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Further Development of a Computer Program for Designing Shallow Foundations - (12cp) 

Jessica Alexander - S16-187 

 

Supervisor:  Hadi Khabbaz 

Assessor: Behzad Fatahi 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Soil settlement results from loads applied to the soil through a foundation.  For this reason it is 

important to be aware of what the settlement will be from the load to ensure that the serviceability 

criterion set for projects are met. However, the current methods used by  geotechnical engineers 

can result in a wide range of calculated settlements.  As differential and maximum settlements 

and currently stipulated in AS2870, it is important that the  calculations are accurate to ensure 

that shallow foundations are not over-designed. 

 

This project focuses on shallow foundation design and has two main components.  The first is a 

summary of the current methods used to calculate settlements and the development of these 

methods as well as the problems faced using these methods. 

 

The second component is the further development of a computer model previously designed by a 

fellow student.  The current model is a graphical user interface program which uses a limit state 

approach to the design of shallow foundations.  One of the current limitations of the program so 

far is that it does not incorporate settlement calculations.  This project has now included the 

settlement calculations, using the foundation designed from the original model. The resulting 

program is written in the MATLAB programming language and enables quick design of a shallow 

foundation, comparing both global factor of safety results and limit state approach results, before 

using these designs to determine and compare the differential and total settlement of both 

approaches. 
  



D/HD Capstone Project Abstracts- Autumn 2017 

  2 

Design and Development of an Auto-Closing Fire Rated Sliding Window - (12cp) 

Matthew Booth - S16-059 

 

Supervisor:  Terry Brown 

Assessor: Paul Walker 

Major:  Mechanical Engineering Major BEBBus and BEBSc 

 

 

The passive fire protection industry encapsulates a broad range of products and the need for these 

is specified for various building types by the Building Code of Australia. They are employed as 

passive systems that, when required, will activate and inhibit the spread of fire; thus acting as life 

and asset protection systems. While this is a multi-million dollar industry, Australians are very 

limited in choice when it comes to certain products such as fire rated windows. My industry 

partner for this project has identified a clear market for a new type of fire window. Accordingly, 

this project involved the design and development of a proof-of-concept prototype of a fire rated 

sliding window, which will be the first of its type in Australia. 

 

The window had to be designed to meet the relevant codes and standards, of which the factors 

that most heavily affected the design were; automatic closure in the event of a fire, and to be 

designed to withstand fire testing to AS1530.4. Although the fire test itself was not part of the 

scope for this project due to time constraints, testing temperatures of up to approximately 1050oC 

had to be taken into account and dictated many design choices for the project. As will be described 

in the report, the primary design components of the project included; material and frame selection, 

design of a heat-triggered closing mechanism, and due to its construction consisting of primarily 

steel, high weights had to be addressed to ensure ease of operation through the inclusion of a 

sliding aid. 

 

While this project focused on minimising production costs in order to maximise future profits of 

the window, this is a life-saving device and this requirement maintained top priority. Overall, all 

design objectives were addressed and a proof-of-concept prototype was successfully designed 

and manufactured. 
  



D/HD Capstone Project Abstracts- Autumn 2017 

  3 

Evaluate the Influence of Limestone Addition in Alkali-Silica Reaction Mitigation - (12cp) 

Joshua Brenner - S16-051 

 

Supervisor:  Vute Sirivivatnanon 

Assessor: Kirk Vessalas 

Major:  Civil Engineering Major BBEBBus and BEBsc 

 

 

A study has been undertaken to determine and evaluate the effects of having a higher percentage 

of limestone that replaces some of the Portland Cement in cement mixes. This study specifically 

focuses on the effect that this has on the Alkali Silica Reaction (ASR), the flexural and the 

compressive strength of our test samples. Severely limited research has been conducted anywhere 

in the world which evaluates the role that limestone plays in mitigating the Alkali-Silica Reaction 

and this study aims to bridge that gap.  

   

This experimental thesis has be constructed to conduct a comparative study of the properties 

exhibited by the various concrete specimens and has been conducted in two main stages as 

described below.  

  

The first stage of this project was to conduct an Accelerated Mortar Bar test (AMBT) with 18 

different cement mixes. The procedures for conducting and analysing the results for the AMBT 

was guided by Australian standards AS1141.60.1 There were 4 variables that were studied in 

order to give insights to guide this study. The variables were Limestone content (0%, 8% & 17%), 

Supplementary Cementitious Material Type (Fly Ash & Slag), Supplementary Cementitious 

material content (15% & 25% for Fly ash and 35% & 65% for Slag) and aggregate type (Basalt 

& Greywacke). 

  

Cements with higher limestone contents usually have an air entraining agent in them and as such, 

the second part of the project was to conduct testing to discover the flexural and compressive 

strengths of the samples in order to ensure that the results of this project can be compared with 

external studies. The flexural strength of the concrete specimens was tested in accordance with 

AS1012.11 and the compressive strength of the specimens was done in accordance with American 

standards ASTM C109/C109M.  

 

Results of this experiment show how in the long term, the effects of the ASR can be reduced 

when increased quantities of limestone are used. As previous literature suggests, this causes 

several characteristic changes such as a decrease in compressive and flexural strength. This can 

be mitigated through the effective use of both SCM’s tested resulting in a concrete mix that is 

both high strength and resistant to the deleterious effects caused by ASR. 
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Prototype of a Miniaturised Substation Protection & Control System - (12cp) 

Christopher Cabrera - A16-210 

 

Supervisor:  Peter McLean 

Assessor: Li Li 

Major:  Electrical Engineering Major BE and BEDipEngPrac 

 

 

Since the dawn of the electrical age, the expectation and demand for continuity of the power 

supply has only increased. The power sector is notably slow to adopt new technologies, choosing 

reliability above all other considerations. As technologies are improved, they are gradually 

incorporated into the grid, with a delay of approximately 20 years. Presently, the cutting edge of 

the power sector is the incorporation of devices compliant with the IEC61850 standard into the 

networks. This standard provides a framework for the tens of thousands of point to point 

protection wires to be replaced by a fibre optic pair for each protective device. With this change, 

the physical footprint required to house the protective relays is dramatically reduced. 

 

As these new relays are still physically discrete, there is a limit on the size this system can be 

reduced to. The next logical advance will be to virtualise the relay logic and use readily accessible 

computers from the mission critical server environment to further shrink the footprint and 

facilitate a transition away from hardware based reliability. My thesis investigated the feasibility 

of virtualising enough relays to run protection for one half of a 33/11kV substation. (1 HV feeder, 

1 Transformer, 4 LV feeders) Whilst not a massive technological leap, to my knowledge this has 

not been attempted before. 

 

I built a basic compliant IEC61850 Intelligent Equipment Device (Relay) and Measurement and 

Monitoring Unit (CB and Line CT or Bus VT). I then used these blocks to implement the 

aforementioned substation. The system worked perfectly, and the fundamental principle of using 

proven hardware and proven logic was demonstrated to be valid. However, the latencies intrinsic 

in emulating so many separate machines, even using type 1 processor virtualisation extensions 

was demonstrably too high. Whilst this barrier arguably does not exist on high end machines, the 

results demonstrated efficiency losses arising from emulation. These efficiency losses could be 

removed by running the relay logic as individual realtime processes on a single machine. 
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Sanding Line Automation - (12cp) 

Adrian Cheng - S16-191 

 

Supervisor:  Steven Su 

Assessor: Youguang Guo 

Major:  Electrical Engineering Major BE and BEDipEngPrac 

 

 

Automation has always been feared as the technology that will replace jobs and leave a large 

factor of Earth’s population unemployed. However, this is not always the case. By automating a 

subset of a manufacturing process, maintenance opportunities are opened up whilst maintaining 

the employment for the machine operation. 

 

Automation plays a big role in the manufacturing industry and its applications are almost 

limitless. Borg Manufacturing is a manufacturer of many different products and utilises 

automated processes for optimal efficiency and sustainability. 

 

Manufacturing involves a number of processes to transform raw materials into final products. 

This cannot be done without moving the product from one location to another. This particular 

process is the handling of materials and can be done through manual labour or automation. 

 

This project evolves around control systems and the automation of processes. The primary 

objective of this project is to automate the handling of material of the infeed and outfeed to a line 

of large sanding machines. The main products to be handled in this process are large raw boards 

or laminated medium density fibre (MDF) boards ranging from 2.4m long by 1.2m wide to 3.6m 

long by 1.2m wide with thicknesses between 18mm and 32mm. 

 

The automated process will be controlled by a SIEMENS Programmable Logic Controller (PLC) 

and involve using robotic arms to de-stack and stack raw boards and a number of conveyors 

equipped with variable speed drives (VSD) and sensory devices to handle the transference of 

material. The machine safety will be done through Actuator Sensor Interface (AS-I) devices and 

fixed safety guards. All electrical designing in this project will be done in accordance to the 

Australian Standard AS3000 and AS4024. 
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Beating Google Spectrum Database (Real-time Radio Spectrum Map) - (12cp) 

Jackie Cheung - S16-227 

 

Supervisor:  Diep Nguyen 

Assessor: Forest Zhu 

Major:  ICT Engineering major BE(Hons), BE(Hons) DipProfEngPrac 

 

The radio spectrum is a valuable finite resource that facilitates transmission of data, including 

broadcast television, FM radio, and wireless internetworking. As modern society becomes more 

reliant on technology and the number of connected devices rapidly grows, previously reserved 

spectrum bands are made available to meet this demand. However, this is only a temporary 

solution and the radio spectrum will eventually reach its capacity. This emphasises the need for 

effective management of the radio spectrum, otherwise problems such as congestion and lack of 

coverage may occur. 

 

Google has demonstrated their “Spectrum Database” product to be a potential solution to this 

issue. By collecting and analysing spectrum data, it is possible to show a map of areas with 

available spectrum “white-space”. This can greatly facilitate spectrum sharing, where unused 

frequency bands can be shared or leased off for purposes such as extending internet or cellular 

coverage to rural areas. The downside is that the Spectrum Database is currently only available 

in the USA, and methods to collect spectrum data across an entire country would be a costly 

operation. 

 

The goal of this project is to build a product based off Google’s Spectrum Database, which could 

be used anywhere around the world. The essence of the project revolves around the use of 

crowdsourcing and an RTL-SDR dongle, which can be purchased for as little as $15. Once a 

smartphone application is developed to interface with the dongle, it will be possible to record the 

radio spectrum anywhere around the world. A cloud web application allows spectrum data and 

white-space to be visualised on a “spectrum map”. 

With this project, we aim to pave the way for greater spectrum sharing worldwide, and facilitate 

future technology growth through modern ICT engineering technologies and concepts. 
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Flood Estimation of an Urban Catchment Using Monte Carlo Simulation - (12cp) 

Yuanwei Chua - S16-081 

 

Supervisor:  James Ball 

Assessor: Jaya Kandasamy 

Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 

 

 

This project involved the application and evaluation of a Monte Carlo simulation technique on 

Powells Creek, an urban catchment in Strathfield, Sydney, to estimate peak flood levels. This site 

was chosen for the amount of available data on past flood events in the catchment. 

 

Monte Carlo simulation is a general term describing a class of algorithms that rely on generating 

vast amounts of random trials and samples to find a solution. The type of Monte Carlo algorithm 

that this project used is a Genetic Algorithm. Genetic Algorithms (GAs) takes its inspiration from 

the theory of evolution’s concept of the "survival of the fittest". 

 

This approach mimics genetic evolution through exchange of genetic information and mutation. 

It first generates parameter sets ("gene sequences") for the catchment, runs simulations, ranks the 

best control parameter value combinations in comparison to real-world data, randomly crosses-

over ("cross breeding") and modifies ("mutation") the best parameter sets to create a new 

generation of parameter sets. The process iterates and each generation gets fitter. 

 

Feng and Ball (2007) applied this technique to evaluate spatially variable control parameters in a 

complex catchment model, and found that a real-value coding GA using multiple storms 

calibration could identify the most promising range of values. These range of values could be 

obtained with a uniform crossover operation, with the crossover and mutation probabilities set at 

0.75–0.90 and 0.01–0.1 respectively. 

 

This project aims to test the feasibility of this approach for flood estimation. The project's 

contribution to the engineering community is in seeking to validate a potential approach in flood 

estimation of high-dimensional, complex catchments. 
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Water Harvesting In Streets to Reduce the Urban Heat Island Effect - (12cp) 

Zarah Copeland - A16-297 

 

Supervisor:  Ali Saleh 

Assessor: James Ball 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

The Urban Heat Island Effect (UHIE) is the phenomenon wherein cities are warmer than their 

surroundings due to an increase in dark surfaces and built form. As investigated in this report, 

there are many consequences that affect millions of people living in our cities. Current road design 

consists of low-albedo, impervious surfaces which treats water as a waste product and increases 

street heat. Increased green space was identified as the most effective way to cool our streets 

without a heat penalty in Winter.  

 

Conventional street tree design does not provide sufficient water for trees, making it difficult to 

achieve an urban canopy. A new rain garden design was proposed to harvest runoff from roads to 

create optimal conditions for tree growth based on best practice in stormwater harvesting and 

UHI mitigation techniques from both literature and case studies.  

 

The proposed design contains innovations in the first flush and water storage to ensure full capture 

of rainfall events, delivering water to trees on both wet and dry days, not delivered by previous 

designs. When installed to promote mature urban canopy, this is an effective strategy to shade 

and thereby cool our roads. 

 

Hydrological and hydraulic modelling confirmed that the design will not fail in flood conditions 

and provides sufficient water to street trees throughout the year without extended dry periods. 

Geotechnical calculations confirmed that the design is structurally sound using a global factor of 

safety. Mathematical modelling confirmed that the proposed design meets Austroads’ water 

quality targets ensuring that trace metals are captured and filtered. 

 

If the proposed rain garden is utilised to increase vegetation cover by 50%, this could reduce 

temperatures by up to 4℃. Implementation on a city-wide scale could be a key part of a strategy 

to reduce temperatures in our cities and mitigate the UHIE. 
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Westconnex Stage 1B 900Mm Watermain Diversion: Review and Concept Design - (12cp) 

Matthew Cowcher - A17-014 

 

Supervisor:  Sherub Phuntsho 

Assessor: Leonard Tijing 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Westconnex Stage 1B refers to a road development project from Parramatta to Haberfield, 

involving the widening of the M4 and the creation of 5.5km of tunnels. Two of the road tunnels 

for Westconnex Stage 1B are being constructed for entry at Wattle Street, Haberfield. At the entry 

point, they would impact on approximately 40m of an existing 900mm diameter Cement Lined 

Ductile Iron watermain pipe. Because this main services approximately 12,000 people, it must be 

diverted to avoid these tunnels. 

 

Aecom provided a design for the deviation of the main. The length of the deviation of the main 

is 872m, has a total project cost of $14.1 million, and a total construction time of 8 months; the 

purpose of this project has been to critically review the suitability of Aecom’s design in regards 

to compliance to Sydney Waters standards, constructability, and cost. This analysis examined 

only major aspects of the project that had the greatest significance on its intended outcomes, such 

as the material, deviation location and joints. Based on that analysis, a concept design was 

developed for the deviation of the main, that better delivered the project outcomes. 

 

The result is a design that meets the project requirements, at an expected cost of $4.6 million, a 

deviation length of 390m, and a construction time of 5 months. From my analysis I have prepared 

a list of practices and recommendations that can be used in planning future major deviations for 

Sydney Waters assets, which have the potential to produce significant savings. 
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Three-Dimensional Simulation Of Soil-Structure Interaction Under Earthquake - (12cp) 

Yogie Darmawan - S16-198 

 

Supervisor:  Behzad Fatahi 

Assessor: Hadi Khabbaz 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Rapid development of construction in seismically active areas compels engineers to design a 

structure at this vulnerable location. The establishment of several mid-rise buildings with this 

constraint requires engineers to analyse soil and structure behavior as well as the neighboring 

area. Influence of the Soil-Structure Interaction (SSI) become a concern in the field of earthquake 

engineering as the existence of the slope close to the building may prove a significant impact to 

the adjacent structure especially with the presence of seismic loading.  

 

To investigate this effect comprehensively, comparative distance arrangements of 15-storey 

reinforced concrete building adjacent to the slope was modelled. Historical earthquake ground 

motion record is implemented as a seismic input to realistically produce the output. By using 

Plaxis 3D to perform numerical analysis of the model, the time histories generated by the seismic 

responses are used to compare the influence of lateral deflection, inter-storey drift, shear force, 

and rocking of the superstructure.  

 

To ensure the design safety and reliability of the model, the procedures regulated in engineering 

legal codes were applied and the 3D numerical modelling properties had previously been studied 

and verified by several researchers so the greater precision can be achieved. The seismic response 

of the superstructure was found to be varied in different cases due to various arrangements and 

the presence of the slope which was further contribute to the effect of SSI in the model. In 

addition, the generated output indicated that the slope existence may cause downsides to the 

seismic resistance of the soil and structure based on those arrangements. Therefore, the 

investigation to account for SSI must precisely evaluated, so the design conforms to the strength 

and serviceability requirement. 
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Design and Manufacture of A Printing System for A Multi-Material Resin Inkjet 3D-

Printer - (12cp) 

Nguyen Do - SM16-001 

 

Supervisor:  Michael Behrens 

Assessor: Marc Carmichael 

Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 

 

 

In recent years, use of additive manufacturing technology has taken a foothold due to the open 

source nature of fused-deposition modelling (FDM) 3D printers leading to low cost machines that 

are more easily accessed and used by greater society. However, there are accuracy and resolution 

limitations to FDM 3D printing. A resin inkjet printing system is capable of higher accuracy and 

resolution as well ability to manufacture using multiple materials with greater material 

manipulation and printing capabilities. Currently this 3D printing technology is limited to larger 

companies and research institutions due to the high costs of purchase and running costs of the 

machines.  

 

The goal of this project is to design and manufacture a printing system capable of depositing and 

curing resin for a 3D printer. The system would offer the high accuracy and multi-material 

capabilities of resin inkjet technology at a lower cost than what is currently commercially 

available. The Multifab project by Massachusetts Institute of Technology CSAIL was a research 

and development platform that proved that this technology could be implemented at a lower cost 

utilising printing heads from a desktop inkjet printer. This project builds on that foundation by 

using industrial inkjet print-heads, design and implementation of a curing module and a 

monitoring system for the material feed. 

 

The developments of this project has led to the increased knowledge of the capabilities of resin 

inkjet based additive manufacturing using off the shelf retrofitted components. The material feed 

system for an industrial inkjet print head has been designed and manufactured as well as an 

adjustable curing module capable of curing UV photopolymer resin. 
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Project and Solution Management in The Piling Industry - (12cp) 

Rohan Dubois - S16-086 

 

Supervisor:  Hadi Khabbaz 

Assessor: Behzad Fatahi 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Piling works always has potential risks that may arise during the construction process. Successful 

Project Management techniques includes the ability to identify likely risks, mitigate, and respond 

appropriately with a solution when incidents do occur. Risks can occur anywhere in the industry 

but previous research has highlighted that the major 3 concerns for piling works are: ground 

conditions, site access conditions and personnel. 

 

To highlight the piling issues in modern Australia, case studies have been used to emphasise the 

realistic concerns on site. These case studies have been obtained by the author through site visits 

and interviews and further case studies that have been assembled from previous research. Spread 

through different situations, the case studies intend to be used to depict a realistic deviation of 

concerns in the industry. Backed up by research in the literature review of basic piling and Project 

Management principles, the examples used in this document are aimed to be informative to the 

reader regarding real workplace situations. 

 

The research is summed up with an extensive look at potential areas for future study in areas 

related to foundation work, soil understanding, project management and project preparation. A 

Piling Works Checklist (PWC) is assembled, the PWC is a summary of research analysed 

throughout the document as issues to address during the design, implementation, and certification 

phases of the project piling works. The PWC is intended to be a resource that is applicable to the 

piling industry and act a quality and safety assurance document as projects progress. 
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Industry 4.0 – Operational Scenarios That Implement Industry 4.0 by Utilizing UAVS - 

(6cp) 

Bardia Emad - A17-322 

 

Supervisor:  Quang Ha 

Assessor: Ricardo Aguilera Echeverria 

Major:  C50007 V1 A1 Study Abroad Postgraduate 

 

 

Industry 4.0 is the current trend of automation and data exchange in manufacturing technologies. 

It combines modern production methods and communication technologies in real-time that 

anticipate significant improvements in all aspects of manufacturing processes. Industrial 

companies expect to become “Smart Factories”, however reorganization risks and machinery cost 

may defer or create resistance to the implementation process. 

An operational scenario in production was created after a comprehensive review of Industry 4.0 

and unmanned aerial vehicles (UAVs) case studies. Tecnomatix Plant Simulation was employed 

to simulate an algorithm that demonstrates the machine to machine communication and provides 

a dynamic selection for production processes in a time efficient and cost effective manner.  

This thesis will also provide a production layout that addresses the main advantages of utilizing 

UAVs including:  

• Faster transportation of goods by creating aerial fly zones  

• Decreasing ground activities  

• Increase flexibility in replacement of product parts  

• Detect inefficient or hazardous work flow of operators and machinery 

• Maintenance assistant: Support providing tools  

• Inspection of inaccessible areas 

This production layout demonstrates the concept of utilizing UAVs in production processes that 

can resolve the organizational and technological challenges of Industry 4.0, however, 

occupational safety for human machine interaction needs to be considered. This approach 

classifies risks through benefit analysis and provides examples of solutions. This thesis concludes 

with a foundation targeted towards implementation concepts for Industry 4.0 that utilize UAVs 

in production processes. Although, further research is necessary to investigate the complexities 

of the Industry 4.0 trend. 
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A Predictive Model for Deep Compaction - (12cp) 

Henry Errant - S16-008 

 

Supervisor:  Hadi Khabbaz 

Assessor: Behzad Fatahi 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Deep compaction is a ground improvement method used to increase the load bearing capacity and 

density of soil. It is often used when there are certain subsoil constraints that make other methods 

difficult to implement. Various types of deep compaction exist within in the construction industry 

with respective advantages and disadvantages, some of which include Dynamic Compaction 

(DC), Rapid Impact Compaction (RIC) and High Energy Roller Impact Compaction (HERIC). 

All deep compaction techniques generally involve the generation of a large impact force on the 

ground surface, compressing the soil around the impact zone. 

 

The concept of deep compaction is becoming an increasingly popular option for ground 

improvement as the technology surrounding the techniques improves. As plant and equipment 

used with deep compaction techniques becomes more efficient and compact, the initial cost and 

area constraints associated with this are reducing. Additionally the demand for extra space as the 

population increases is an ever present issue, meaning land that was previously thought unsuitable 

for construction can become suitable through the use of deep compaction. 

 

The purpose of this project is to provide everyday construction engineers with a tool that enables 

them to assess the effects and predict the outcome of deep compaction, more specifically Dynamic 

Compaction. The tool is to be created using a computer code with an easy to use Graphical User 

Interface (GUI), developed in MATLAB. The program allows the user to input data based on 

their site constraints and calculate the depth of improvement, radius of improvement and crater 

depth with the click of a button. The program was verified by completing hand calculations to 

confirm the results were correct. Additionally a parametric study was undertaken using the 

program to understand the effects of varying specific parameters of each calculation. 
  



D/HD Capstone Project Abstracts- Autumn 2017 

  15 

Influence of Cultural Diversity on Conflict Resolution - (12cp) 

Ali Faniad - A17-317 

 

Supervisor:  Hiyam Al-Kilidar 

Assessor: Unknown at time of publication 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

In the engineering field, as most projects are completed in teams, there are underlying factors that 

needs to be addressed by management for the team to function effectively. This factor is known 

to be the lack cultural diversity of the staff within project teams. Culture can be classified as “the 

characteristics and knowledge of a particular group of person/ people, defined by everything from 

language, religion and social habits” (Zimmermann 2015 pp 225). “The term “diversity” refers to 

the ideology that each individual is different from another” (Ferhusan 2010). Diversity refers to 

a broad spectrum of topics, which consist of age, culture, gender, culture and background 

(Fergusan 2010). 

 

The purpose of the study is to present a systematic review of the influence of cultural diversity 

on conflict resolution within small to medium enterprise. The method that was utilised to obtain 

results was that the interaction of a total of 6 participants of different cultural backgrounds within 

the same company were monitored. Based on the behavior of staff members, it was concluded 

whether the cause of the conflict, or absence of conflict, was due to cultural diversity. Based on 

this conclusion, a framework was developed to resolve conflict that arose due to cultural diversity. 

The framework was appropriately applied in each case study to review whether the framework is 

practical or not and whether it was an effective implementation, based on the scenario of the case 

study. 

 

The framework explores several strategies, which include various approaches to promote cultural 

diversity and to prevent cultural conflict before it occurs. In addition to this, if the implementation 

of the cultural diversity management system is unsuccessful, various other conflict resolution 

methods are proposed to prevent further propagation of the issue.  

 

It is hoped that this study and in particular the framework developed will inform Project Managers 

and Project Engineers about effective strategies to prevent and resolve conflict instigated by 

cultural differences. In future studies to increase the effectiveness and reliability of the results, it 

will be beneficial to increase the number of participants from a diverse range of engineering firms. 
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Design and Build the Frame and Motion Stage of a 3D Printer - (12cp) 

Nicola Fradellin - SM16-002 

 

Supervisor:  Michael Behrens 

Assessor: Marc Carmichael 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

3D printing technology has been developing and increasing in application significantly in the last 

decade, providing individuals with a convenient and quick prototyping method. However, an 

issue with many 3D printers on the market is their lack of structural modularity, limited print bed 

size and absence of multi material print capabilities. These features are generally limited to 

industrial applications and therefore incur large purchase costs, out of reach for many consumers.  

 

A limited amount of research has been conducted into affordable 3D multi material resin printers 

and several designs concepts have been produced, with varying levels of success. This Capstone 

project has been brought about via internal funding by the University of Technology, Sydney 

(UTS) with the aim to gather research and develop a functioning 3D printer that is based on the 

‘MultiFab’ design produced by Massachusetts Institute of Technology (MIT), making 

improvements to structural design and capability. 

 

The objective of this particular project was to design, develop and build the overall structure and 

XYZ motion components that make up the 3D printer. In order to achieve this, a thorough 

literature review was conducted to evaluate currently available products and past research 

projects. The capstone supervisor defined project design objectives based on research into resin 

3D printers and the Multifab research project. From this information, possible solutions were 

assessed and a final design was selected for Solidworks modelling, construction and testing. 

 

The constructed printer frame and motion stages are designed to utilise predominantly off-the-

shelf components in order to simplify construction and maintenance. Aluminium profiling 

provides the basis for mounting of all motors, hardware and electrical components to achieve a 

durable structure with modular capabilities. The completed printer provides a sound foundation 

for future testing and development.  Recommendations for future research directions have been 

suggested based on the completed assembly. 
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Construction And Design Aspects of Tunnelling Adjacent to Basements and Piled 

Foundations in Sydney’S Central Business District - (12cp) 

Robert Gibson - S16-038 

 

Supervisor:  Hadi Khabbaz 

Assessor: Behzad Fatahi 

Major:  Civil Engineering Major BBEBBus and BEBsc 

 

 

In congested cities like Sydney, competition for underground space escalates as assets, such as 

buildings, require geotechnical strength and support. A problem develops when piled foundations 

of high-rise buildings are subject to ground stress redistribution caused by tunnel construction 

which can lead to building damage. This study focuses on the risks of tunnelling beneath a 

structure with a special reference to Sydney’s Martin Place and how foundations are subject to 

additional loads caused by tunnelling. This type of study can enhance sustainable development 

by encouraging urban planning to consider the relationship existing buildings have with future 

underground infrastructure. 

 

The objective of this study is to improve the understanding of tunnel-rock-pile interactions and 

to encourage sustainable development. A finite element model was developed in PLAXIS 2D to 

predict how tunnel construction interacts with piled foundations. The tunnel, rock and pile 

components are separately studied and combined into a single model. The ground model, based 

characteristics of Hawkesbury Sandstone, is developed through a desktop study. Piles are 

designed using Australian Standards and observations of high rise buildings. Finally, tunnel 

construction is modelled based on construction sequences of tunnel boring machines. Once the 

components are combined, a parametric study on the relationship of tunnel location with 

basements and piles yield results  

 

Findings of this project show that tunnelling causes significant increases in the axial and flexural 

loads of piles where the additional loading exceeds the structural capacity of some piles when 

located near the basement walls. The parametric study demonstrates a relationship between tunnel 

depth and tunnel lining loads. However, the relationship of tunnel depth and induced pile loads is 

less convincing while the horizontal location of the tunnel shows some relationship with pile 

loads. Further research of tunnel-rock-pile interactions is recommended especially beneath 

basements to substantiate the results of this study. 
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Supervisor:  Behzad Fatahi 

Assessor: Hadi Khabbaz 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Columns are extensively used in the embankment construction where the ground soil is soft. 

Controlled Modulus Column (CMC) is one of the popular types among the columns due to its 

prominent support to the embankment in soft soil. CMC is made from rigid inclusions, such and 

it is considered as an innovative method that using CMC to improve the soft ground.  

 

The inclusions in CMC might be varied in different designs due to the diverse site environment 

or design requirements. The thesis is based on concrete CMC, applying different values to one 

parameter of the concrete can change the concrete properties. Therefore, in the situations of varied 

CMC parameters, the effects of CMC to the embankment might be different. To figure out if there 

are any influence caused by CMC with varied parameters, a CMC supported embankment model 

in soft soil is built by using PLAXIS 3D to conduct a parametric study on CMC. All the structures 

and parameters of soils are the same in all the models, except the one or a few parameters of CMC 

in each model are different. The analyses are based on the output data of the models. 

 

The thesis’s purpose is to analyse and discuss what influence can be made to the embankment 

when applying different parameters and standards to the CMC. Settlement of the embankment 

and the ground surface; axial force of the geosynthetic layer; column deflection, axial force, shear 

force and bending moment will be compared between different models. Analyses, discussion or 

deduction will be applied in the thesis if there are any influence caused by the parameters or 

standards. 
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Mobile Robot Localisation Using Beacons - (12cp) 

Jose Gunawarman - S16-225 

 

Supervisor:  Xun Wang 

Assessor: Jonathan Vitale 

Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 

 

 

This report investigated the viability of using Bluetooth beacons as a mean of a high-level 

localisation for a mobile robot in a dynamic environment and developed a working prototype. 

The popularity of robots presented in human environment has been increasing, yet a fully 

autonomous robot remains to be a rare occasion as there are many factors to be considered to 

allow them safely interact with human. Autonomous localisation and navigation are two 

important problems that require robust solutions. In order to overcome many of these complex 

problems, robots should acquire as much information as they can through various means of 

sensing. High-level localisation through the use of external devices such as beacons provides an 

additional sensing capability to the robot. This project evaluated a specific type of beacon namely 

Bluetooth beacons to acquire such information. 

 

In this report, three common method of indoor positioning was reviewed and evaluated for high-

level localisation purpose. Research method is discussed, along with evaluation criteria across 

four main categories: accuracy, repeatability, time delay and versatility, while both software and 

hardware option are selected as a control variable. Bluetooth beacons are assessed to see its 

viability in a given environment and to determine the most suitable parameters and calibration for 

the given environment. A working prototype was developed based on the selected indoor 

positioning method and tested on the previously calibrated Bluetooth beacons. Localisation result 

was reviewed with the four evaluation criteria. My result shows that Bluetooth beacons-based 

Trilateration is a suitable method for a high-level localisation under the right environment, yet it 

is not suitable as the sole method of localisation. It is however not a general purpose solution for 

all environments. 
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Applications of Desiccants in Solar Air Conditioning - (12cp) 

Christopher Hipsley - S16-030 

 

Supervisor:  Guang Hong 

Assessor: Phuoc Huynh 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

The energy consumption of buildings in developed countries account for between 20% to 40% of 

total worldwide energy consumption. Heating ventilation and air conditioning (HVAC) systems 

(in particular Air Handling Units) on average account for 40% of industrial site’s energy 

consumption. Not only are large amounts of energy being consumed by Desiccant dehumidifier 

air handling units, commonly they are neglecting to use the vastly available resource of solar 

energy. 

 

This capstone project was undertaken to investigate the applications of desiccants in solar air 

conditioning, as a means of using renewable energy and reducing the consumption of fossil fuels 

and costs, and to identify a system that maintains performance without sacrificing quality. As 

desiccant dehumidifiers are used in many industrial applications, in many different climates of 

the world, a study into the different applications of desiccant dehumidifying was undertaken, as 

well as using weather data from all over Australia adapted from ASHRAE. 

 

The major outcomes include the areas identified in the HVAC industry, in which desiccant 

dehumidifiers could be implemented into solar air conditioning, a prototype has been designed 

and made to show the ideas of the solar desiccant air handling unit. Data has been acquired from 

current solar desiccant projects that have already been implemented, and compared with 

commercially fitted desiccant dehumidifiers. The acquired data has been analysed to compare the 

performance of the solar desiccant dehumidifiers, in terms of efficiency, energy consumption and 

cost, to that of the conventional desiccant dehumidifier.  

 

The data shows that solar desiccant air handling units have a much higher initial capital cost than 

commercial desiccants, and on a large scale they are viable as they have a relatively low payback 

period. However, in the domestic market the scale is not big enough, and the capital outlay is not 

justified for the energy savings. 
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Sewer Wall Temperature Measurement System - (12cp) 

Nicholas Holdgate - S16-099 

 

Supervisor:  Sarath Kodagoda 

Assessor: Shoudong Huang 

Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 

 

 

The Centre for Autonomous Systems has partnered with Sydney Water to explore non-invasive, 

remote methods to monitor corrosion of sewer walls. Sulphide induced concrete corrosion is a 

severe problem for sewer infrastructure, and monitoring this corrosion requires the collection of 

physical samples. Remote, non-contact sensors offer a significant advantage over these methods, 

but must be adapted to withstand the sewer environment. 

A non-contact temperature sensor could establish a relationship between the surface temperature 

of the sewer walls and the rate of corrosion. An infrared radiometer had been chosen as the sensor 

for this purpose. This project aims to develop a system around this sensor to allow it to operate 

effectively in the adverse conditions of the sewers. 

The sewer environment presents a challenging environment for electronic equipment. One of the 

key issues affecting the radiometer is condensation on the lens, caused by high relative humidity. 

This water forms a barrier between the sensor and the target surface, preventing accurate 

measurements from being taken. 

This capstone project focuses on finding a solution to the condensation problem, the design of a 

device to accomplish this, and the development of a suitable test chamber to validate the chosen 

solution. An enclosure capable of maintaining a given internal temperature and humidity was 

designed and built to simulate some aspects of the sewer environment. The device developed to 

prevent condensation from forming uses resistive heating to heat the radiometer to a level above 

ambient temperature. This prevents the formation of condensation, and causes water from other 

sources to evaporate faster. 

This device was tested using the test chamber and found to successfully prevent condensation 

from forming in a high humidity environment. It is expected that the test chamber built during 

this project will be useful for other aspects of the sewer corrosion project. 
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Layout Of A Six Cylinder Boxer Engine Incorporating Motorcycle Donor Parts For A 

Lightweight Sports Car And Detail Design Of The Crankshaft Using Solidworks And 

MATLAB - (12cp) 

Matthew Hunter - S16-039 

 

Supervisor:  Bruce Pearson 

Assessor: Terry Brown 

Major:  Mechanical Engineering Major BEBBus and BEBSc 

 

 

This project was undertaken, foremost to investigate the feasibility of a six cylinder boxer type 

engine comprised of as many motorcycle engine parts as possible for the client, and to provide 

the client with an engine layout and detail design of the crankshaft with recommendations. From 

market research, it was determined that the project outcomes would be highly relevant to sports 

car enthusiasts, and also beneficial to the automotive industry by presenting alternative design 

options for the powertrain and by stimulating further innovation. 

 

Major stages in the project consisted of: research and preliminary analysis; layout and concept 

design; thermodynamic analysis; disassembly and measurement of a Daytona 675 engine; detail 

design of the crankshaft. The following customer needs were identified and constrained in the 

design: must fit within Porsche 904 compartment; must incorporate all possible components from 

the three cylinder Daytona 675, including the cylinder block; must be turbocharged; must be 

affordable. 

 

In-depth analysis of combustion was conducted to predict instantaneous gas properties and the 

onset of auto-ignition (knock). The significant challenge of turbocharging the high-speed, high-

compression ratio engine was overcome through retarding the ignition timing and modifying the 

fuel equivalence ratio over engine speed ranges.  

 

The detail design of the crankshaft was informed by stress, vibration and fatigue analysis using 

Solidworks and MATLAB programs. Fatigue strength of the crankshaft was required to achieve 

theoretical infinitely life. Great challenges arose in overcoming stress concentrations in the 

crankshaft due to the restricted spacing between crank throws so the Daytona cylinder blocks 

could be used. All the client’s needs could not be met. An expensive solution was presented, and 

also one that required a different, longer cylinder block. 

 

Further work is suggested to be done in detail design of the valve train and detail design of the 

engine block. 
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The Barriers and Opportunities for Women in Technical Roles in Developing Asia - (12cp) 
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Supervisor:  Igor Hawryszkiewycz 

Assessor: Kyeong Kang 

Major:  ICT Engineering major BE(Hons), BE(Hons) DipProfEngPrac 

 

The critical problem of lack of women in technical fields and also less employment of women in 

technical roles can be seen globally. This issue inhibits the economic development of both 

developing nations and developed countries and also leads to gender inequality.  This project aims 

to identify the current obstacles and opportunities for women in technical roles specifically in 

Cambodia. Although there is progress in Cambodia’s technology sector, there are only a few 

women that chose to pursue the education in technical courses and few are only involved in the 

technology field. There have been various efforts to countermeasure this problem nationally and 

globally; still, this issue prevails. 

The aim of this project is to determine the factor that causes less employment of women in 

technical felids and obstacles that women face in the technical fields in Cambodia. This research 

study also focuses on enablers to presence, growth, and leadership of women in the technical 

sector in Asia. The goal of this research study is also to facilitate the Engineers Without Borders 

(EWB) to engage women and recognize the best way to improve their participation in the 

technical sector. This will help to employ, retain and increase the participation of women in 

technical professions. The project also conducted the comparative study in Australian 

background.  

The literature review consisted of an extensive study of journal articles, country-specific reports, 

publications and websites. The research method included the interviews with field worker in 

Cambodia. The models employed to analyze the issue focused on the classification of collected 

information to identify key issues. These resulted in a framework that identified the key barriers 

and enablers for women in technical roles. Local engineering experts in Cambodia through EWB 

can also implement these suggestions. The project also provides recommendations and strategies 

that can be implemented by women to get employment in technical fields. The findings of this 

project can be employed as a reference by organizations, global firms and societies like Engineers 

Without Borders to improve women empowerment. To conclude, the project will create positive 

impact in Asia and also in humanitarian community 
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Capacity, Reinforcement and Cost of the Footings - (12cp) 

James Koro - S16-117 

 

Supervisor:  Hadi Khabbaz 
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Shallow foundations can transfer the load of structure to the near surface ground. Two main 

features of shallow foundations should be considered in design. They are geotechnical and 

structural aspects.   

Following on from a program developed to design the geotechnical aspects of a shallow 

foundation using a Limit State approach, this program aims to further progress that to incorporate 

the structural design of a shallow foundation as well as a cost breakdown of the construction of 

the final design output. 

Along with extensive research regarding geotechnical design, concrete design and structural 

design, this program will be developed using Microsoft Excel and specifically Visual Basic for 

Applications (VBA) which is the programming language for Microsoft Excel and other office 

programs.  

This program allows great flexibility in design and allows the variables of the depth of the footing 

and the type of reinforcement used, to be adjusted freely as this will make for a better learning 

experience for students and others to understand the effects they have on the overall design.  

This flexibility is also accompanied by the cost of the construction for that designed shallow 

foundation. Default rates have been set to calculate the costs, however the rates can be input by 

the user to allow a more accurate construction cost. This enables the user to see the resulting cost 

and then continue to adjust their design to reduce the cost and produce an efficient design which 

has become one of the most important factors in design. 
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This thesis investigates the development of a closed loop system using Electroactive Polymer 

technology (EAP) as both a sensor and an actuator. The application of EAP material as an actuator 

and a sensor have been well documented individually however has not been explored together in 

the form of a closed loop sensor-actuator system. 

  

Polypyrrole (PPy) EAP is a form of polyvinylidene fluride (PVDF) ionic polymer EAP material 

and was chosen for this project due to its documented application as an actuator and sensor, its 

availability and its low operation voltage for safety. An electrical control circuit was developed 

to characterise the actuation functionality of the material. A signal conditioning circuit was 

developed to characterise the deformation sensing functionality of the material. These circuits 

were then combined to develop a closed loop control system using an Arduino Mega 2560 

microcontroller to evaluate the performance of a PPy EAP material negative feedback system. 

  

Adequate actuation control was demonstrated with the developed control circuit along with a 

deformation characterisation however the force output of the PPy material used in this 

investigation was observed to be very limited. The sensor characterisation completed showed 

significant potential for PPy EAP to function as a deformation sensor. A strong relationship exists 

between deformation and signal output. The bandwidth of the sensor was sufficient to detect the 

sinusoidal deformation for the application of frequency detection. 

  

When combined into a closed loop feedback system the PPy EAP material was able to act as both 

a sensor and actuator and showed promising closed loop response. After characterising the 

material it was found that the actuation force was very limited however the EAP material showed 

promising results as a deformation sensor. This functionality has applications in systems that 

require very low footprint impact and have low actuation requirements. 
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Potential Benefits of Using Stormwater to Irrigate Street Trees - (12cp) 

Emma Lawton - S16-053 

 

Supervisor:  Ali Saleh 
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Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 

 

 

The increase in urban populations has led to increasing development and replacement of natural 

surfaces with impervious urban infrastructure. These restrict rainfall from its natural processes 

of infiltrating soil to replenish groundwater and providing water sources to trees and plants.  

Instead, rainfall over urban areas largely becomes stormwater runoff, collected into concrete 

pits, pipes and drains and discharged into natural water bodies. During this diversion, 

stormwater collects natural and manufactured pollutants, which disrupt the water quality, 

quantity, and aquatic fauna and flora habitats in these end bodies.  

 

Natural water treatment measures such as rain gardens and wetlands are increasingly used to 

capture and infiltrate stormwater and limit the runoff reaching traditional systems. The aim of 

this project is to assess the potential of such devices to capture stormwater for irrigation of street 

trees and gardens. This was achieved by evaluating the potential environmental, stormwater, 

financial, and social aspects, focusing on a trial garden located in the verge of 13 Oxford Street, 

Newtown.  

 

Analysis of this garden showed that sufficient water was captured to maintain the street tree 

adjacent to the garden, and that the stormwater quality was not substantially different from 

potable supply. The garden also assisted in retaining nutrients to the tree’s benefit, where they 

would otherwise pollute the end water body. However, the financial benefits were found to be 

not sufficient to cover the installation costs in any reasonable timeframe. A survey was 

undertaken of community views, which showed that residents were willing to have and maintain 

such a garden, although only a minority for purely stormwater reasons. Focus was also placed 

on the issues of the current design of the trial garden, with a modified design recommended. 

Further analysis is recommended over a larger number of gardens and locations to further 

quantify and qualify potential benefits.   
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Assessor: Yancheng Li 
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In many countries, the construction of new transport infrastructure is becoming less feasible. 

Research has therefore been conducted into intelligent transport systems (ITS) to increase the 

capacity of existing infrastructure. This report investigates how decentralized traffic management, 

specifically autonomous vehicles, can be utilized to reduce traffic congestion at priority junctions. 

It does this by developing a model to govern the behavior of autonomous vehicles (AV) as they 

approach intersections. 

 

The developed model was called the modified adaptive cruise control (MACC) model. The 

MACC is based on the enhanced intelligent driver model developed by Arne Kesting, Martin 

Treiber, and Dirk Helbing in 2010. The MACC works by slowing down a main stream vehicle to 

allow a waiting minor stream vehicle at the priority junction to enter the intersection. 

Simultaneously, the MACC will not allow the main stream vehicle to slow down too greatly such 

as to cause congestion in the main stream, the effect will be an overall reduction in traffic 

congestion. 

 

A simulation was developed to test the effectiveness of the MACC at varying percentages of AV 

penetration. The results showed the MACC was able to reduce traffic congestion by 11% at an 

AV penetration of 40%. However, further investigation will be required to address several issues 

that were identified during the course of this investigation in order to improve the MACC and the 

simulation. 
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The demand for higher performing concrete has significantly increased in the contemporary 

development of construction, across various sectors within both structural and civil engineering. 

The general consensus amongst both researchers and industry professionals alike is that there is 

a need to enhance the function of concrete, which can most effectively be achieved by 

implementing admixtures when pouring the required mix. The testing necessary for such samples 

is outlined in various specifications; with particular reference to AS/NZ 1478 (2005), BS/EN 480 

(2014) and ASTM C125.  

 

The current methods for design and testing in these standards are limiting in their ability to 

identify mineral-chemical reactions that result from combinations of admixtures. In most 

circumstances, however, it is the standards of the design area that dictate the requirements of the 

mix – for bridge design in Sydney NSW for instance, RMS specification R83, along with the 

project needs dictate the desired ratios of the elements within the formula.  

 

As there is a requirement for further empirical based research into this area, to facilitate the 

growing need for additional propriety products, an in-depth examination into the testing 

methodology and revision of the design standards are necessary. The primary section of this 

dissertation incorporates an evaluation of the varying methods of testing and designing to 

determine their respective strengths and drawbacks. A wide spread of experimental data from 

sample testing has been collated with the aim of providing a detailed and valid contrast between 

the models. A determination on their effectiveness in highlighting adverse consequences of 

mineral-chemical reactions of admixtures is then made.   

 

The findings of this thesis confirm that additional experimental data is required beyond the 

specified testing outlined in AS/NZ 1478, BS/EN 480 and ASTM C125, as these alone do not 

facilitate identification of negative effects as a result of multiple admixtures. 
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Assessor: Marc Carmichael 
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A critical challenge in mine expansion is the application of sprayed concrete reinforcement, 

known as shotcrete, to new tunnel headings. Conventionally, operators spray shotcrete from an 

extensible remote controlled boom. Shotcrete must be sprayed at a precise distance, normal to the 

rock face to a predefined thickness to reinforce the heading. Managing these variables and 

ensuring even coverage is a leading cause of human error. Errors can damage the boom or cause 

injury, and occasionally death. This project involves the development of systems to increase the 

quality of shotcrete deposition and reduce the risk to operators.  

 

The project has two key objectives. The first objective is to improve the mechanical design of an 

existing laser scanning device that is used to measure a tunnel heading before and after shotcrete 

spraying. The scanning device consists of a 2D laser scanner, which can estimate shotcrete 

thickness, in a ruggedized housing. The device hardware has been redesigned to integrate a 

number of improvements including weight savings, cost reduction, assembly simplification and 

ingress protection measures. 

 

The second objective is to initiate development of a software system to automate shotcrete 

deposition. This involves sensor selection and software design for a robotic shotcrete boom with 

five degrees of freedom, paired with data from the laser scanner. The software is currently capable 

of pose estimation, control and simple trajectory planning for the boom. Further work is needed 

to ensure that nozzle orientation consistently matches the tunnel profile found with the laser 

scanning device. 

 

Three prototypes of the scanning system have been fabricated using the designs from this project 

and deployed to mine sites across Australia for evaluation. The automation software system is 

undergoing testing on a full size boom simulator in Sydney. A set of recommendations for future 

work and ongoing development is included. 
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Surveillance and tracking human related activities including continuous fluctuating information 

have been existing from early times. Different ways have been witnessed including individual or 

group spying which later advanced with the aid of technology in to CCTV monitoring, GPS 

tracking, Telephone tapping and more. The importance of the whole process lies on the accuracy, 

ease of access and relevance of information gathered and delivered.   

 

The main purpose of the system is to be independent of the data source so that in the long run it 

can support multiple data sources. The key component of the proposed solution is Human 

Detection Algorithm subsystem. This sub-system receives video sequence on which the 

algorithms are applied to extract parameters including, human detected figures and information 

related to the human figures including size, identity, scenario involved in, approximate location 

and image snapshots.  

 

The collected and processed data is then pushed to a Cloud real time database, Firebase for 

immediate distribution to the client mobile application. Finally, this data is analysed to address 

specific children behaviour on the server and delivered to the client mobile application. The client 

application has two versions, an admin or tutor version and a parent version that supports data 

processing and communicating between the two versions. 

 

The client application is developed as an android mobile application that supports admin 

functionalities, data presentation, immediate notifications and communication functionalities. 

The application is built with Android’s design principles and utilising most of the open source 

Firebase and Google cloud tools that include Firebase Authentication services, Firebase cloud 

Messaging, Google App Scripts, Google Cloud Functions and other image and media processing 

APIs and libraries. The application can be further investigated in the future to support IoT 

(Internet of Things) tools and wireless sensor network to collect the most direct and accurate data 

from desired areas. 
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Common practice to inspect and clean submerged bridge pylons, uses trained divers. This can be 

a dangerous task and is a key motivation for the Centre for Autonomous Systems (CAS) to 

develop their Submerged Pylon Inspection Robot (SPIR). This semi-autonomous robot can be 

placed in dangerous aquatic conditions inspect submerged bridge pylons for damage and clean 

them from marine growth. 

This capstone project investigates part of the current prototype (SPIR 2), the 6 DOF, high-

pressure water blasting arm. Specifically, this project investigates the offset and angle of the 

blasting nozzle mounting to the end of the blasting arm, and looks to optimise these design 

parameters to benefit the related hardware and control algorithms. 

Two key objective functions are taken into consideration during the investigation of the blaster 

mount. 

1. Manipulability –Expresses the ease at which the end effector of a manipulator can move 

in any given direction. 

2. Joint torques – The torque created on all six joints of the blasting arm due to the reaction 

force of the blasting nozzle. 

The aim is to design a blasting nozzle mount, who’s dimensions maximise the manipulability 

(allowing for better motion control), while minimising the joint torques (to reduce stresses on 

joints, gears and motors). 

The key findings conclude that the largest practical offset, with no angle are optimal. However, 

they also suggest that other factors such as the workspace distance from the manipulator base and 

path planning need to be considered further, as these have a significant impact on the objective 

functions. 
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Genetic disorder diseases have affected several individuals’ lifestyles worldwide. Gene therapy 

has been considered as a capable and critical cure for several developed and inherited life-

threatening diseases (Guo and Huang, 2011). Nucleic acid molecule used to suppress the 

symptoms of the diseases and to silence gene expression by arresting the disease-causing genes. 

Nevertheless, the efficient supply of the nucleic acid is a difficult task.  

 

There are already delivery systems in the market regarding gene knockdown technology, however 

none of them are specifically targeting the affected areas. In order to achieve an effective gene 

therapy, developing a suitable delivery vector is required. As Guo and Huang (2011) mentioned 

that the efficiency of a nucleic acid drug needs to be delivered to the target cell’s interior. Hence, 

efficient delivery of nucleic acid can be reached by receptor-mediated delivery of nucleic acid 

using targeting glycopolymers. Glycopolymers are polymers that have very strong binding 

capabilities with cell receptors because of their multivalent interfaces between the sugar-repeating 

unit from the glycopolymers and the cell surface receptors. 

 

The purpose of this project was to study the binding between fructose and galactose based 

glycopolymers and nucleic acid. A new DNA was developed to test the binding efficiency with 

the glycopolymers using gel retardation assay. The balance between appropriate extracellular 

protection and intracellular release of nucleic acids is an important factor for effective gene 

delivery. Hence, heparin competitive assay was performed to study the DNA release of the 

polyplexes. 
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The easy walker for domestic canine animals project was conducted to design a new, humane 

style of dog training collar as a risk management tool targeted at larger pet dogs. It aims to make 

going for a walk safer and more enjoyable for both handler and dog. It will give the handler more 

control and most importantly reduce the effect of pull forces. It has been observed that dogs can 

get very excited, exerting sudden intense; often unexpected pulling forces which can be very 

dangerous resulting in unintended injury to handler, nearby children playing, older people or other 

animals. This device aims to increase safety, thus protecting the community from uncontrolled 

pets. It targets a problem faced by many trainers with young dogs and there are very few solutions 

available that are suitable to uses while training and give handlers the required control to manager 

their animal. 

 

In order to develop a suitable design extensive research was conducted with the intent of 

understanding the underlying causes associated with dogs developing a sudden intense pulling 

force in an instant in time. This was done through both primary observation and secondary data. 

The researched yielded that sudden intense pulling could be caused by excitement, aggression or 

fear. Practical testing was conducted to determine forces being generated when pulling.  

 

With this knowledge, several mechanical devices/concepts were considered as the major design 

element to reduce the effect of forces. These include flywheels, magnetic repulsion, magnetic 

induction, springs and pulleys. From this a few promising designs were developed; after some 

quantitative and qualitative analysis, many were rejected as they wouldn’t work or in order to 

work didn’t adhere to specific design parameters such as weight, size or have a suitable 

appearance so that it would be practical to use and appeal to the target audience. Most 

fundamentally the design should be considered as humane to canines and not cause significant 

distress. 

 

The final design settled on is concept validation that a device can be produced that can be used 

as a potential risk management tool which can effectively absorb the force developed by the 

canine by creating a mechanical advantage to dampen the forces generated. 
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Investigation, Review and Modification of Aircraft Access Stairs and Their Storage in 

Response To The Brisbane Storm Incident Of November 2016 - (6cp) 

Kathryn Murray - A17-006 

 

Supervisor:  Terry Brown 

Assessor: JC Ji 

Major:  CBK90053 No specified major BE and Bachelor of Arts in International Studies 

 

 

In November 2016, a supercell storm hit Brisbane Airport generating wind gusts up to 157 km/h. 

These wind conditions caused many loose items around the airport to be blown around, 

specifically the aircraft passenger boarding stairs and aircraft maintenance access stairs. These 

airborne items caused significant damage to nearby aircraft and ground support equipment. This 

project came about in response to the storm and in partnership with Qantas Airways to investigate 

the incident and to find a solution that would prevent a reoccurrence of these damages in any 

future storm events.  

The project was undertaken in several key stages starting with an investigation into the incident 

and all of the contributing factors that lead to the failure of the stairs locking and braking 

mechanisms. After this initial incident investigation the project then focused specifically on the 

locations of Brisbane Airport and Sydney Airport to perform a review of the current operating 

procedures, storage locations, stair types and stair locking and braking mechanisms. After this 

review it was concluded that all of the current stair locking and braking mechanisms meet the 

relevant standards and requirements. It was determined that there were no tethering systems used 

across the aviation industry for aircraft access stairs or ground support equipment.  

The final section of this project consists of research and development undertaken to design a 

tethering system for aircraft access stairs that is easily adaptable to be implemented into any 

airport and their operations. This tethering system is to be used in storm and high wind events 

and can also be adopted into current regular operations as added security in the event of 

unexpected high wind gusts. This tethering system could also be adapted for use with other 

ground support equipment that requires the extra security of tethering during high wind events. 
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Mobile Shake Table Rig - (12cp) 

Thach Nguyen Nguyen - S16-122 

 

Supervisor:  Shoudong Huang 

Assessor: Sarath Kodagoda 

Major:  Mechanical and Mechatronic Engineering Major BE and BEDipEngPrac 

 

 

The Mobile Shake Table Rig is a sophisticated dynamics experiment located within the UTS 

Remotelab. UTS Remotelab experiments enable students to remotely control equipment and 

conduct online experiments across the majority of engineering and science discipline – anytime, 

anywhere, using equipment that is normally unavailable due to cost, safety concerns and logistics. 

 

This project aims to improve the Mobile Shake Table Rig by making it more maintainable, 

repeatable and efficient. There are two main components that have been focused on. These are 

the “Constant Current Coil Driver” and the “Scotch-Yoke Mechanism”.  

 

Designs were improved by applying theoretical analysis, such as wear rate calculations, material 

property calculations and thermal resistance calculations. Components and assemblies were 

designed using the Dassault Systèmes SolidWorks 2016 Computer Aided Design (CAD) package 

and KiCad 4.0.6 Electronic Design Automation (EDA) package. 

 

Components were manufactured using CNC machining processes and external manufacturing 

services (OSHPark) and assembled at UTS within the Remotelab. 

 

After manufacturing and assembly – testing, data collection and analysis/evaluation was 

undertaken to ensure that the key design requirements such as no overheating components on the 

PCB, microcontroller and remote (Ethernet) control of the current output, better wear-rate and 

reducing the number of maintenance as well as quick assemble-disassemble on the mechanism, 

had been met. 

 

The result is that the Mobile Shake Table Rig now has a simpler and more maintainable Scotch 

Yoke Mechanism, with improved accuracy due to the design principles used. Additionally, a more 

efficient, compact and reliable Constant Current Coil Driver has been proven – with operation 

possible via Ethernet control. 
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Design and Assembly of 3D Scanning Module for Multi-Material 3D Printer - (12cp) 

Alexander Okada - A17-002 

 

Supervisor:  Michael Behrens 

Assessor: Don Bone 

Major:  Mechanical Engineering Major BEBADipEngPrac 

 

 

The success of the Computational Fabrication Group’s fabrication of the ‘Multi-Fab’ 3D printer 

inspired the Rapido team at UTS to fund a group of engineering students to build their own 

customisable multi-material 3D printer for future research.  

 

One of the features of the ‘Multi-Fab’ 3D printer is the inbuilt 3D scanner. The scanner’s purpose 

is to self-correct the printing process to minimise the printing of faulty parts. This is achieved by 

scanning a recently printed layer to check for any discrepancies by comparing the scanned layer 

with the desired CAD model. When a discrepancy is found, the central computer sends the 

appropriate signal to the print head to rectify the faults in the upcoming printing process. For 

example, if there are any low spots in the printed layer, the print head will print an extra layer in 

order to compensate for the low spot, and avoid printing an area if a high spot is detected.  

 

This project consisted of designing, building and testing the 3D scanner. First, a literature review 

was conducted in order to understand the principle workings of Optical Coherence Tomography, 

(OCT) which is an interferometry technique that is utilised for the 3D scanner. After 

understanding the principles and the working of the scanner, the appropriate hardware for the 

scanner were selected and ordered. After successfully assembling the 3D scanner, the scanner 

was tested by scanning a coin to test the imaging results.        

 

The test results are promising, as the scanned images provide sufficient data to measure the 

thickness of a given sample. 
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Feasibility of Waste Consolidation through Vibration - (12cp) 

Matthew Organ - S16-087 

 

Supervisor:  Zhen Luo 

Assessor: Dongbin Wei 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

The Capstone project presents a feasibility study for the innovation of applying vibration to 

induce waste consolidation upon fixed volume waste containers used within the construction 

industry. The feasibility study considers the performance and financial aspects of the innovation 

and presents suggested future areas of research to continue the development of the concept. 

 

Consolidating waste within skip bins offers both financial and productivity benefits to the builder. 

The cost savings are associated with increasing the waste density through vibration. This reduces 

the total volume of waste containers required saving the builder and client money. Productivity 

increases are gained through the automated process facilitating the better use of labor and fewer 

number of skip bins required on site. 

 

The performance study outlines the theoretical and experimental progression of the innovation 

and concludes with a proof of concept experiment. A theoretical model of the skip bin was 

developed in ANSYS and was verified against experimental results. The final model presented a 

skip bin which considered the dampening induced from the waste material. The proof of concept 

experiment quantified the waste consolidation through vibration by measuring the free volume 

change and provided discussion regarding the results obtained.  

 

The financial study presented a simple breakeven analysis where the estimated cost of 

manufacture was compared against the value adding potential of the innovation. The value adding 

potential was based off the results of the proof of concept experiment and the manufacture cost 

was developed from a high-level bill of materials. 

 

Suggested future areas of research are presented to further the research into the innovation. The 

feasibility conclusion showed at this early stage, the innovation has merit for continued research 

due to the financial pay back and performance results. 
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Investigating How Infrastructure Projects Could Be More Resilient To Climate Change - 

(12cp) 

Antenet Outschoorn - S16-114 

 

Supervisor:  Saravanamuth Vigneswaran 

Assessor: Vinh Nguyen 

Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 

 

Confronting climate change is the biggest challenge of 21st century with the majority of climate 

scientist warning of catastrophic consequences, proven through the increasing number of extreme 

weather events. The question comes down to what does climate change mean for our region and 

the infrastructure projects across Australia? To prepare for the worst, the first step is to understand 

climate change, both its impacts and consequences, only then we could begin to become resilient 

to climate change. 

  

The services provided by infrastructure systems are in place for decades, therefore it influences 

the future local and regional development, and the economic growth of Australia. Thus, it is 

important that infrastructures are planned, designed, built and maintained to be resilient in 

response to climate change in the short-term as well as the long-term ((IRG), 2013).  

  

The objective of this report is to research into current management of climate adaptation, and 

existing National Climate Adaptation Framework, National Climate Resilience and Adaptation 

Strategy. This report focuses on analysing various 'Transportation Infrastructure Projects' across 

Australia to examine what action plans are placed within the project; and what this covers in terms 

of impact as result of climate change. 

 

In terms of infrastructure projects, the types of action plan normally added to a project depends 

on the significance of the long-life assets. The NorthConnex project in NSW used a ‘Climate 

Change Risk Assessment’ as an action plan towards climate change. The risks and impacts 

associated with climate change was included with the Environmental Impact Statement (EIS). 

This Climate Change Risk Assessment is conducted according to the AS/NZ ISO 31000:2009 

Standards and the Climate Change Impacts & Risks Management. There is also a guide for 

Business and Government namely the AS5334 Climate Change Adaptation for Settlements and 

Infrastructure. 

  

However, to further improve these adaptive measures, the implementation of climate-resilient 

development strategies should assess the ‘climate vulnerability’ both at local and regional-level 

of an infrastructure project. Also, incorporating these strategies into the whole project cycle until 

completion of the project instead of just including it under the Environmental Impact Statement, 

will guarantee the efficiency and resilience of investments in the infrastructure projects. 
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CNC Brake Press: for Home Manufacturing - (12cp) 

Thomas Pemberton - S16-164 

 

Supervisor:  Bruce Pearson 

Assessor: Bruce Moulton 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

In the last 10 years, the hobbyist/home manufacturing market has seen a rapid expansion in both 

the number of people becoming involved, as well as the capability and performance of the various 

CNC machines. The market is currently saturated with machines that can make 2D or even 3D 

parts but, to date, there exists no cost-effective CNC bending machine that can turn 2D parts into 

bent 3D objects. A large second-hand industrial bending machine such as a brake press usually 

cost upwards of $10,000 for a 15+ year-old machine 

 

The aim of the project was to design, prototype and test a CNC brake press that could be 

manufactured and sold to the customer for significantly less than existing CNC bending systems. 

The scope of this project has included the Finite Element Analysis (FEA) of the subframe, 

bending system, the designing and optimisation of the various electro-mechanical systems and 

manufacturing a variety of specialised parts using the most appropriate components.  It has also 

required the designing and building of a user interface/operating system as well as testing and 

validating the performance of the machine.  

 

The resulting prototype is a brake press with a raw material cost of less than $1700 (before 

economies of scale).It is Capable of providing 7 tonnes of bending force, an average bend angle 

accuracy of +/- 0.6° in the 90°-150° range, an easily programmable touch screen user interface 

and a consistent bend depth accuracy of +/- 0.1mm. With further development, the designed brake 

press shows a lot of potential to capitalise on the known gap in the market. 
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Android Application That Interacts With Environmental Loggers Using Bluetooth And 

Cloud Services- (12cp) 

Michelle Quaglia - S16-072 

 

Supervisor:  Catherine Killen 

Assessor: Julia Prior 

Major:  CBK90010 No specified Major BE and BEDipEngPrac 
 

 

The Australian agricultural technology sector is on the precipice of immense growth and change, 

with advances in digital technology bringing countless opportunities for improved industry 

outputs. With agriculture tipped to become Australia’s next $100BN industry, embracing digital 

technology has never been more important for our country’s continued success. Over the coming 

decades, the Internet of Things (IoT) and precision agriculture will re-shape the way farmers 

make decisions to get the most from their land, crops and livestock.  Advances in technology and 

analytics will fuel decisions that ultimately lower costs and increase yields.  

 

Engineering companies develop sophisticated environmental telemetry networks consisting of 

sensors, environmental loggers, data hubs, communications and cloud services, connecting 

previously independent objects in a web of newfound productivity. Data from these networks is 

profoundly increasing farmers’ ability to make strategic choices regarding irrigation, harvesting, 

planting and more. 

 

For companies such as my place of work - Dosec Design, installing and accessing these networks 

can be costly, time consuming and technical. Often, equipment is mounted on tall masts, in hard 

to access locations with little or no cellular reception. Furthermore, interfacing to these networks 

may require a laptop, cables and additional RF technology. 

  

After working with this environmental equipment, I realised my company lacked a wireless link 

to the environmental loggers. For this reason, I proposed the development of an Android 

application that communicates with the environmental loggers over Bluetooth, minimising 

physical interaction with equipment. Configuring and viewing live logger data over Bluetooth 

greatly simplifies installations, allowing instant interaction with equipment. The developed 

application also provides a link to the cloud-hosted server maintaining historical instrument data. 

This allows the user to view and graph data relevant to their account on their Android device.  

 

This application offers a product with both commercial potential and technical usefulness in an 

agricultural environment. 
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Beating the Google Spectrum Database- (12cp) 

Anthony Quan - S16-226 

 

Supervisor:  Diep Nguyen 

Assessor: Forest Zhu 

Major:  ICT Engineering major BE(Hons), BE(Hons) DipProfEngPrac 

 

 

We live in a world with limited resources. The radio spectrum is one such resource used by all 

wireless devices. Wireless devices occupy a small band of frequencies on the spectrum to send 

and transmit data wirelessly. However, with the rise of wireless devices being used from drones, 

the Internet of Things (IoT), smart devices to mobile networks, it is becoming more and more 

necessary to best utilise the limited spectrum. To that end, the Google Spectrum Database 

illustrates available and used radio spectrum throughout the United States. However, an 

Australian alternative does not yet exist. The goal of this capstone is to provide a more robust and 

cost effective alternative to the Google Spectrum Database not limited to the United States.  

 

To accomplish this goal, we have built an Android mobile application, Spectrum Recorder, for 

crowd sourcing spectrum data across Australia. The mobile app leverages off inexpensive Realtek 

Software Defined Radio (RTL SDR) dongles to record the spectrum and inbuilt GPS and altitude 

sensors in mobiles to record location data. Together the spectrum and location readings are stored 

in a scalable cloud based backend. Lastly, an online web application, Real-time Radio Spectrum 

Map, was built to utilise the crowd sourced readings to clearly visualise the available and used 

spectrum throughout Australia using modern charting technologies.  

 

Our solution improves on the Google Spectrum Database by providing a real-time spectrum 

monitoring system with on demand spectrum readings carried out by a crowd sourced mobile 

application. Additionally, we address the geographical limitation of the Google Spectrum 

Database by providing industry and government regulators a simple holistic view of the available 

and used spectrum across Australia and internationally if need be. 
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Development of a Program to Design the Reinforcement of a Reinforced Soil Wall- (12cp) 

Joseph Saad Tannous - S16-209 

 

Supervisor:  Hadi Khabbaz 

Assessor: Behzad Fatahi 

Major:  Civil Engineering Major BE and BEDipEngPrac 

 

 

Reinforced soil structures has existed for hundreds of years, Reinforced Soil Wall (RSW) is a 

composite structure that is adopted to replace other retaining structures for various reasons, 

mainly site geology, structure use and cost consideration. The structure is a combination of natural 

materials this is the reinforced soil, and artificial materials such as facing panels and 

reinforcements which can be extensible (Geosynthetic) or inextensible (Steel Reinforcement). 

 

The concept of reinforced soil structures which is introducing reinforcement materials to increase 

the technical properties of the soil has remained the same over the years, what has changed is the 

materials used within the structure. An example of a RSW is the Great Wall of China, which is a 

double-sided wall reinforced with Tamarisk Branches. With the introduction of new 

reinforcement materials with known properties, and the design methods that have been developed 

over the years, the reinforcement dimensions can be designed through a long calculation process, 

which in turn can be time consuming when calculated manually. 

 

The purpose of this project is to compute the dimensions of inextensible reinforcements, this was 

achievable by developing a graphical user interface, using Visual Basic. The program allows the 

user to input the wall, pavement and bridge deck dimensions, soil properties, safety factors 

desired, facing shape and its dimensions, and inextensible reinforcement shape. Computing the 

input data, the program will generate a summary of the final reinforcement dimensions and a table 

that shows the layers of reinforcements. The results of the program were verified by computing a 

design example using Microsoft Excel. The Program have the option of choosing the extensible 

reinforcement option, however, the computation of this type of reinforcement has not been 

encoded. 
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An Investigation into the Structural Design Capabilities of Fibre Reinforced Polymer 3D 

Printed Components- (12cp) 

Stefano Sanfilippo - S16-055 

 

Supervisor:  Terry Brown 

Assessor: Jon O'Neill 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

The use of 3D printed components in structural applications has remained limited by the reduced 

mechanical properties of polymers and the much higher costs of metal 3D printing. Recent 

developments in fibre reinforced 3D printing present a possible solution. The ability to print fibre 

reinforcement concurrently with the base polymer allows for the possibility to use low-cost 3D 

printing technology for structurally significant prototyping and end-use applications. 

 

This project aims to investigate the structural design capabilities of carbon fibre reinforced plastic 

(CFRP) 3D-printed components. In particular, the new continuous and fused-filament deposition 

technology developed by Markforged in their Mark Two 3D printer. The specific capacity of 

CFRP is one of the key factors which makes it so useful in the aerospace and high-end automotive 

applications. This capacity enables designers to reduce the weight of the component while still 

maintaining or even improving its strength. 

 

Mechanical testing has been performed as part of this project to establish the mechanical 

properties of printed specimens in the various fibre orientations available to end users. Sandwich 

plate specimens were tested in 4-point bending to determine the true flexural properties of the 

material. Testing issues and challenges and how they were overcome are detailed in this report. 

Furthermore, computer modelled configurations are also simulated in FEA analysis and used to 

further explore the suitability of the 3D printed material. 

 

The primary outcomes of the project are that the 3D printed CFRP specimens presented a good 

correlation with theoretical material data and calculations. However, internal and surface 

imperfections within the printed specimens impact their properties and the location of faults. This 

report also provides recommendations for end-use component design and testing, including cyclic 

lab testing and physical field testing, whereby the full benefits of this technology can be further 

developed. 
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Water Quality Monitoring Using Unmanned Aerial Vehicle (UAV) - (12cp) 

Shallu - S16-199 

 

Supervisor:  Gengfa Fang 

Assessor: Forest Zhu 

Major:  ICT Engineering major BE(Hons), BE(Hons) DipProfEngPrac 

 

 

Water quality monitoring is a growing challenge today due to the industrial and commercial 

activities, which is sending a number of chemicals to water bodies and increasing its toxicity. 

Traditional methods used for water quality monitoring are time and labour intensive, due to which 

measuring water quality for large water bodies or at a long distance get quite difficult and 

expensive. Satellite images have been used to measure some parameters but in this method, as 

well resolution of the pictures does not help to determine water quality accurately. 

  

UAV (Unmanned Aerial Vehicle) or Drones are been currently used for monitoring water quality 

through the images which are clicked by it. With the use of drones, it is quite inexpensive to 

determine water quality. It is also the same way of testing as used with satellite images but with 

improved resolution. Prediction can be different from reality, so through this project, a new way 

will be introduced. 

  

This project aims to introduce and design a new way to determine water quality using drones. 

Drone’s design will include a storage container to bring the water sample from the site, which 

will then be tested in the labs to determine its water quality. For implementation purposes, this 

project will require Virtual machine platform where the drone’s back system will be monitored 

for its mission (the mission to bring the water sample from the water body). 

  

The development of this capstone project will demonstrate various research techniques and steps 

for the new method to determine water quality. Also, this project will serve as a new venture for 

the introduction of a new method where an exact sample will be used instead of the predictions 

by images. Further development of the system could include the use of parameter testing sensors, 

which will determine water quality on the site and update through the wireless connection to the 

backend system. 
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Electronic nose - (6cp) 

Sheng Shen - A17-009 

 

Supervisor:  Steven Su 

Assessor: Youguang Guo 

Major:  ICT Engineering major BE(Hons), BE(Hons) DipProfEngPrac 

 

 

This project named ‘Electronic Nose’ involves the process of gas identification with responses 

from a few sensors when an unknown gas goes through the system. The problem I am trying to 

solve was to find out the feature classification based on abundant experimental data from the 

Electronic Nose’s detection for two kinds of known perfumes, which is expected to further apply 

to identify unknown ones. 

 

The purpose of this research is to introduce one feasible approach I adopt to detect gases which 

can be applied in this project. The results obtained in this research include a hidden Markov model 

trained for the sensors in the project to detect and identify gases, abundant experimental data 

related to two types of specific perfumes, the waveform regarding voltage changes during the 

responses from sensors, analysis and the process of identification of features classification.  

 

The impacts of our obtained results are considerable options available for the further work of the 

whole ‘Electronic Nose’ project. Hidden Markov model is applied to explain the curve changes 

of voltage and find out the unknown and potential factors from exist experimental data mentioned 

above. Some features can be proposed from function drew by the curves of voltage changes. 
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Reverse Osmosis Brine Management - (12cp) 

Lovdeep Singh - A17-028 

 

Supervisor:  Ali Altaee 

Assessor: Saravanamuth Vingeswaran 

Major:  Civil Engineering 

 

 

Humans have been looking at alternative means of producing freshwater due to demands placed 

on natural sources by climate change, water contamination and increasing populations. With only 

2.5% of Earth’s water being freshwater, there is a necessity to investigate and utilise alternative 

means of producing freshwater. The process of desalination is one that has increasingly been 

adopted on a global scale to address the current crisis of diminishing freshwater supply due to its 

potential to produce continuous and significant quantities for consumption. However, the 

associated impacts of desalination activities on the environment, particularly marine ecosystems, 

raises concerns and arguments against the construction of desalination plants. These arguments 

centre on the environmental impact of brine which is discharged into the ocean after the 

desalination process. The impact of brine is primarily due to the presence of increased salinity 

concentrations, decreased oxygen levels and chemical additives to aid in the desalination process. 

These components can have considerable influence over the growth and reproductive 

characteristics of marine species, amongst other traits. This report focuses on the issues associated 

with brine produced through various desalination methods, particularly reverse osmosis, and how 

its impacts can be neglected on an environmental scale. A number of alternative brine disposal 

measures have been investigated in this report, as well as changes to the desalination process 

which could improve the quality of the brine that is being discharged from the plant to lessen the 

impact. These methods include the use of multiport diffusers, deep well injection, land 

application, discharge to an existing wastewater plant, solar evaporation ponds, zero liquid 

discharge, ultrafiltration, nanofiltration, forward osmosis, and commercial salt recovery. 
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A Preliminary Investigation into the Use of Paw Print and Video Recording to Record and 

Analyse Greyhound Motion- (12cp) 

Joshua Sudjaja - S16-078 

 

Supervisor:  David Eager 

Assessor: Hasti Hayati 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

Greyhounds are athletic dogs capable of running at speeds of up to 64 km/h. Their method of 

propulsion, a double suspension gallop, is a topic of interest in that it defines the greyhound for 

its speed as it potentially exposes the greyhounds to a large number of injuries. 

 

This project presents the recording of greyhounds during racing using video capture in two 

specific methods, both of which are aimed at better understanding the racing behavior of 

greyhounds. Firstly, greyhounds are recorded in motion to confirm how fast they are capable of 

moving and support the theories behind why such is the case. Secondly, the recording and 

mapping of greyhound footprints left on the track surface identifying movement patterns in an 

attempt to discern the reason for behavioural intricacies during racing. 

 

The practical findings in the field have established a proof of concept with respect to the accuracy 

of greyhound kinematics and footfall timing. The first iteration of partial paw print mapping 

depicting linear and turning motion can be used as a baseline for interpreting lead and trail paw 

placement and transitional behaviour from turning to straight-line running. It is recommended 

that a more detailed map of footprints can be acquired using topographic video and photo capture. 
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Preliminary Design and Analysis of Drivetrain Geometry for a Narrow, Tilting, Single-

Seater, Commuter Vehicle - (12cp) 

Alexander Taylor - S16-174 

 

Supervisor:  Terry Brown 

Assessor: Bruce Pearson 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

With a growing global population, there is increasing strain on road infrastructure, with 

congestion in cities becoming a significant issue. When one considers that during peak congestion 

the majority of cars have a single occupant, it is evident that the typical five-seater car does not 

represent a viable solution to congestion. In addition, vehicle pollution is an increasingly 

prominent issue, with vehicle emissions rising every year.  

 

A simple and feasible solution to these issues of congestion and pollution is narrow, tilting, single-

seater vehicles. Tilting vehicles, with their narrow profile, will help alleviate congestion on roads. 

Furthermore, tilting vehicles can be powered by smaller engines, producing less 

emissions than a typical car.  

 

This capstone project discusses a preliminary drivetrain design for a four-wheeled tilting vehicle. 

The drivetrain design was developed, visualised and optimised using SolidWorks CAD program. 

The design was kept as simple and as cost effective as possible, with the vision that UTS will use 

the design to fabricate a functioning prototype vehicle. To facilitate this objective, the design was 

developed to utilise components from a Hyosung GT650R motorcycle. Components in the 

drivetrain that were not sourced from the Hyosung underwent stringent engineering analysis to 

ensure the integrity of their design. This included finite element analyses using SolidWorks 

simulation capabilities. 

 

Through this project, the design and analysis of a preliminary drivetrain for a tilting vehicle has 

been successfully achieved. The drivetrain geometry developed represents the best possible 

arrangement for the chassis design and type of tilting vehicle UTS are working to develop. 

Moreover, the results of this project confirm that a drivetrain for a four-wheeled tilting vehicle is 

achievable. This success supports the development of these vehicles as viable alternatives to the 

typical car in the effort to combat the issues of road congestion and vehicle pollution. 
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Magnesium and Calcium Precipitation of Seawater Reverse Osmosis (SWRO) Brine - 

(12cp) 

Tieng Soeng Tiu - S16-197 

 

Supervisor:  Saravanamuth Vigneswaran 

Assessor: Vinh Nguyen 

Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 

 

 

The generation of seawater reverse osmosis (SWRO) brine from desalination plant and 

wastewater reclamation plats poses a major threat to the environment. As the water demand 

increases, the generation of SWRO brine will also increase. As a result, a sustainable SWRO 

brine treatment is required. In recent times, membrane technologies such as membrane distillation 

(MD) as well as membrane bioreactor (MBR) show promising performance for advance brine 

treatment. Nevertheless, membrane technologies are highly susceptive to both organic and 

inorganic fouling. 

 

In the first part of this capstone project, a detailed review on organic fouling development in MBR 

is carried out. This review provides a substantial understanding on the types of fouling 

development and mitigating methods. The second part of this capstone study is dedicated towards 

evaluating the effectiveness of inorganic pre-treatment for SWRO brine prior to MD operation. 

 

For this purpose, the project investigated the effectiveness of precipitation softening in removing 

calcium and magnesium in SWRO brine. Three chemicals namely KH2PO4, Al2(SO4)3 and 

KHCO3 were used to evaluate the removal efficiency by precipitation. KHCO3 produced the 

highest removal rate among the chemicals. KHCO3 was then being further investigated by 

studying the effect of temperature and dosage on the removal efficiency of major ions. A result 

of better removal rate for calcium and magnesium was obtained at a higher temperature. In 

addition, findings show that with the increase of dose, the removal efficiency also increased.  

 

Thirdly, apart from membrane technology, this capstone report evaluated the potential of a non-

membrane based technology for SWRO brine treatment- freeze crystallization (FC). The results 

of the FC study showed that the total dissolved solids (TDS) reading of concentrated brine was 

twice as much as the initial brine after four stages of FC. After four stages of FC, the TDS reading 

of ice product was as low as 0.5 g/L which met the drinking water standard guideline (<0.6 g/L). 
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3D Printed Watch Project: The Synergy Of A Common Watch Interior With Unique 

Individual Exterior Design - (12cp) 

Samuel Whelan - S16-115 

 

Supervisor:  Ian Maxwell 

Assessor: Herve Harvard 

Major:  Mechanical Engineering Major BE and BEDipEngPrac 

 

 

Since its development from a soldier’s efficient time checking tool to a fashion icon, the wrist 

watch has constantly changed and adapted to styles, technology and manufacturing methods. This 

3D printed watch project aims to continue this evolutionary journey by combining the traditional 

working parts of a mechanical watch with modern design and manufacturing techniques. 

 

Until recently, most high-end watch cases have been made using reductive manufacturing – 

cutting, milling, turning and polishing from a blank metal block. In this project, a software app is 

being developed to allow any person to modify a 3D design of a watch case without any special 

training or skills. These user-designs will then be manufactured using 3D printers – aka additive 

manufacturing. 

 

In order to make this a reality, a standard watch unit has been designed to fit into the 3D printed 

watch cases. This was done by researching and identifying the availability of common watch 

components from local suppliers and establishing which interior components were most suitable. 

Modern 3D printing manufacturing services were analysed to determine the benefits and 

limitations of the design process upon the exterior body of the watch. By determining both the 

usable, supplier-bought components and the 3D manufacturing services, parameters were defined 

within the software code to create a malleable computer model of a watch.  

 

Working collaboratively with a software team, the mechanical team are to ensure the users unique 

watch designs integrate completely with the standard watch unit. A prototype of the standard 

watch unit is being manufactured and, in production, it may be machined in volumes. 

 

Starting with the 3D printed watch project, the use of additive manufacturing with specifically 

the designed software will create a change in the way consumers purchase products. Once a 

successful method has been accomplished, it can be adapted to other products. 
  



D/HD Capstone Project Abstracts- Autumn 2017 

  51 

Implementation of Olfactory Discrimination Software for use in an Electronic Nose - 

(12cp) 

Scott Williams - S16-221 

 

Supervisor:  Steven Su 

Assessor: Youguang Guo 

Major:  Electrical Engineering Major BE and BEDipEngPrac 

 

 

The electronic nose will have an increased role to play in industry and society in the future. This 

project aimed to gather and interpret electronic nose data from four gas sensors to 

programmatically solve the following problems: 

• Classify two types of perfume 

• Estimate the age of beef up to 14 days after purchase 

 

Automated optimal solutions to the above questions were created. The code that does this may be 

applied to an electronic nose to perform the following generic tasks: 

• Detect success or failure of a process using linear Support Vector Machines (SVM) 

• Quantify a variable using regression techniques 

 

While completing Capstone A, a physical test rig for testing olfactory samples was designed and 

implemented. A LabVIEW interface was designed and tested to view and export gas and 

environmental sensor data. Tools used to implement the airflow-controlled data acquisition 

system included: National Instruments Data Acquisition Equipment, Arduino microprocessor 

with serial outputs, C code, environmental sensor, and a digital Proportional-Integral (PI) 

controller using Pulse Width Modulation (PWM). 

 

Sound experimental processes were developed before using an electronic nose to generate data 

for the meat age estimation problem. Matlab was used to translate data into key features which 

were linked to meat age and exported to Excel. Following this, outputs from regression tools in 

Excel were imported to Matlab. The optimally chosen equation for a feature was able to estimate 

the age of meat based on all valid samples with an average absolute error of 1.5 days and a 

maximum absolute error of 3.6 days. 

 

Perfume data was provided for analysis using linear SVM in Matlab. SVM was applied and tested 

200 times with random training and testing data from each permutation of feature pairs. The 

optimal feature pair used with SVM could estimate perfume type with an accuracy of 93%. 
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An Assessment of ‘Cool Roads’ and Tree Shading To Combat the Urban Heat Island 

(12Cp) 

Well Yum - S16-050 

 

Supervisor:  Ali Saleh 

Assessor: Robert McLaughlan 

Major:  Civil and Environmental Engineering Major BE and BEDipEngPrac 

 

 

The Urban Heat Island (UHI) is where human activities and buildings make local temperatures 

warmer in urban areas compared to the natural environment. Within the City of Sydney, black 

roads make up 22.7% of the city’s land area and is contributing to the UHI. By modifying the 

black colour of roads to a lighter colour thermal comfort can be improved by reflecting energy 

back into the atmosphere thus cooling down streets. It is essential governments recognise that 

black roads affect human health, and undo building sustainability standards as indoors and 

outdoors temperatures are linked. 

 

Recognising that one significant barrier to the implementation of cool road technologies such as 

a pale pavement is a lack of real-world temperature data, primary data was collected through 

multiple field visits.  

 

Are pale pavements a ‘silver bullet’ to combat the urban heat island effect? No, though the 

technology shows promise. There is scope for improvement in terms of cost and maintaining the 

white surface. Instead, the greatest benefit will be met by increasing tree canopy cover since 

findings show that an adequately shaded street can reduce air temperatures by more than 3 

degrees, 3m above street level during a heatwave. This finding is significant because the 

consensus reached by the City of Sydney is that temperatures will likely increase by 1.6 to 3.1 

degrees by 2070.  

 

Planning authorities are advised to apply pale pavements in problem ‘hot spots’ as it is a quick 

method to immediately cool down streets whilst newly planted trees build up the capability to 

cool down ambient temperatures. To facilitate the development of shade trees, water sensitive 

urban designs principles (WSUD) should be implemented. Incorporating the UHI in apps such as 

Snap Send Solve would help authorities to identify problem 'hot spots' and increase the overall 

cooling benefit in urban areas. 


