatly invested into furthering the 
bounds of autonomous systems. Modern autonomous ground robot usually navigates in an 
unknown environment using its onboard sensory data, but most of the current rangefinder 
sensor have its range limitation and are unable to detect anything beyond the first obstruction. 
Hence, it is impossible for a robot to be initially aware of the surrounding environment unless 
it is supplied a map of that area to localise itself. But tasks like rescue or tracking missions 
demands a system that is not dependent on human controller for a global map. An Unmanned 
Ariel Vehicle (UAV) can come to aid for the problem, with its capacity to provide the ground 
vehicle with a bird’s eye view. Using aerial images from the vision of the UAV a global map 
can be constructed for the ground vehicle. 
 
This paper presents a brief analysis on the design and the system pipeline on the researches 
done on the topic previously. Most of the previously proposed solutions failed to establish a 
system with an efficient workload distribution between the ground and aerial robot. This paper 
proposes a system that aims for a viable distribution of load where both components contribute 
effectively to reach a common goal. A prototype has been developed to demonstrate the 
efficiency and robustness of the proposed collaborative system. A DJI Spark was used as the 
UAV and a turtlebot3 as the ground robot to develop the prototype system. An android user 
interface has been included in the design to allow a level of control for the human user within 
the system. 
 
The developed collaborative system demonstrates the conversion of an aerial image taken by 
the drone to a 2D grid occupancy map. This map is then supplied to the ground robot which 
localizes itself using the provided map. The system is tested within a controlled mazed 
environment. The ground robot will enter the environment with no prior information on the 
environment and will rely on UAV for environmental data. 
 


