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Mission
The mission of ARCAA is to address the impediments
facing routine civilian operations of Unmanned Aerial/
Airborne Systems (UAS).
These are:
• Societal – Promote the benefits of UAS technology to the wider
community whilst managing expectations
• Regulatory – Develop policy and regulatory frameworks to
support safe and routine UAS operations
• Technical – Develop and demonstrate technologies to
support commercially viable UAS applications
• Educational – Provide education and training programs for the
aerospace automation industry

Vision
To develop autonomous systems
and technologies to safely
integrate unmanned aircraft into
non-segregated air space.
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Executive Summary
airspace integration and enhanced
conflict management project. The project
explores the challenges and implications
for current and future proposed airspace
management systems, and will determine
a set of recommendations to ensure that
Australia’s air traffic management systems
are able to cater for unmanned aircraft.

2013 saw ARCAA continue to capitalise
and build upon its achievements as a
pioneering, high impact research centre.
We remain true to the shared vision
of developing autonomous systems
and technologies to safely integrate
unmanned aircraft into non-segregated
air space, and the benefit these systems
can bring to our nation’s productivity,
economy, and community safety.
With a growing research program in 2013,
ARCAA continues to focus on engaging
industry
and
government
through
innovation, and applying research findings
to deliver solutions to real world issues.
This was demonstrated with the continued
success of the Flight Assist System being
utilised by Ergon Energy to survey their
vastly distributed powerline network. The
successful integration of the research
findings have revolutionised the process,
which previously took months to plan, fly
and process. Powerline spatial information
can now be captured, processed and
delivered within 24 hours, providing savings
of up to $14M per annum.
Following on from the Smart Skies Project
(2008-2011), Project ResQu successfully
demonstrated
a
world-first
visionbased detect and avoid system for small
unmanned aircraft. This technology is
pivotal to the safe utilisation of unmanned
aircraft in non-segregated airspace.
Project ResQu is a $7M collaboration
between QUT, CSIRO, Boeing, Insitu
Pacific, and supported by the Queensland
State Government. Furthermore, with the
predicted growth of unmanned aircraft
within Australian airspace, the QUT led
partnership with Thales Australia and
RMIT University is broadening research
into airspace integration with the new
scoping study for unmanned aircraft

In a QUT partnership with the Plant
Biosecurity Cooperative Research Centre,
a new project has been launched to
qualitatively evaluate the use of unmanned
aircraft for biosecurity applications, and to
determine fundamental factors pertaining
to the operation of unmanned aircraft by
identifying how and where they can be
effective throughout the plant biosecurity
spectrum.
Collaboration
and
community
engagement
success
continued
with the UAV Challenge Outback
Rescue held at Calvert Radio Aero
Modellers Society Flying Field, west
of Ipswich in Queensland. The talent
and professionalism displayed by the
participating teams continues to grow,
with 2013 being the first year a multirotor helicopter platform completed an
autonomous drop successfully. ARCAA
thanks the teams for their effort and
participation in the 2013 UAV Challenge
and congratulates the Calamvale Reapers
who were the 2013 Search Phase Winners,
and the Calamvale Raptors II, the 2013
Airborne Delivery Challenge winners.
Support for the challenge continues to
grow, with the Queensland Government
announcing the provision of financial
support for the 2013 and 2014 UAV
Challenge, and the Honourable Ian Walker,
the Minister for Science, Information
Technology, Innovation and the Arts,
attending the 2013 UAV Challenge to
meet and greet the participants.
ARCAA continued to engage with the
broader community and create further
awareness of the potential of unmanned
aircraft for civilian operations with an
Australian and Southern Hemisphere
first Robotronica event held in Brisbane.
The event saw thousands of spectators
gather for the remarkably choreographed
display of 30 multi-rotor UAVs above

the QUT Gardens Point campus on the
evening of the 18th August. This was the
world’s first swarm UAV activity to gain
explicit approval by an airspace regulator
under an unmanned aircraft specific
regulation (CASR 101).
With the ARCAA facility reaching capacity,
2013 proved a successful academic year
with the graduation of two Doctorate and
three Masters students. The dissemination
of research continued with four book
chapters, seven journal articles and 20
refereed conference papers published
over the course of 2013. We applaud
Dr Luis Mejias Alvarez and Dr Troy
Bruggemann for being awarded QUT’s
highly prestigious Vice Chancellor’s
Performance Fund Award.
May 2013 marked the conclusion of a
prosperous and rewarding five-year Joint
Venture between QUT and CSIRO. On
behalf of ARCAA, I would like to extend
my gratitude for the commitment and
effort of all involved in the venture which
has enabled ARCAA to build upon its
reputation as a research centre, and to
develop strong relationships with research
partners and other stakeholders.
Looking forward, ARCAA is presented
a great opportunity with a broadening
research base within QUT’s Science and
Engineering Faculty, a consolidated
specialist research support capability
through QUT’s Institute for Future
Environments, and ongoing collaboration
with CSIRO, giving greater strength and
leadership in realising the economic growth
possible through the application of aircraft
automation, both manned and unmanned.
I wish to extend my deepest gratitude
to Dr Jon Roberts, Deputy Director,
and the ARCAA Board for its invaluable
contribution to the governance and
strategic direction of ARCAA, and to the
tireless efforts of the Chair, Dr David Gray.

Professor Duncan Campbell
Director
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Governance
From March 2008 to May 2013, ARCAA was a
research Joint Venture between the Queensland
University of Technology (QUT) and the
Commonwealth Scientific and Industrial Research
Organisation (CSIRO). ARCAA’s Board, consisting
of senior management from QUT and CSIRO,
governed this joint venture under the leadership of
Dr David Gray, a prominent figure in the aviation
industry with extensive industry, business and
board experience.

Effective and efficient
Consensus oriented
Accountable

Transparent

Responsive

Good Governance
Participatory

Equitable and
inclusive
Strategic
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The Board
David Gray
Chairman
Dr David Gray has held a number of senior posts in the power electrical engineering field and later in
telecommunications and aviation. Following his move to Australia in 1984, and a stint as Chief Executive of GEC
Heavy Engineering and General Manager of Exicom, David became the Managing Director of GEC Marconi
Australia. In 1995, he was appointed Managing Director of Boeing Australia Limited until 2007. Additional to his
ARCAA duties, David is Chairman of QCIF and AURIN, Deputy Chairman of CASA, and Director of the Brisbane
Airport Corporation and Collection House. He received the Centenary Medal for his services to the aviation
industry and was awarded an Honorary Doctorate of the Queensland University of Technology.

Duncan Campbell
Director
Professor Duncan Campbell is Director of the Australian Research Centre for Aerospace Automation, and currently
serves as Treasurer of the Australian Association for Unmanned Systems (AAUS) Board. As a Professor at QUT,
Duncan has over 25 years of research leadership in control and automation. Duncan leads research in autonomous
UAS command and control, human systems interaction, autonomous mission and path planning, and is the Project
Leader for Project ResQu, a two year, $7M collaborative research partnership that focuses upon both the enabling
technologies and also the regulatory environment for routine civilian operations of unmanned aircraft.

Jonathan Roberts
Deputy Director
Dr Jonathan Roberts leads CSIRO ICT Centre’s Autonomous Systems Laboratory, an 80 person research lab
focusing on field robotics, pervasive computing and computer vision. His research interests encompass the area
of field robotics and include unmanned aircraft, autonomous ground vehicles, underwater robots and mining
robots. He has an Honours Degree in Aerospace Systems Engineering and a PhD in Computer Vision, both from
the University of Southampton, UK. Jonathan has over 100 publications in refereed journals and conferences
and serves on the editorial board of the International Journal of Field Robotics. Jonathan is also currently an
Adjunct Professor at Queensland University of Technology and the University of Queensland. Jonathan is a past
president of the Australian Robotics & Automation Association (2006-2008).

Arun Sharma
QUT
Professor Arun Sharma is the Deputy Vice-Chancellor (Research and Commercialisation) at the Queensland
University of Technology. He co-founded the National Information Communications Technology Australia
(NICTA) in 2002. Prior to NICTA, he was the Head of the School of Computer Science and Engineering at the
UNSW where he co-founded the Cooperative Research Centre for Smart Internet Technology. He was a member
of the Independent Advisory Council of the Australian Research Council during 2008-2009 and was a member of
the interim advisory board of the Manufacturing Centre of the Enterprise Connect Program during 2008-2009.
Since 2005, he has been a member of the Queensland Premier’s Smart State Council. He is currently the National
Chairman of the Australia India Business Council and a member of the Queensland Premier’s Business Roundtable.
He was awarded the 2010 Premier’s Special Award for contribution to building the export profile of Queensland.
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Ian Oppermann
CSIRO
Dr Ian Oppermann is the Director of CSIRO’s Digital Productivity and Services Flagship. The flagship is a $40M
research initiative from CSIRO to help improve the way services are delivered in health, financial and government
sectors and to help organisations make the most of national broadband infrastructure. Prior to CSIRO, Ian headed
Sales Partnering for Nokia Siemens Networks’ software business, and was Director of Radio Access Performance
Business at Nokia. Prior to joining Nokia, Ian was Director of the Centre for Wireless Communications, a
research centre in Finland. Ian has contributed to six books as editor or chapter author, authored or co-authored
approximately 30 journal and 90 conference papers. Ian has a Doctor of Philosophy in Electrical Engineering from
Sydney University and an MBA from the University of London. Ian is a Fellow of the Institute of Engineers Australia,
a Fellow of the IEEE and a member of the Australian Institute of Company Directors.

Gordon Wyeth
QUT
Professor Gordon Wyeth is the Head of School for Electrical Engineering, Computer Science (EECS) in the
Science and Engineering Faculty at QUT. Gordon’s broad area of research is smart systems with a focus on
Biologically Inspired Navigation as well as domestic and office robots. He is a member and past Chairman of
the Institute of Electrical and Electronic Engineering (IEEE) as well as a member of the Robotics and Automation
Association (ARAA). Gordon has authored or co-authored in excess of eight book chapters, 17 journal articles
and 60 refereed conference papers.

Michael Brünig
CSIRO
Dr Michael Brünig is Director of the ICT Centre in CSIRO, Australia’s national science agency. He oversees
scientific and applied research in the areas of autonomous systems, wireless and networking, information
engineering, intelligent sensing and ICT in health. Prior to joining CSIRO in 2007, Michael led research projects
and programs at Robert Bosch Corporation R&D in both the United States and Germany. Michael has published
in a variety of research fields, his current focus being on robotics and sensor networks. He received his PhD
in Electrical Engineering from RWTH Aachen University in Germany. He is a senior member of the IEEE and a
graduate member of the Australian Institute of Company Directors. Beyond CSIRO and ARCAA, Michael is an
Adjunct Professor at the University of Queensland.

Lindsay Pears
Independent
Mr Lindsay Pears is the Defence Industries Envoy for the Queensland State Government. His previous roles have
included Managing Director of Saab Technologies Australia and Saab Systems, Vice President (Strategy and
Business Development) Boeing Australia, and General Manager Rockwell Australia, EASAMS and GEC Marconi
Systems (Australia).
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Meeting Dates (2013)

Others

4th February 2013
8th April 2013
29th May 2013

The following people attended Board of Directors’ meetings as proxy,
executives for their respective organisations or invited guests:
Mr Michael McArdle, QUT (Proxy for Arun Sharma)
Ms Lyn Pearson, QUT (Secretary)
Mr Andrew Keir, QUT (Visitor)
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Reflections on the Joint Venture
It was on 26 March 2008 that the
Australian Research Centre for Aerospace
Automation commenced as a Joint
Venture between QUT and CSIRO. On
that day, 40 experts in autonomous
systems,
control
and
navigation,
avionics, computer vision, aeronautical
and software engineering commenced
a grand challenge in addressing the
enabling technologies and regulatory
challenges to the commercial adoption of
UAVs for civilian applications.
The two parties had been collaborating
from early 2001 through the joint
supervision of research students, and
had co-hosted an international workshop
on The Future of UAVs: Challenges and
Applications in the Asia Pacific Region.
Then as in now, the vision was to develop
autonomous systems and technologies to
safely integrate unmanned aircraft into
non-segregated air space.
The goal – to address the critical enabling
technologies and regulatory challenges
to the commercial adoption of unmanned
aerial systems for civilian applications,
such as precision farming, search and
rescue, environmental monitoring and
infrastructure inspection.
Through the support of the Queensland
Government’s Smart State Research
Facilities Fund, and with co-funding from
QUT and CSIRO, the physical Centre
was established, providing a purpose
built facility and associated equipment
to undertake the research challenges
ahead. 2008 also saw the commencement
of the Smart Skies Project, examining
the research and development of future
technologies that support the efficient
utilisation of airspace by both manned
and unmanned aircraft.
Over the ensuing five years, ARCAA has
realised many remarkable achievements,
highlighted by the multi-award winning
Smart Skies Project, and the Flight Assist
System. It has seen research applied to
the counting of whales and dugongs, the
detection and sampling of plant spores,
examination of how UAS will impact
upon airspace management, and the
demonstration of autonomous helicopters

to assist with crop assessments. It has
seen technology mature to the point
where it is now in operation to save in
excess of $14M per year in infrastructure
monitoring costs for a Queensland
organisation. It has seen 20 higher degree
research students graduate, and over 200
research publications disseminated.
The mission of ARCAA also encompasses
the promotion of the benefits of UAS to
the wider population – this has been
achieved through countless school tours,
industry visits, keynote presentations
and public demonstrations, but is best
epitomised through the UAV Challenge:
Outback Rescue competition. Running
since 2007, this is one of the world’s
premiere UAV competitions for secondary
and university students, as well as
enthusiasts. It is aimed at promoting the
civilian use of unmanned aerial vehicles
and the development of low-cost systems
that could be used for search and rescue
missions – each team searching for the
mysterious local bushwalker known as
Outback Joe – and although he has been
sighted, no team to date has rescued him.
The creation of the UAV Challenge, and
of ARCAA itself, could not have been
possible without the tireless efforts of
many staff and students from across QUT
and CSIRO. However, the ARCAA family
was deeply saddened in 2011 when the
driving force behind ARCAA’s genesis
and its founding Director, Professor Rod
Walker, passed away after a brief battle

with cancer. Rod’s legacy lives on through
the Rod Walker Memorial Endowment
Fund, offering awards and incentives to
those individuals and organisations that
demonstrate excellence in forwarding the
civil unmanned aircraft systems industry.
The aim is to inspire and motivate people
to continue to address the technical
and social challenges facing the civil
unmanned aircraft systems industry – a
cause dear to Rod’s heart.
The Joint Venture came to its conclusion
in May 2013, with the strong research
collaboration between QUT and CSIRO
persisting, especially with our current
flagship research program, Project
ResQu. Going forward, ARCAA is
broadening its footprint within QUT
through the Science and Engineering
Faculty and the Institute for Future
Environments, complementing its focus
on finding ways to make the world more
sustainable, secure and resilient.
The establishment of ARCAA through
the Joint Venture is the result of many
aspiring to the one future, but above
all others, the vision, hard work and
persistence of the late Professor Rod
Walker (QUT) and ARCAA Joint Venture
Board Chairman, Dr David Gray.
Professor Duncan Campbell
Director (QUT)
Dr Jonathan Roberts
Deputy Director (CSIRO)

Founding Director, the late Professor Rod Walker
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and Operational Staff
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Duncan Campbell QUT
ARCAA Director
Professor Duncan Campbell is Director
of the Australian Research Centre for
Aerospace Automation (ARCAA), and
currently serves as Treasurer of the
Australian Association for Unmanned
Systems (AAUS) Board.
Prior to his appointment as ARCAA
Director, Duncan served as IEEE
Qld Chair for the joint chapters of
Control Systems and Robotics and
Automation (2008-2009). He holds many
international collaborations in both
automation research and engineering
curriculum reform. Duncan was elected
President of the Australasian Association
for Engineering Education (AAEE) in

2011, and leads the Australian and New
Zealand regional group of the global
CDIO Initiative.
As Project Leader for the Interactive
Systems Group, Duncan heads research
into autonomous Unmanned Aircraft
Systems (UAS) decision support, human
machine interaction, autonomous mission
and path planning, real-time embedded
systems,
computational
intelligence,
and intelligent control. He collaborates
with a number of universities around the
world, including Massachusetts Institute
of Technology, and Télécom-Bretagne,
Brest, France.

Duncan is the Project Leader for Project
ResQu, a two year, $7M collaborative
research partnership between QUT,
CSIRO, Boeing Research & Technology
Australia, Insitu Pacific Ltd and the
Queensland State Government. Project
ResQu will fast-track research to help
unmanned aircraft become airborne for
routine civilian operations sooner, focusing
upon both the enabling technologies and
the regulatory environment.
Duncan supervises ten postgraduate
students researching a range of topics
around control and automation, and
multi-agent systems.

QUT ePrints: http://eprints.qut.edu.au/view/person/Campbell,_Duncan.html

Jonathan Roberts CSIRO
ARCAA Deputy Director
Dr Jonathan Roberts was the Deputy
Director of ARCAA until May 2013 when
the Joint Venture came to an end and he
is currently the Research Program Leader
of Autonomous Systems at CSIRO’s
Division of Computational Informatics.
His research interests encompass the
area of Field Robotics and include
autonomous aerial vehicles, autonomous
ground vehicles, underwater robots
and mining robots. Jonathan has an

Honours Degree in Aerospace Systems
Engineering and a PhD in Computer
Vision. He has over 100 publications
in refereed journals and conferences
and serves on the editorial board of the
International Journal of Field Robotics.
Jonathan is a
Challenge and
the Australian
Association. At

co-inventor of the UAV
is a past president of
Robotics & Automation
the end of 2013, he was

the General Chair of the International
Conference on Field and Service Robotics
and he is currently co-leading a special
issue on UAVs in the Journal of Field
Robotics. Jonathan also has an interest
in the use of robotic technology for
recording cultural heritage places and
experiencing museums and galleries from
a distance. He frequently appears in the
media commenting on all matters robotic.

CSIRO Publications Repository: https://publications.csiro.au/rpr/search?q=jonathan%20roberts
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Bilal Arain

Dmitry Bratanov

Gavin Broadbent

Dr Bilal Arain rejoined ARCAA in 2012,
commencing as a QUT Research Fellow
on Project ResQu. His background is in
robotics, mechatronics, automation and
control. He has extensive experience in
high-fidelity modelling, development and
deployment of UAS, including vehicle
guidance, navigation and control in realtime environments. Throughout 2013, he
worked on the path planning algorithms for
Project ResQu. Prior to joining QUT, Bilal
was a Postdoctoral Fellow at CSIRO from
2009 to 2012 as a part of the Smart Skies
Project, focusing on vision based launch
and recovery of UAS from an autonomous
boat, low-altitude imaging of vegetation
and environmental monitoring, and robust
flight control of UAS in windy conditions.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Arain,_Bilal.html

Dr Dmitry Bratanov joined ARCAA in 2013
as a Research Engineer to work on Project
ResQu’s Stream 3 (a computer vision detect
and avoid system for small UA). Dmitry’s
interests are in integrated MEMS GPS and
vision based solutions, 4-dimensional UAS
navigation, and environment identification.
Dmitry holds BEng (Hons), MEng (Avionics)
and PhD degrees from the Bauman
Moscow State Technical University with a
specialty in airborne navigation and control
systems. Dmitry contributed to the success
of multiple DAA system flight tests by
solving research and system engineering
tasks including INS-GPS systems flight
testing and analysis, design and calibration
of optical system, and image stabilisation.
Prior to QUT Dmitry worked at the Bavarian
Academy of Sciences on high-precision
GNSS applications for airborne gravimetry,
and at MIEA, a Russian avionics R&D leader.

Mr Gavin Broadbent joined ARCAA in
May 2013 as the UAV Technician and
Launch Controller, bringing extensive
research and development experience in
both radio control hobby and unmanned
aerial vehicles (fixed wing and rotary).
Acknowledged as being one of the
world’s leading RC pilots, Gavin has been
involved with performance upgrades
to the Flamingo UAV, refurbishment of
“Eleanor II” for the eFAS project, and
preparation of UAV helicopters involved
in Project ResQu, as well as conducting
the flight trials and reliability testing.
Prior to joining ARCAA, Gavin was Lead
RC Pilot and Co-designer with Kasama
helicopters (Thailand) working on the
prototype DTI-KSM150, a 38kg naval
UAV helicopter; and the world renowned
Kasama Dune 600. He concurrently
provided demonstration flights for
Kasama products in a global tour.

Troy Bruggemann

Peter Corke

Aiden Deem

Dr Troy Bruggemann joined ARCAA
in 2005 as a PhD student under the
supervision of Professor Rodney Walker.
In 2009 he commenced a Research
Fellow position at ARCAA. His research
into automated flight control and flight
optimisation for powerline inspection
led to the Flight Assist System and
enhanced Flight Assist System projects.
Automated aircraft enable the Ergon
ROAMES project to safely and efficiently
inspect and construct 3D models of their
150,000 km long powerline network. This
will improve the safety and reliability of
electricity supply to consumers. Troy’s
current research interests are in automated
aircraft control and flight optimisation with
metaheuristics.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Bruggemann,_Troy.html

Professor Peter Corke is Professor of
Robotics & Control in the Science and
Engineering Faculty at QUT. His interest lies
in how robots can use the sense of vision to
accomplish a broad range of tasks, ranging
from recognising places or text in the world
to dynamic tasks. In 2013, Peter successfully
lead the establishment of the ARC Centre
of Excellence for Robotic Vision, a $19M,
seven year research collaboration between
QUT, University of Adelaide, ANU, Monash
University, Oxford, Imperial College, ETH,
INRIA and Georgia Tech. He holds a PhD
from the University of Melbourne, is a Fellow
of the IEEE, a member of the IEEE Robotics
and Automation Society (RAS), a Member
of the AdCom Board of Governors of IEEE
RAS and an Officer of the International
Federation
of
Robotics
Research.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Corke,_Peter.html

Mr Aiden Deem joined ARCAA in 2012
as a Research Assistant to work on
the continuining ARC Linkage Project
Automated
Vision-based
Aircraft
Collision Warning Technologies, focusing
on estimation theory to develop an
algorithm using vision sensors for early
estimation of distances for image based
collision avoidance. Aiden holds a BEng
in Aerospace Avionics (Hons I).
QUT ePrints: http://eprints.qut.edu.au/
view/person/Deem,_Aiden.html
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Matthew Dunbabin

Ryan Fechney

Clinton Fookes

Dr Matthew Dunbabin is known internationally
for his research into field robotics, particularly
environmental robots, and their application
to large-scale marine habitat and aquatic
greenhouse gas monitoring. He has wide
research
interests
including
adaptive
sampling and path planning, vision-based
navigation, cooperative robotics, as well
as robot and sensor network interactions.
Matthew received his BEng (Aerospace) from
RMIT and his PhD from QUT. Prior to joining
QUT in 2013, he worked at CSIRO on sensor
evaluation for canopy height detection on
Project ResQu. Matthew is a strong advocate
of robotic systems in civilian applications, and
is currently the President of the Australian
Robotics and Automation Association
(ARAA), and Secretary of the Australian
Association for Unmanned Systems (AAUS).
QUT ePrints: http://eprints.qut.edu.au/
view/person/Dunbabin,_Matthew.html

Mr Ryan Fechney first joined ARCAA in
2010 to launch his career in the aerospace
industry. He initially worked on the Smart
Skies project supporting implementation
of the flight trials’ software suite, followed
by a lead software role in precision
guidance research for the CRC-SI 6.07
initiative and then the Flight Assist System
(FAS) project. At the conclusion of this
project, Ryan pursued opportunities in
Germany before rejoining ARCAA in 2013
to lead the software effort in the eFAS
research initiative. He has a BEng (Hons)
from the University of Canterbury.

Associate Professor Clinton Fookes works
in the Speech, Audio, Image and Video
Technologies group within the Science
and Engineering Faculty at QUT. He holds
a BEng (Aerospace Avionics), an MBA and a
PhD in the field of Computer Vision. Clinton’s
research focus is in Computer Vision and
pattern recognition. He was the Technical
Director for the Airports of the Future project
and is a member of the IEEE and APRS. He
is also an Australian Institute of Policy and
Science Young Tall Poppy and an Australian
Museum Eureka Prize winner. In 2012, Clinton
joined ARCAA’s Project ResQu, specifically in
the Automated Emergency Landing System
Stream, where his expertise will focus on
automatic infrastructure detection and scene
understanding.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Fookes,_Clinton.html

Jason Ford

Dennis Frousheger

Neale Fulton

Dr Jason J. Ford holds BSc, BE and PhD
degrees from the Australian National
University, Canberra, and is currently a
Senior Lecturer in Electrical Engineering
at QUT. Prior to QUT, Jason held
positions at the Australian Defence
Science and Technology Organisation
(DSTO), and the University of New South
Wales (UNSW) Canberra. His research
interests include advanced signal
processing and control for aerospace.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Ford,_Jason.html

Mr Dennis Frousheger is a Project Manager
with CSIRO and ARCAA and administers
the CSIRO contribution to Project ResQu.
He is also a Software Engineer, conducting
software development for CSIRO and
ARCAA projects. He leads the Organising
Committee and serves on the Technical
Committee of the UAV Challenge and
has been Head Marshal for the event
since 2009. Dennis holds a Bachelor of
Engineering in Electrical and Computer
Systems with Honours from The University
of Queensland. He has prior experience as
a consulting engineer developing industrial
and consumer products and specialises in
embedded software.
CSIRO
Publications
Repository:
h t t p s : //p u b l i c a t i o n s .c s i r o . a u /r p r/
search?q=frousheger

Dr Neale Fulton is a CSIRO Research
Leader and is presently assigned to
Project ResQu developing engineering
standards for the routine operation
of Unmanned Aerial Vehicles (UAVs).
Previous positions include Engineering
Advisor to the Australian Defence Materiel
Organisation (1989-2010) on the Classic
Hornet and Adjunct Professor in aerospace
engineering at the Queensland University
of Technology supervising a doctoral
research student. He holds a Commercial
Pilot Licence with multi-engine instrument
rating and is a Fellow and Chartered
Engineer through the Royal Aeronautical
Society, London. Dr Fulton has a BE from
UTAS, and a PhD from UNSW.
CSIRO
Publications
Repository:
h t t p s : //p u b l i c a t i o n s .c s i r o . a u /r p r/
search?q=neale%20fulton
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Luis Felipe Gonzalez Toro

Dominique Greer

Duncan Greer

Dr Luis Felipe Gonzalez Toro is a
Senior Lecturer (UAV) in the Science
and Engineering Faculty, QUT. He
holds a BEng (Mech) and a PhD from
the University of Sydney. His research
explores
bio-inspired
optimisation,
uncertainty based UAV path planning
and UAVs for environmental monitoring
and plant biosecurity. He leads the CRC
Plant Biosecurity project “Evaluating
Unmanned Aerial Systems for Deployment
in Plant Biosecurity” and the Green Falcon
Solar Powered UAV. Felipe is a Chartered
Professional Engineer and member of
professional organisations including the
RAeS, IEEE and AIAA. He is also an EDN,
iENA Innovation award winner and holds a
Private Pilot Licence.
QUT ePrints: http://eprints.qut.edu.
au/view/person/Gonzalez,_Felipe.html

Dr Dominique Greer is a lecturer in the
QUT Business School at Queensland
University of Technology (QUT). Her
research explores consumer behaviour in
professional services. She holds a PhD in
Marketing and a Graduate Certificate in
Research Commercialisation from QUT. She
is currently working towards a Master of
Arts in Writing, Editing and Publishing.
Dominique joined the Project ResQu
team at ARCAA in 2012 to investigate the
barriers to public acceptance of UAVs. In
conducting this research, Dominique aims
to improve public acceptance of UAVs by
creating more widespread awareness of
the benefits of UAS technology.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Keeffe,_Dominique.html

Mr Duncan Greer is an Avionics Research
Engineer with 10 years’ experience in avionics
design, certification, flight-test, maintenance
and operation for Unmanned and General
Aviation aircraft and helicopters. Duncan has
studied GPS augmentation systems and GPSInertial integration and has an ongoing interest
in future aircraft navigation and surveillance
systems and UAS regulatory development.
Duncan is also an active pilot and is currently
studying for his IREX Instrument Rating.
Duncan’s role at ARCAA as Engineering
Manager involves leading the engineering
services in delivery of hardware and
software engineering support, operations
and maintenance of all of ARCAA’s platforms
to support the research project outcomes.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Greer,_Duncan.html

Ross Hayward

Stefan Hrabar

Sandra Johnson

Dr Ross Hayward, Senior Lecturer in
Computational Intelligence and Signal
Processing at QUT, holds a PhD and Graduate
Diploma from QUT as well as a Bachelor
of Applied Science from the Australian
National University. Ross’ research includes
vegetation classification from high resolution
images collected from UAVs for integrity
of electrical power infrastructure; a fair play
robotic simulation environment that admits
evolutionary development by simulating
time, enabling robots designed for exotic
computer architectures yet simulated on
conventional computers to compete; and
evolutionary approaches to circuit design
and self-repair on Field Programmable Gate
Arrays. Ross joins Stream 4 of Project ResQu.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Hayward,_Ross.html

Dr Stefan Hrabar is Senior Research Scientist
and Research Team Leader within the CSIRO
division of Computational Informatics. He
joined CSIRO in 2006 after completing his
PhD in Computer Science at the University of
Southern California. He also holds BEng (Mech)
and MEng (Mech) degrees from the University
of Cape Town. Stefan specialises in research
on rotorcraft UAVs and is broadly interested in
making UAVs more user-friendly by increasing
their levels of autonomy to improve the humanmachine interaction experience. His research
has covered topics such as vision and lidarbased UAV obstacle avoidance, UAV path
planning algorithms, UAV mission planning
tools, and Human-Robot Interaction. He is
currently working on miconia detection, Stream
1 of Project ResQu, particularly on the imaging
system, mission planning, and developing a
data visualisation tool.
Repository: http://scholar.google.com.
au/citations?user=3hYIetoAAAAJ&hl=en

Dr Sandra Johnson, Research Fellow
at ARCAA, joined Project ResQu (Risk
and Regulation) in 2012. She holds a
PhD (2009) from QUT and Bachelor of
Science (Mathematics and Statistics) from
University of Natal. Sandra has conducted
research on several projects, including
Airports of the Future, Dairy Sustainability
Scorecard, Integrated Systems Approach
for Pest Risk Management, Recycled Water
processing, Cheetah conservation, and
Algal Bloom initiation. Sandra’s interest is
primarily in Bayesian Statistical modelling,
especially Bayesian networks, and decision
making under uncertainty. She is SSAI
representative of Maths of Planet Earth
and past President of the Australasian
Bayesian Network Modelling Society.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Johnson,_Sandra.html
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Andrew Keir

Farid Kendoul

Jonathon Kok

Mr Andrew Keir is the Operations
Manager for ARCAA, with more than
a decade in both management and
research and development in the
tertiary sector. He leads a small yet
highly specialised team of technical and
support staff who assist and service the
multitude of research projects conducted
by ARCAA, and also acts as the Project
Manager on the enhanced Flight Assist
System project. Andrew holds a BSc and
PGDipSc (Physics) from the University of
Queensland, and will complete an MBA
from QUT in early 2014.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Keir,_Andrew.html

Dr Farid Kendoul is a Research Scientist
with the CSIRO Autonomous Systems
Laboratory with a research focus on
unmanned aircraft systems, guidance and
navigation, and bio-inspired robotics.
Farid received his PhD in guidance and
control from the University of Technology
of Compiegne, France and holds a
Masters Degree in Automatic Control and
an Engineering Degree in Robotics. He is
currently working on Project ResQu, and is
involved in Stream 1 (Biosecurity/Miconia
detection) and Stream 4 (Automated
Emergency Landing System).
CSIRO
Publications
Repository:
h t t p s : //p u b l i c a t i o n s .c s i r o . a u /r p r/
search?q=kendoul

Mr Jonathan Kok joined ARCAA as a
Research Assistant in 2013, working on
the Automated Emergency Landing
System stream of Project ResQu. One part
of the project is the forced-landing phase
in which the many possible emergencylanding sites detected have to be
evaluated for suitability whilst subjected
to a number of application criteria. His
expertise in multi-criteria decision making
and automated flight control is applied
to address this research problem. His
research interests include evolutionary
algorithms, optimisation, path planning,
and field programmable gate array
technology. Jonathan will be completing
his PhD in mid 2014.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Kok,_Jonathan.html

Dirk Lessner

XunGuo Lin

Aaron Mcfadyen

Mr Dirk Lessner joined ARCAA in 2012 as
a Senior Research Engineer. Dirk’s role
includes Software Engineering tasks,
flight crew activities as ASL line pilot,
and UAS operations management. With
over 30 years in the IT, Aviation and
Consumer Electronics business, Dirk
also has experience in network security
and management. He has a degree in
Computer Science from the Technical
University of Clausthal and a Research
Master Degree (IT) from the University of
Queensland. Dirk has been flying since
the 1970s and completed his Australian
Private Pilot Licence in 2010. He is
currently training for his Night VFR rating.

Dr XunGuo Lin is a Senior Research Scientist
in the Division of Mathematics, Informatics
and Statistics of CSIRO. He has over 30 years
diversified research experience in numerical
and statistical modelling, risk analysis,
operations research, control engineering and
software engineering. XunGuo obtained his
PhD in Control Engineering from the University
of Queensland in 1991 after a Masters in 1988,
and joined CSIRO in 2004. He has conducted
more than 30 consulting and research
projects, mostly in risk analysis of diversified
application areas including aircraft collisions,
maritime security, bushfires, cyclones, border
protection, national security, and biosecurity.
XunGuo joins Project ResQu to assist with the
Risk and Regulation stream.
CSIRO
Publications
Repository:
h t t p s : //p u b l i c a t i o n s .c s i r o . a u /r p r/
search?q=xunguo%20lin

As a Research Engineer, Mr Aaron Mcfadyen
has provided a major research component
to multiple projects across 2013, including
working closely with Thales Australia Ltd and
RMIT on a large scoping study to determine
specific UAS integration issues for Australian
civil airspace, and with the PBCRC to help
evaluate the use of UAS for biosecurity
applications. Aaron holds a BEng (Aerospace
Avionics) and is currently completing his
PhD at QUT. His current research interests
include robotic vision and nonlinear model
predictive control for autonomous aircraft
guidance and navigation. Aaron also has
significant experience in commercial flight
simulation, holds a Private Pilots License and
is a recipient of multiple academic awards
including an Endeavour Research Fellowship.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Mcfadyen,_Aaron.html
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Rowland Marshall

Amisha Mehta

Luis Mejias Alvarez

Mr Rowland Marshall joined ARCAA in
2012 as the Project Manager for Project
ResQu, after six years with Cochlear
working in various roles ranging from
Electronic Engineer through to Project
Manager. Whilst there, he specialised
in the design, development and
manufacture of microelectronic medical
devices. Rowland graduated from the
Queensland University of Technology
with dual degrees in Electronics and
Information Technology, and has joined
ARCAA to pursue his passion for robotics
and automation.

Dr
Amisha
Mehta
is
a
Senior
Lecturer specialising in crisis and risk
communication at the QUT Business
School. Her PhD examined industry and
competitor behaviour during crisis and
transformative change. As part of the Risk
and Regulation research team for Project
ResQu, Amisha aims to contribute to
improving public trust and acceptance of
UAS. Before joining QUT, Amisha worked
in public relations for health organisations
in Brisbane, and internal communication
and account development in London.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Mehta,_Amisha.html

Dr Luis Mejias Alvarez is a Senior
Lecturer in UAVs in the Science and
Engineering Faculty at QUT. He holds
an Electronic Engineer Degree from
UNEXPO (Venezuela) and a Master
and PhD degrees from Universidad
Politécnica de Madrid (Spain). Luis’
current research areas are Collision
Avoidance and Forced Landing for
Unmanned Aerial Systems. In 2012, he
was awarded an ARC Discovery Early
Career Research Award (2012-2014) to
develop automated technologies in
aircraft emergency landing scenarios.
QUT ePrints: http://eprints.qut.
e d u . a u /v i ew/p e r s o n / M e j i a s ,_ L u i s .
html

Kerrie Mengersen

Torsten Merz

Timothy Molloy

Professor Kerrie Mengersen is a Research
Professor of Statistics in the Science
and Engineering Faculty at QUT. She
holds a PhD from the University of New
England and has held Chairs at the
University of Newcastle and QUT. Kerrie
is an accredited member of the Statistical
Society of Australia and current National
President, a member of the Advisory
Board of the International Biometrics
Society and an Executive Member of the
International Society for Bayesian Analysis.
In 2010, she received the Outstanding
Science Researcher Award from the
Wesley Research Institute. In 2012, Kerrie
joined the Risk and Regulation Stream of
Project ResQu.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Mengersen,_Kerrie.html

Dr Torsten Merz is a Senior Research
Engineer with the CSIRO. At ARCAA, he
is involved in all aspects of UAS design
with a research focus on perception,
navigation and guidance systems for
unmanned helicopters and he currently
leads the Stream 1 team for Project
ResQu. He has worked on several cutting
edge prototype systems which have
been successfully evaluated in realworld environments. Torsten received
a Diploma Degree in Informatics from
Bielefeld University and a Doctoral
Degree in Engineering from University of
Erlangen-Nuremberg, Germany. He holds
a Private Pilot License for gliders and
ratings for aerobatics and motor gliders.
CSIRO
Publications
Repository:
h t t p s : //p u b l i c a t i o n s .c s i r o . a u /r p r/
search?q=torsten%20merz

Mr Tim Molloy joined ARCAA in 2013
as a Research Associate on the ARC
Linkage Project “Automated Vision-based
Aircraft Collision Warning Technologies”.
He investigated several vision-based
techniques for tracking aircraft in noisecorrupted images. Tim is a continuing PhD
candidate at QUT, and holds a BEng in
Aerospace Avionics.
QUT ePrints: http://eprints.qut.edu.
au/view/person/Molloy,_Timothy.html
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Stratos Patsikatheodorou

Lyn Pearson

Michael Shiel

Mr Stratos Patsikatheodorou joined
ARCAA in October 2012 to work on
the ARC Linkage Project – Automated
Vision-Based Aircraft Collision Warning
Technologies, where he investigates and
compares the differences in detection
distances of automated, vision-based aircraft
using software-based, image stabilisation
techniques compared to the hardwarebased methods currently used. He has
a Bachelor of Engineering (Aerospace)
from RMIT, and is completing an Aircraft
Maintenance
Engineering
(Avionics)
course at Aviation Australia. Stratos is an
active member of the Royal Aeronautical
Society (Australian Division) and Aerospace
communities, and is involved with
educational and outreach activities to
promote Science, Technology, Engineering
and Mathematics (STEM).

Ms Lyn Pearson joined ARCAA in
2009 as its Business Administrator,
following a three and a half year stint
at the Cooperative Research Centre
for Construction Innovation. Lyn has
fulfilled a variety of functions in her role,
ranging from provision of financial and
administrative support to the Director,
senior staff and students; acting as the
Secretary to the ARCAA Board; and
overseeing the production of the ARCAA
Annual Review. She has a BEd (Adult &
Workplace) from QUT and a Diploma of
Management from TAFE Queensland. Lyn
retired from ARCAA at the end of 2013.

Mr Michael Shiel has over five years of
UAV experience, beginning with his thesis
project in 2009 with a group of 13 other
students. During 2013, whilst completing
his Research Masters on the augmentation
of UAV sensory systems, Michael worked
on the technical requirements of Project
ResQu (Stream 4), such as hardware
integration and platform installation
and maintenance. He was involved with
the small-scale Apprentice proving
platform, and the large-scale Robin 2160,
which was intended to carry substantial
computational hardware for live image
and pose reconstruction.
QUT ePrints: http://eprints.qut.edu.
au/view/person/Shiel,_Michael.html

Sridha Sridharan

Ted Steinberg

Onvaree Techakesari

Professor Sridha Sridharan is the Program
Leader of the Speech, Audio, Image
and Video Technologies group within
the Science and Engineering Faculty at
QUT. He holds a PhD from the University
of NSW and a Master of Science from
Victoria University of Manchester. Sridha
is also a Senior Member of the Institute of
Electrical and Electronics Engineers (IEEE).
In 2012, Sridha joined Project ResQu,
specifically in Stream 4 (Automated
Emergency Landing System), where his
expertise will contribute to safe forced
landing by selecting and navigating to a
suitable landing site.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Sridharan,_Sridha.html

Professor Ted Steinberg, FIEAust CPEng
RPEQ, is a member of the School of
Chemistry,
Physics
and
Mechanical
Engineering at the Queensland University
of Technology and acts as a consultant
to several international and domestic
aerospace organisations. Prior to his current
position, he lectured at the University
of Queensland and New Mexico State
University, while concurrently working
as a Principal Engineer at the NASA’s
Johnson Space Center’s White Sands Test
Facility where he conducted the world’s
first bulk metals combustion tests in
reduced gravity. Professor Steinberg is
contributing to the Risk and Regulation
stream of Project ResQu.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Steinberg,_Theodore.html

Dr Onvaree Techakesari worked on the
enhanced Flight Assist System project
across the early parts of 2013, providing
design, implementation and testing of the
various guidance laws for vertical control
in powerline inspection. Onvaree received
her BEng (Aerospace Avionics) and PhD
Degree in Electrical Engineering from the
Queensland University of Technology in
2008 and 2013 respectively, as well as being
awarded the 2010 and 2011 Amelia Earhart
Fellowships. In late 2013, Onvaree joined
the University of New South Wales as a
Research Associate. Her current work is in
the area of quantum control theory, system
model reduction and approximation, and
stochastic control theory.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Techakesari,_Onvaree.html
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Ben Upcroft

Alex Wainwright

Michael Warren

Dr Ben Upcroft is a Senior Lecturer in
Electrical Engineering in the Science and
Engineering Faculty at QUT. His interests
are in computer vision applied to mobile
robots, as evidenced through his work
on Project ResQu investigating how 3D
environment modelling using computer
vision can aid in detecting potential
landing sites for UA emergency landings.
Ben joined QUT in 2011 after previously
working at the Australian Centre for Field
Robotics (University of Sydney) and with
CRCMining (UQ). At QUT, Ben leads
the Queensland Agricultural Robotics
Centre, focusing upon the creation of
lightweight intelligent farm equipment
to lead to long-term productivity gains in
the agricultural sector.
QUT ePrints: http://eprints.qut.edu.
au/view/person/Upcroft,_Ben.html

Mr Alex Wainwright is a Research
Engineer at ARCAA working on the
Detect and Avoid stream of Project
ResQu.
He received his Bachelor of
Engineering (Aerospace Avionics) with
Honours in 2009 from the Queensland
University of Technology. As part of
Project ResQu, Alex is working on
transitioning a vision-based detect
and avoid system from a 2-seater
General Aviation aircraft to a small
UAS.
Key challenges in this project
are size, weight and power restrictions,
requiring
computationally
intensive
vision processing to run on low power
computing. Alex’s focus is on software
development and testing.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Wainwright,_Alexander.html

Mr Michael Warren joined ARCAA
in 2012 to work on the Automated
Emergency Landing System stream
of Project ResQu. Currently engaged
as a Research Associate, Michael’s
expertise in building real-time textured
3D maps of the surface underneath the
aircraft will provide automatic detection
of landing sites based upon size,
roughness, obstacles and proximity
to civilisation. He is an experienced
RC pilot, having previously provided
assistance in ARCAA’s field operations.
Michael is due to complete his PhD in
mid 2014.
QUT ePrints: http://eprints.qut.edu.
au/view/person/Warren,_Michael.html

Brendan Williams

Brett Wood

Xilin Yang

Mr Brendan Williams has over 28
years engineering experience in the
aerospace industry for the RAAF and
Boeing, working both in Australia and
internationally. Brendan is currently on
secondment from Boeing Research &
Technology – Australia to QUT as an
Adjunct Associate Professor, leading the
Risk and Regulation stream of Project
ResQu at ARCAA. He is one of Boeing’s
representatives on CASA’s UAS Working
Group, which is reviewing UAS guidance
and regulatory material. He was admitted
as an Associate Technical Fellow within
the Boeing Technical Fellowship in 2002,
and was awarded a Senior Membership of
the IEEE in 2009.

Mr Brett Wood is a Research Projects
Officer
at
CSIRO
Computational
Informatics. Brett received a Double
Degree in Microelectronic Engineering
and Information Technology with
Honours from Griffith University in 2007.
For his final year Industrial Traineeship
he completed a project at the CSIRO
Autonomous Systems Laboratory (ASL)
on the development of an Autonomous
Water Vehicle. Since joining CSIRO
in 2007, Brett has worked on several
Autonomous Robotic Systems and
Environmental
Sensor
Networks.
Brett’s current work is focused on the
development of the UAV platform
used for Stream 1 (Biosecurity/Miconia
detection) of Project ResQu.

Dr Xilin Yang joined ARCAA as a
Postdoctoral Research Fellow in 2011. He is
currently involved with several projects with
a research focus on guidance, navigation
and control of both fixed-wing and rotarywing unmanned aerial systems (UAS). At
ARCAA, he investigates extensive fields
related to forced landing of UAS including
emergent collision avoidance, robust flight
control, fault diagnosis and fault-tolerant
control and is involved in Stream 4 of Project
ResQu. He is also a casual lecturer with
QUT and teaches several aviation courses
for avionics undergraduates. Xilin obtained
his BEng degree from the Northwestern
Polytechnical University, China and a PhD in
Aerospace Engineering from the University
of New South Wales, Australia.
QUT ePrints: http://eprints.qut.edu.au/
view/person/Yang,_Xilin.html
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Research Program
1. Advanced Automated
Flight Systems
2. Sensors for Applications
3. Multidisciplinary Design
and Optimisation
4. Aviation Risk
Management and
Regulation
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The research program was strengthened
during the course of 2013, with the addition
of two new projects and a short-term
consultancy. These projects contribute to
the four focus areas of our research, and
exemplify the breadth and depth of ARCAA’s
engagement with industry and government
in delivering solutions to real world issues.

A world first, vision-based detect
and avoid system for small UAS was
successfully demonstrated in late 2013.
This transfer and maturation of technology
from the Smart Skies Project (2008-2011) is
a testament to the collaborative research
and engineering efforts between Project
ResQu partners.

The continued success of the Flight Assist
System being utilised to survey Ergon
Energy’s vastly distributed powerline
network is having real impact – what
previously took months to plan, fly and
process is now being captured, processed
and delivered within 24 hrs. This is delivering
savings of up to $14M per annum.

2014 will see the culmination of Project
ResQu and Project 4.31, and the delivery
of the Scoping Study for UAS Airspace
Integration
and
Enhanced
Conflict
Management, and UAVs for Plant
Biosecurity projects. These research
threads are anticipated to lead to further
research projects over the course of 2014
and beyond.
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New Projects
SCOPING STUDY FOR UAS AIRSPACE INTEGRATION AND
ENHANCED CONFLICT MANAGEMENT
Project Leader
Professor Duncan Campbell

Project Team Members
Mr Aaron Mcfadyen
Mr Grant Williams (Thales)
Dr Reece Clothier (RMIT)

Organisations Involved
Queensland University of Technology
Thales Australia
RMIT University

Introduction
The routine operation of unmanned aircraft
within the Australian airspace is not without
challenges or implications for current and
future proposed airspace management
systems and operations. This scoping study
will identify what those key challenges are,
and propose a series of recommendations
regarding how to progress research into
addressing these obstacles.

Aims and Objectives
The scoping study will identify existing UA
airspace integration work being conducted
elsewhere in the world, and pin-point
operational concepts specific to the
operation of UA in Australia’s distinctive
environment. Whilst UA are yet to enter
civil airspace on a routine basis, they are
becoming more prevalent as they move
beyond the military sphere into the realm of
government, private sector and commercial
operators. This use is anticipated to grow in
the future, hence the requirement to ensure
that Australia’s air traffic management
systems are ready to cater for them.

Milestones and Achievements
• Four workshops held with Thales
and RMIT
• Interim report submitted to Thales
• Article in The Australian - “Making
room for UAV air space”
Image by Jen Dainer (Industrial Arc Photography)
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New Projects
CRC PB5055 – UAVs FOR PLANT BIOSECURITY
Project Leader

Milestones and Achievements

Dr Felipe Gonzalez

Technical Report
Mcfadyen, A., Gonzalez, F., Campbell,
D., Eagling, D, Evaluating Unmanned
Aircraft Systems for Deployment in Plant
Biosecurity, Final Report PBCRC 5055,
due February 2014

Project Team Members
Professor Duncan Campbell
Mr Aaron Mcfadyen
Dr David Eagling (PBCRC)

Stakeholder Workshop
Plant Biosecurity Head Office, Canberra,
ACT, September 3, 2013.
(Present: QUT, PHA, GRAINS, DPI-VIC)

Organisations Involved
Queensland University of Technology
Plant Biosecurity Cooperative Research
Centre

Introduction
An effective plant biosecurity system is
key to protecting the future of Australian
crops and ensuring its position in the
export market.
An important part of
this process is gathering frequent and
reliable data throughout multiple stages
of the biosecurity continuum, which can
then be used by management to guide
effective and timely remediation activities.
Unmanned Aircraft Systems (UAS) are
emerging as a non-invasive solution to
a number of environmental monitoring
activities, particularly in the mining and
agricultural industries. It makes sense then
to investigate if UAS could be useful in the
plant biosecurity context, and is the aim of
this project.

Testing Platforms for close proximity inspection
using multispectral cameras

Aims and Objectives
The primary objective of the research
is to qualitatively evaluate the use of
Unmanned Aircraft Systems (UAS) for
biosecurity applications. The goal is to
determine some fundamental factors
pertaining to the operation of various UAS
that will significantly influence how and
where UAS can be effective throughout
the plant biosecurity continuum. To this
end UAS regulation and performance
attributes are considered in conjunction
to the sensor payloads they may carry.
Collectively, the study can be used
to inform key stakeholders regarding
decisions to use UAS in the near and short
term as part of a biosecurity system.
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Example monochrome images from 6 band multispectral images of diseased oats. Left: Raw image
Right: Processed image and rust symptoms circled in red
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PROJECT 9.35 – FAS TECHNICAL SUPPORT
Project Leaders

Introduction

Professor Duncan Campbell
Dr Jason Ford

The Ergon ROAMES program required
ongoing technical engineering support
from ARCAA for operational evaluation
and usage of the Flight Assist System
(FAS) developed and trialed under
previous research projects (Project 6.07
and 9.27). It focused on the systems
integration of the FAS on new aircraft
and resolution of operational items as
requested by ROAMES.

Project Team Members
Mr Duncan Greer
Mr Ryan Fechney

Organisations Involved
Queensland University of Technology
Ergon Energy
CRC for Spatial Information

Aims and Objectives
The Flight Assist System provides lateral
guidance of a survey aircraft along a
predefined route to conduct aerial

survey using a LiDAR sensor mounted
underneath the aircraft, thus optimising
the efficacy of the data capture and
reducing pilot workload in undertaking
this procedure. Project 9.35 provided
support to ROAMES in expanding their
fleet of aircraft for the conduct of this
aerial survey, allowing for approximately
120,000 km of powerline assets to be
surveyed in 2013.

Milestones and Achievements
• Integration of FAS onto additional
ROAMES aircraft
• Issue log and resolution reports
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Continuing Projects
RESQU – CREATING A MORE RESILIENT QUEENSLAND: UNMANNED
AIRCRAFT FOR EMERGENCY RESPONSE AND BIOSECURITY
Project Leader
Professor Duncan Campbell

Boeing Team Members
Miss Kelly Cox
Mr Daniel Ryan
Adj Assoc Prof Brendan Williams
Dr Michael Wilson

CSIRO Team Members
Dr Matt Dunbabin (now QUT)
Mr Dennis Frousheger
Dr Neale Fulton
Dr Stefan Hrabar
Dr Farid Kendoul
Dr XunGuo Lin
Dr Torsten Merz
Mr Brett Wood

Insitu Team Members
Mr Michael Brouckaert
Mr Mark Burton
Mr Lennon Cork
Mr Robert Harrison
Mr James Howard
Mr Robin Houston
Mr Nigel Meadows
Mr Andrew Scott

QUT Team Members
Dr Bilal Arain
Dr Dmitry Bratanov
Mr Gavin Broadbent
Assoc Professor Clinton Fookes
Dr Jason Ford
Dr Felipe Gonzalez
Dr Dominique Greer
Mr Duncan Greer
Dr Ross Hayward
Dr Sandra Johnson
Mr Andrew Keir
Mr Jonathan Kok
Mr Rowland Marshall
Dr Amisha Mehta
Dr Luis Mejias
Professor Kerrie Mengersen
Ms Lyn Pearson
Mr Michael Shiel
Professor Sridha Sridharan
Professor Ted Steinberg
Dr Ben Upcroft
Mr Alexander Wainwright
Mr Michael Warren
Dr Xilin Yang

Other Team Members
Dr Reece Clothier (RMIT)
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Introduction
Project ResQu is a 2 year, $7M project
co-funded through the Queensland State
Government Smart Futures Fund, Boeing
Research and Technology Australia, Insitu
Pacific Ltd., CSIRO and QUT.
Unmanned Aircraft (UA) can fly for
extended periods of time and in conditions
considered too dangerous for piloted
aircraft, making them ideally suited to
operations such as the continuous mapping
of floodwaters and fire-fronts, assessing
damage to infrastructure and locating
disaster survivors. UA would have greatly
assisted Queensland’s 2011 disaster
response had it been possible to obtain
approval to fly. This project undertakes
the safety studies and development of the
automated safety technologies necessary
to enable the timely approval of UA for
disaster recovery, as well as routinely
delivering benefits through surveys for
biosecurity and resource management.
ResQu comprises a challenging mix of
project streams ranging from early stage
research through to industry demonstrators
and technology transfers. A key aim of
the project is to bridge the gaps between
research, industry implementation, and
public uptake.

Milestones and Achievements
December 2013 marks the three quarter
point in the project, with six months to
go until its completion in June 2014.
In the 18 months that the project has
progressed, the UA industry has seen
significant activity. In particular, there
has been an increase in discussion
around the utilisation of UAS (Unmanned
Aircraft Systems) for bushfire monitoring
and search & rescue activities. To date,
a consensus has not been reached in
regards to the safe integration of UAS
into the civilian airspace.
This same
observation can be made for the major
airspaces of the world. The timeliness and
importance of research like that carried
out in project ResQu have never been
more evident.

To this end, the project has progressed
well with the research in its four streams.
To date, it has met all high-level milestones
outlined within the project. In addition,
ARCAA and the project have sought
out
opportunities
for
engagement
within the community, as well as within
relevant government organisations such
as BioSecurities, Rural Fire Services and
Emergency Management in order to
improve the understanding of how the
technology may best be utilised, whilst at
the same time ensuring that the research
aims remain relevant to the ultimate
needs of the end users. The Miconia team
have successfully flown prototypes of
their system in the field above bushland;
the AELS team has commenced partial
integration flight trials aboard the ARCAA
Airborne System Laboratory, a Cessna 172;
the Risk & Regulation team have provided
an incremental update to the Civil Aviation
Safety Authority; and the Detect and Avoid
team have achieved a world first when they
successfully flew the Smart Skies vision
based detection technology onboard the
small ScanEagle unmanned aircraft.

Stream 1 – Sensing and Platform
Automation for Miconia Application
Leader: Dr Torsten Merz (CSIRO)
The
Biosecurity
Application
stream
is focused on the development of an
unmanned aircraft system for performing
Miconia weed surveys. The team is focusing
on the autonomous systems that enable
safe low-altitude flight in difficult terrain, a
sensing system that captures data suitable
for manual off-line detection of weeds such
as Miconia, and tools for generating survey
flight plans and off-line analysis. These will
be demonstrated in flight tests.

Stream 2 – Risk & Regulation
Leader: Adj Assoc Prof Brendan
Williams (QUT/Boeing)
This research team is working to address
the most critical barrier to the realisation
of routine Unmanned Aircraft (UA)
operations – the need for appropriate
regulations to provide assurances in the
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safety of UA operations. The systematic
study of the safety risks and social issues
relating to the acceptance of these risks
is foundational to the development of
effective regulations for UAS.

Stream 3 – Detect And Avoid
Leader: Dr Michael Wilson (Boeing)
The team is working to migrate the Detect
And Avoid (DAA) system developed in
SmartSkies from a Cessna scale platform
to a commercially utilised small UAS
platform. This technology is key to the
safe utilisation of UAS in mixed airspace,
and this represents a key step in achieving
a viable product.

Stream 4 – Autonomous
Emergency Landing System
Leader: Dr Luis Mejias (QUT)

in the largest demonstration of a UAS
swarm in the Southern hemisphere. This
consisted of a choreographed artistic
demonstration of 30 quadcopters flying
simultaneously, which was visible for many
kilometres around the Brisbane city. This
event was reported internationally, and
would not have been possible without the
collaborative regulatory efforts provided
by ARCAA and CASA.

Looking Forward
Project ResQu will draw to a close in June
2014, having successfully demonstrated
a suitable application of UAS as well as
delivering key research milestones in the
establishment of suitable regulations
and the development of the necessary
supportive technologies.

The roadmap for the integration and
utilisation of UAS for civilian purposes is
a journey of technology development,
public
education
and
commercial
realisation that is expected to take many
years. Project ResQu is a continuation
of the successes garnered from the
SmartSkies research project, and is
expected to again deliver good results
for the benefit of the industry and the
Australian public. As an on-going function
of ARCAA’s role as catalyst and guide to
the civilian UAS industry, it is the aim of
the project to deliver a forecast roadmap
for the foreseeable future. It is envisaged
that ARCAA will continue to pursue this
roadmap over the coming years.

The “AELS” team are focused on the
development of a key technology that
will enable the operation of UAS over
populated areas.
A current known
limitation of UAS is the ability to perform
an emergency landing unassisted in the
event of a failure such as communication
breakdown or engine failure.

Engagement & Public Education
Key barriers to the effective utilisation
of UAS for civilian applications include
the public acceptance of the technology,
and an adequate skilled labour base to
support it as it grows. In order to meet
these barriers ahead of demand, project
ResQu and ARCAA are actively engaged
in education and promotion. Key facets
of this have included support of the
UAV Outback Challenge, attendance at
relevant career and industry days, and
the hosting of various industry and school
visitors to the ARCAA facility.
In addition, ARCAA identified an
opportunity for public engagement
through the support of the QUT/ARS
Electronica UAS demonstration at the
QUT Robotronica day in August. This day
was attended by approximately 30,000
members of the public, and culminated

The joint Boeing, Insitu Pacific and QUT Flight Team on field trials

Miconia inspection team with CSIRO Hotel Delta

Adjunct Associate Professor Brendan Williams
providing an update on the Risk and Regulation Stream

Dr Luis Mejias leads the Automated Emergency
Landing System team

ResQu Project Manager Rowland Marshall and
Insitu Pacific Chief Pilot Nigel Meadows with the
ScanEagle after successful DAA experiment
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Continuing Projects
PROJECT 4.31 – ENHANCED FLIGHT ASSIST SYSTEM (EFAS) FOR
AUTOMATED AERIAL SURVEY OF POWERLINE NETWORKS
Project Leader

Introduction

Milestones and Achievements

Dr Jason Ford			

Routine aerial inspection of large
powerline networks at low altitude
with fixed-wing aircraft is a potentially
hazardous task. Through the automation
of planning and aircraft control, the safety
and efficiency of the powerline inspection
can be improved. Since 2009, ARCAA
has researched and developed flight-test
proven automated powerline inspection
technologies, through research programs
with the CRC for Spatial Information and
Ergon Energy.

• Developed survey planning techniques
to optimise both on-survey and offsurvey paths, leading to reductions
in survey length and better obstacle
avoidance
• Developed new flight path design
tools leading to further reduction in
survey length by improving on-survey
path design
• Conducted survey of operational
pilots to elicit quality assurance and
feedback, and to identify future
research objectives
• Australian and global licence exercised
on the FAS background IP developed
by ARCAA for the CRCSI
• Filing of a provisional patent by the
CRCSI relating to the 3D strategic
flight planning component of research
undertaken by ARCAA
• One journal and three conference
papers

Project Team Members
Professor Duncan Campbell
Dr Luis Mejias				
Dr Felipe Gonzalez
Dr Troy Bruggemann
Dr Onvaree Techakesari
Mr Jonathan Kok
Mr Ryan Fechney
Mr Dirk Lessner
Mr Duncan Greer
Mr Gavin Broadbent
Mr Andrew Keir

Organisations Involved
Ergon Energy
CRC for Spatial Information
Queensland University of Technology

Aims and Objectives
This project extends the 2D aircraft flight
path planning, data capture and flight
assist concepts developed under CRCSI
Project 6.07 and Project 9.07 to an active
3D capability. This enables automated
and optimised flight management and
planning for large-scale infrastructure
aerial surveys. This work also makes a
step towards fully autonomous aerial
survey with UAVs where a complete 3D
planning and automated flight capability
is required.

ASL fitted with CM-160 gimbal camera system for sensor based active guidance research
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ARC DISCOVERY EARLY CAREER RESEARCHER AWARD (DECRA) –
DEVELOPING NOVEL CONCEPTS FOR IMPROVED SAFETY IN AIRCRAFT
EMERGENCY SITUATIONS
Project Leader
Dr Luis Mejias Alvarez

Project Team Members
Dr Xilin Yang

Organisations Involved
Australian Research Council
Queensland University of Technology

Introduction
While
state-of-the-art
automated
navigation systems exist for aircraft, there
is a lack of automation in scenarios where
the aircraft experience an emergency
situation. This project will contribute to
the fundamental knowledge addressing
scientific challenges with novel detection,
control and planning algorithms that can
improve a pilot’s visual situation awareness
in emergency landing scenarios. The
expectation of 5% growth per year in air
traffic would indicate that emergency
situations addressed by this project would
increase unless new technologies are
specifically developed to mitigate these
effects. The benefits of this project will be
shown in a compelling manner through
complex simulations and flight testing.

Aims and Objectives
The aim of this project is to create an
emergency system based on novel
detection,
control
and
planning
algorithms that can be used in specific
cases to improve pilot’s visual situation
awareness in emergency forced landing
scenarios. This work will be evaluated in
the context of a landing site detection and
guidance problems.

The project objectives are:
1. Development of detection algorithms
for finding suitable landing sites in
real images collected from an onboard
sensor (machine vision camera).
2. Development of planning and inner
control algorithms that using detected
landing sites, find an optimal way
to achieve the goal of landing on a
suitable place, assuming an unpowered
and controllable aircraft.
3. Combining the algorithms developed
in (1) and (2) under a visual control
framework to provide an integrated
system for the manned aviation
industry of today, and also to the
growing unmanned aviation industry
of tomorrow.

Milestones and Achievements
In 2013 two papers were published and
two others are currently under review
presenting the novel detection and
control algorithms developed.

• A TV appearance in ABC Catalyst on
Thursday, 26 September 2013. In this
episode Dr. Mejias demonstrated the
outcomes of the current simulation
framework
developed
under
DE120100802.
Peer reviewed conferences
1. Yang, X. & Mejias, L., (2013) A neuralnetwork based flight controller for
UASs. In IFAC Symposium on Intelligent
Autonomous Vehicles, International
Federation of Automatic Control (IFAC),
Gold Coast, Qld. Australia.
2. Mejias, L. & Fitzgerald, Daniel L. (2013)
“A multi-layered approach for site
detection in UAS emergency landing
scenarios using geometry-based image
segmentation”. In Proceedings of
the 2013 International Conference on
Unmanned Aerial Systems (ICUAS’13),
IEEE Control Society, Atlanta, Georgia,
pp. 366-372.
Article in The Australian

Achievements for 2013
• A number of piloted aircraft data
collection campaigns have been
conducted. This has allowed the
development and validation of several
algorithms.
• A site detection algorithm has been
investigated and tested. (see [2])
• A flight control strategy for emergency
landing has been investigated and
simulations performed. (see [1]).
• A media release in an Australia wide
newspaper highlighting the benefits
this project will bring to the aviation
industry.

ABC Catalyst story
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Completed
ARC LINKAGE PROJECT – AUTOMATED VISION-BASED
AIRCRAFT COLLISION WARNING TECHNOLOGIES
Project Leader

Introduction

Dr Jason Ford

Over the next 20 years there will be
great demands placed on our national
airspace resource as the number of
aircraft increases and the amount of
aircraft congestion at airports grows.
This increased density of aircraft leads
to an increased risk of mid-air collisions
between aircraft. Reducing collision
risk is the goal of this investigation into
novel vision-based collision warning
technologies
that
can
supplement
the human pilot visual-based collision
avoidance role in support of safe aircraft
operation. Successful development of
suitable vision-based collision warning
technology would help enable the

Project Team Members
Dr Luis Mejias
Dr Xilin Yang
Mr Stratos Patsikatheodorou
Mr Aiden Deem
Mr Tim Molloy

Organisations Involved
Australian Research Council
Boeing Research and Technology Australia
Queensland University of Technology

introduction of advanced airspace
automation concepts and help improve
the overall safety of the air-traffic system.

Aims and Objectives
The aim of this project is to investigate
automated vision-based aircraft collision
warning technologies.

Milestones and Achievements
During 2013 the project focused upon the
investigation of new detection algorithm
features. With the project ending in
2013, the outputs of the research project
have appeared in three journal and two
conference papers.

The ASL commences another data acquisition flight for the ARC Linkage Project
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Research Facility
The ARCAA research facility is an architecturally
designed and award-winning building which has
been purpose built to meet the unique needs
of ARCAA researchers.
With more than 40
research academics, engineers, support staff
and students, ARCAA hosts a range of activities,
stakeholders, partners and visitors, including the
Executive Director of AAUS. The design includes
open plan office space, an aircraft simulation and
testing laboratory, avionics development, general
workshop and indoor flying area.
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Airborne Systems Lab (ASL)
Pilots
Mr Duncan Greer (Lead Pilot)
Mr Dirk Lessner
Dr Felipe Gonzalez
During 2013, the Airborne Systems
Laboratory carried out a total of 41.6 hours
of operational flying of which 26 hours
related to experiment Data Collection, 11.4
hours to new capability development, 2.5
hours to public relations and promotional
activities and 1.7 hours to crew proficiency
or recency flying.
The ASL supported a number of key
projects during 2013.
The ASL carried out CRC-SI eFAS project
flight trials relating to the development
of new control algorithms for flight
in turbulence and thermals as well as
developmental flying for Sensor Based
Active Guidance. For these experiments,
new sensor capabilities were added to the
ASL in the form of a Radar Altimeter and an
EO/IR Camera Gimbal. This second activity
required a new camera mount to be
developed, tested and fitted to the aircraft.

The DAA trials were carried out in
conjunction with Boeing Research and
Technology Australia, and Insitu Pacific
Limited (IPL) and were staged out
of Watts Bridge Aerodrome, west of
Brisbane. The trials involved using the
ASL as a ‘target’ aircraft to test a lightweight Detect and Avoid experiment
that was fitted to an Insitu ScanEagle
aircraft. The ASL and ScanEagle aircraft
flew a total of 26 simulated collision
encounters.
For the AELS project, the ASL was
fitted with prototype aircraft guidance
computers designed to guide the
aircraft to a safe landing location in the
event of an airborne emergency (for
example, engine failure).

The ASL also supported a Boeing Research
and Technology Australia (BR&TA) project
testing the effectiveness of ground-based
ADS-B and SSR Transponder interrogators
for ground-based aircraft separation
assurance. This technology is a follow on
from the Smart Skies project where the
ASL was used to test ground-based radar
called the Mobile Aircraft Tracking System
(MATS). This work formed part of BR&TA’s
Common Operating Picture (COP) project.
The ASL supported ARCAA promotional
activities through attendance at the
Aviation Australia Aviation Careers Expo
held in July 2013. This involved flying the
aircraft to Brisbane Airport where it was
part of a static display also involving the
ARCAA Mobile Operations Centre and
UAV systems.

The ASL also supported Project ResQu
flight trails for Detect and Avoid (DAA)
and the Automated Emergency Landing
System (AELS).

Mobile Operations Centre (MOC)
The MOC continued to provide critical
support for field based research programs
during 2013, including Project ResQu
and Project 4.31. It also acted as a key
drawcard for our myriad of community
and engagement activities, with a
presence at such events as the Avalon
Airshow, Aviation Careers Expo, Science
and Engineering Week, Robotronica and
the UAV Challenge: Outback Rescue 2013.
Improvements to the antenna mast and
onboard computational resources were
also undertaken.

Senior Research Engineer Dirk Lessner in the MOC cabin
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Field Deployment Van
The ARCAA field deployment van is a vehicle fitted out specifically
for transporting and operating small unmanned aircraft. Primarily
used for rotorcraft UAS operations, the internal equipment includes
a heavy duty platform with tie down points providing secure
transportation for two aircraft. The right side of the platform
also forms a slide out table enabling safe and easy access to the
unmanned aircraft for pre-flight checks and maintenance.
Other equipment installed in the van includes a fixed work desk, a
ground station computer with telemetry system and touch screen
display, a battery power system, a NextG modem providing network
connectivity, an air band VHF radio and safety equipment. The field
deployment van continues to provide an excellent deployment
capability for regular and efficient flight operations and in 2013 was
used extensively for the aerial imaging project, Stream 1 of Project
ResQu and supporting the UAV Challenge.

Fixed Wing UAVs
During 2013, the ARCAA UAS team
continued work on re-establishing ARCAA’s
UAV operating capability.
In 2013, Gavin Broadbent joined the
ARCAA team as a UAV Technician. Gavin
is a world-renowned remote control
aircraft pilot and has worked on the design,
maintenance and flight testing of UAV
systems in Australia and overseas. Gavin
brings a wealth of fixed and rotary wing
experience to the ARCAA UAV team.

A comprehensive refurbishment of
the Flamingo platform was carried
out, including fitting a new and more
powerful engine. Flight testing of the
new engine demonstrated an improved
maximum take-off weight capability,
allowing larger research payloads to be
carried. The upgrade also fitted a larger
fuel tank and storage batteries allowing
longer flight endurance.

The UAV team also commenced work
on obtaining a UAV Operator Certificate
(UOC), which is a new CASA requirement
needed in order to hold UAV Area
Approvals for operation above 400 feet
AGL. Previously ARCAA was able to hold
these Area Approvals without the need
for a UOC.
ARCAA established a new UAV operating
area near Dalby by developing a
relationship with the Dalby Model Aero
Club. The Dalby site is a very open
and safe operating environment with
excellent runway surfaces and facilities.
This environment is perfect for testing
experimental UAV systems with very low
risk to 3rd parties. The site is located
within a large commercial farm, providing
opportunities for testing UAV agricultural
applications in the future.
A heavy-lift multi-copter capability
has been added to ARCAA’s UAV
operating expertise thanks to a capital
equipment grant won by QUT’s Dr Felipe
Gonzalez and Dr Grant Hamilton. The
DJI S800 aircraft are expected to be
commissioned in the early part of 2014.
ARCAA will work closely with researchers
from the Science and Engineering
Faculty on operational training, risk
management, payload integration and
platform development.
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Rotorwing UAVs
Regular operations of the CSIRO helicopter
UAS continued in 2013 with Hotels Alpha,
Delta and Echo logging a total of 52 hours
of flight. Flight operations were in support
of the Aerial Imaging project, capturing
overhead imagery of research crops in visual,
near infrared and thermal infrared spectrum,
and in the development and testing of
capability for stream 1 of Project ResQu.

Additional capability was added to the QUT
UAV fleet with the acquisition of three DJI
S800 EVO and two F550 multirotor platforms
– these will be teamed with advanced
sensing equipment including multispectral,
hyper-spectral, LiDAR and gas sensors in
order to provide researchers with a new
toolset in addressing biosecurity, precision
agricultural, environmental monitoring and
infrastructure assessment applications.

QUT DJI S800 with TetraCam Mini-MCA6
multispectral camera

The CSIRO helicopter UAS is a single main
rotor helicopter powered by a 23cc petrol
engine with a maximum take-off weight
of 12.3 kg and main rotor diameter of 1.8
metres. With maximum flight endurance of
60 minutes, the aircraft can be configured
with different sensors and flight modes to
support a variety of research areas. Flight
modes include GPS waypoint navigation,
automatic take-off, terrain following and
obstacle avoidance.
2013 saw continued use of multirotor
helicopters to support research, including in
Stream 4 of Project ResQu. Aircraft utilised
include Ascending Technologies Pelican quad
rotors and Skybit Systems Eagle quad rotors.

CSIRO Hotel Delta UAS

Indoor Flying Laboratory
(IFL) & VICON System
ARCAA’s Indoor Flying Laboratory is a custom designed space fitted with a VICON
camera system to allow controlled flight testing for research domains such as collision
avoidance, vision-based navigation, and human factors. Throughout 2013, the IFL was
a critical element for a range of research projects, and also supported teaching and
learning activities at both undergraduate and postgraduate level. The IFL saw further
improvements to wider systems integration within the ARCAA facility, with a focus on
maturation of technologies to support the interactive tabletop and VICON system
interaction.

Indoor Flying Lab. Image by Erika Fish (QUT)

TAAATS Feed
Through an agreement established with
Airservices Australia in 2011, ARCAA has
access to a near real-time data feed from
The Australian Advanced Air Traffic System
(TAAATS), allowing our researchers to
operate on real traffic networks to develop
strategic level separation algorithms
and propose advanced human machine
interfaces. It has been successfully ported
to a graphically rich user interface for
operation on our multi-user, multi-touch
interactive table.

Image by Erika Fish (QUT)
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Award

Recipient

Date Awarded Award Context

QUT Vice-Chancellor’s
Performance Fund

Dr Luis Mejias

November, 2013

In recognition of superior performance in research
publications and outputs

QUT Vice-Chancellor’s
Performance Fund

Dr Troy Bruggemann

November, 2013

In recognition of sustained and diverse
contribution to research, teaching and leadership

QUT’s Vice-Chancellor’s
Performance Fund aims to
acknowledge and reward the
outstanding achievement of
academic and professional
staff by providing performance
awards. The Vice-Chancellor’s
Performance Fund enables
recognition of staff who have
made a superior contribution
in a particular area of activity.

Collaboration &
Community Engagement
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The UAV Challenge – Outback Rescue 2013
The UAV Challenge Outback Rescue was
run again in 2013 and was as successful as
ever. ARCAA has been managing the UAV
Challenge since 2007. The event was started
with the aim of educating the public while
at the same time inspiring young people
and enthusiasts around the world to get
hands on experience and actually build and
test unmanned aircraft while competing for
significant prize money. The UAV Challenge
has become a significant international event
and is very well known around the world.
The internationally competitive Search and
Rescue component of the Challenge now
runs on a two-year cycle, and the 201314 cycle began in 2013 with the flying
component to take place in September 2014.
The 2013 event focused solely upon the
Airborne Delivery Challenge section of the
UAV Challenge, which saw high-school teams
from schools around Australia compete at
Calvert Radio Aero Modellers Society Flying
Field, west of Ipswich in Queensland.
The event was organised by ARCAA and
CSIRO with sponsorship from Boeing,
Insitu Pacific, Northrop Grumman and
Mathworks, and was supported by the
Queensland Government, the Australian
Association for Unmanned Systems and
UAS Pacific. The event also received
valuable technical assistance from VTOLAerospace and Aviation Australia.

Sponsorship and support for the UAV
Challenge continues to grow. Our
foundation
co-organisers
and
now
sponsors, Boeing and Insitu Pacific again
sponsored the UAV Challenge. The
Queensland Government also announced
financial support for the 2013 and
2014 UAV Challenge, with the Minister
for Science, Information Technology,
Innovation and the Arts Ian Walker
attending the 2013 event to meet the
high-school teams participating in the
Challenge. The event organisers were also
delighted to announce a new sponsor in
2013 and 2014, Northrop Grumman.
At the end of 2013, there were still 76 teams,
from 20 countries, active in the international

Search and Rescue competition. The
organisers are looking forward to the flying
event in September 2014.
Finally, 2013 was a great year for media
promotion of the UAV Challenge. The
2013 event itself was featured on Network
Ten’s Totally Wild TV show. However,
the major media exposure for the UAV
Challenge came when Network Ten aired
a 43-minute long documentary, “Robots
in Flight”, about the 2012 Search and
Rescue Challenge, held in Kingaroy.
The Challenge will be on again in 2014
with both Airborne Delivery and Search
and Rescue Challenges. The event will be
held in Kingaroy.

“This competition is significant because it introduces high school and university
students to UAV technology and shows them how it can help solve real-world
problems. Given our company’s leadership in the field of unmanned aircraft
systems, we are pleased to be supporting this important initiative, which will
help create the next generation of aerospace professionals.”
– Ian Irving, Northrop Grumman’s Chief Executive for Australia.

The top three teams, in order, were
Calamvale Raptors II, MUROC Hawks
2.0, and MUROC Crazy Cubz. The Search
Phase part of the competition was won by
the Calamvale Reapers. The Insitu Pacific
Airmanship Award was given to Fletcher
Thomas of Riverton and District High
School, South Australia.
Airborne Delivery Challenge winners Calamvale Raptors II

2013 was a landmark year for the Airborne
Delivery Challenge as it was the first year
that we saw the successful use of a multirotor helicopter platform. A team from
Mueller College, The Hexfactor, managed
an autonomous drop to Outback Joe,
placing the chocolate bar within 10m
of the target and being awarded bonus
points! It was great to see autonomy
being used by the high-school students
and is an indicator that both students and
machines are growing in sophistication
every year that the event is run.

Search Phase winners Calamvale Reapers

Minister for Science, Information Technology,
Innovation and the Arts Ian Walker with the
Calamvale Reapers team
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The UAV Challenge – Outback Rescue 2013
Organisers
ARCAA
CSIRO
QUT

Platinum Sponsors
Insitu Pacific
Northrop Grumman

Gold Sponsors
Boeing
Mathworks

Supporters
AAUS
Queensland Government
UAS Pacific

“Good to go!” - MUROC Fortune Flyers

Outback Joe patiently awaits rescue from
Team Hexfactor.

3rd place: MUROC Crazy Cubz

2nd place: MUROC Hawks 2.0

Aviation High - Condor’s Vengeance

Team Hexfactor, who achieved the first successful autonomous drop
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The judges - Leata Alaimoana (Aviation Australia), Mark
Xavier (VTOL-Aerospace) and Jon Roberts (CSIRO)
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The teams and their support

Aviation High Argonauts

Riverton & District High School

Dickson College with Northrop Grumman

The flight line
Calamvale Raptors II conduct a test run

The successful Calamvale College teams Raptors II and Reapers
Pre-flight checks

Insitu Pacific Airmanship Award - Fletcher
Thomas (Riverton & District High School)

Queensland Government presenting the
Search Phase trophy to Calamvale Reapers

Northrop Grumman presenting the Airborne Delivery
Challenge trophy to Calamvale Raptors II
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Avalon International Airshow
The 2013 Australian International Airshow
and Aerospace & Defence Exposition was
held from the 26th of February to the 3rd
of March, attracting over 168,000 visitors
across the six days of the event. ARCAA’s
impact as an exhibitor was augmented by
the presence of the MOC, Flamingo and
CUAS Helicopter platforms, providing
an integrated suite of technologies
that engaged industry and public alike.
Staff also provided support to the UAV
Challenge: Outback Rescue booth inside
one of the trade halls.

Aviation Careers Expo
The 2013 Aviation Careers Expo was held
on the 24th of August on the premises
of Aviation Australia. ARCAA’s presence
was made through an internal booth,
providing an opportunity to interact with
the general public and demonstrate the
research undertaken through a display of
rich media; and a tarmac display of the
ASL, MOC and Flamingo.

Visiting Academics
Professor Gilles Coppin
Télécom-Bretagne, France

Dr Jean-Philippe Diguet
CNRS, France

The CNRS Lab-STICC SWARMS team in France with Professor Duncan Campbell
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Professor
Gilles
Coppin
(TélécomBretagne, France) and Dr Jean-Philippe
Diguet (CNRS, France) visited ARCAA as
part of the CNRS Lab-STICC sponsored
SWARMS project. The collaboration
is
investigating
the
applicability
and potential gains in using field
programmable gate arrays for complex
onboard computational tasks for small,
unmanned aircraft.
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Robotronica

It was early on a cold July morning, at a
location west of Brisbane still covered
in frost from the night before, that an
unusual mix of researchers, digital artists
and regulators assembled together. Two
of the attendees, members of the Ars
Electronica Futurelab Spaxels Team,
had stepped off a flight from Austria the
day before; whilst the others attending
were a mixture of ARCAA researchers
and members of the Civil Aviation Safety
Authority’s Unmanned Aircraft Systems
(CASA UAS) group.
They had come
together to evaluate a strange, new
proposal: would it be feasible to fly 30
multi-rotor unmanned aircraft in mixed
airspace, in the middle of the Brisbane
CBD, at night?
Fast forward just over a month, and that
question was answered resoundingly
in front of several thousand people
assembled on the lawn at QUT for the
Robotronica event - a unique spectacular
that aimed to engage an audience of all
ages with a vision of what a future full of
robots might look like. At exactly 6pm,
30 multi-rotors took off from the grass
on the Brisbane Riverstage, where for
the next hour they danced around the
skies in a precise, computer controlled
formation 100 metres above the ground.
The synchronised display provided
those in the audience, and many others
for kilometres around the CBD, with a
glimpse of just one of the wonderful
possibilities of unmanned aircraft in every
day life. The three dimensional display

was a thought provoking and inspirational
production that both captivated and
entertained the audience.
The effortless nature of the display belied
the tremendous amount of background
effort that went into making the operation
a reality. The idea was first formed out
of discussions between QUT and Ars
Electronica many months prior, and it soon
became evident that the logistics would
require assistance from experienced
aviation professionals. ARCAA was first
brought into the discussions in April,
and quickly took on the task of reviewing
the safety and regulatory aspects of
the production - this was to be a first for
Australia and the Southern Hemisphere,
and it would take a concerted effort
to make it a reality. Forward thinking
members of the CASA UAS group, who
also saw the tremendous potential of such
a test case, provided invaluable support
towards making this a reality.
Hundreds of hours and many months
later, the results spoke for themselves.

Scan the QR
code to relive
the event.

Acknowledgements
Robotronica wouldn’t have been possible without the efforts of:
• Ars Electronica Futurelab
• Queensland University of Technology
• Civil Aviation Safety Authority
• Brisbane City Council Riverstage
• Queensland Police
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Innovation Alley
QUT Innovation Alley was a public
engagement activity that coincided
with the TEDxQUT presentations, held
10 August 2013. A static display of
the Flamingo UAV, coupled with rich
media demonstrating the breadth of
the research undertaken at ARCAA, was
accessed across the course of the day by
members of the general public.

Innovation Alley was held within the new Science and Engineering Centre at QUT Gardens
Point campus

Australian Association for
Unmanned Systems

AAUS Executive Director, Ms Peggy MacTavish

ARCAA continued to host Ms Peggy
MacTavish, the Executive Director of the
Australian Association for Unmanned
Systems (AAUS) during 2013, providing
an environment conducive to the
achievement of AAUS’ membership
growth, advocacy and profile raising.
The AAUS Executive was strongly
represented by ARCAA staff, with
Professor Duncan Campbell and Dr
Matthew Dunbabin respectively fulfilling
the roles of Treasurer and Secretary on

the AAUS Executive. AAUS continues
to play an integral role in providing
commentary and raising the profile of
the utilisation of unmanned systems,
intersecting
across
the
insurance,
privacy and regulatory spectrum. These
efforts will continue to advance AAUS’s
objective to promote a professional,
safe and commercially viable unmanned
systems industry.

Power of Engineering
The Power of Engineering program aims
to inspire young people, particularly
female, to consider a diverse and creative
career in engineering. Since 2012 ARCAA
has supported the Power of Engineering
program through the hosting of facility
tours, providing hands on experiences
for students to explore unmanned
aircraft, their associated technologies,
and to discover the myriad applications
for community benefit.
Students discover the applications of stereo vision from Dr Stefan Hrabar
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PhD and Masters Students
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New
Xufeng Guo – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Guo,_Xufeng.html

Research Title: Automatic Scene Understanding from Aerial Imagery
An Unmanned Aerial Vehicle (UAV) is controlled either autonomously by an embedded system, or remotely controlled
by a pilot. In some situations, an autonomously controlled UAV will be forced to land due to unforeseen reasons such
as a technical malfunction or running out of fuel. In this case, the UAV should have the capability to automatically
select the forced landing location. Unfortunately, current image processing techniques cannot provide a reliable or robust means to decide
these safe landing locations. The purpose of this PhD is to research and develop new machine learning techniques for a UAV to judge
whether the current landform captured by visible cameras onboard the UAV will be suitable to perform emergency landings. The outcome
of the proposed research will enable autonomous approaches for UAVs to assess the relative safety of different forced landing locations.
Supervisors: A/Prof. Clinton Fookes (QUT), Professor Sridha Sridharan (QUT) and Dr Luis Mejias (QUT)				
										

Pedro Pablo Plazas Rincon – Masters by Research
Research Title: Reconfigurable Autopilot Flight System for both General Aviation and Unmanned Aerial Systems
This research project will design, develop, implement and test a 3D Reconfigurable Autopilot Flight System
(RAFS) that will be used in a fixed-wing civil aircraft and a fixed-wing UAV. The research involves the development
of interfaces for seamless manned-unmanned aircraft usage using commercial-off-the-shelf (COTS) hardware.
Advanced software routines will also be developed to straightforward reconfiguration between platforms.
Supervisors: Dr Luis Mejias (QUT) and Professor Duncan Campbell (QUT)				
														

Laure Charton
(May 2013 to September 2013)
Masters of Engineering (Télécom-Bretagne)

Research Title: Unified Framework for Interactive Table
Ms Laure Charton from Télécom-Bretagne, France, spent an internship at ARCAA as part of her Masters of
Engineering developing a HTML5 framework to interact with controls and data sources through the MAVlink protocol.
This work contributes toward the command and control of multiple unmanned aircraft by a single mission commander or operator.
Supervisor: Professor Duncan Campbell (QUT)
														

Sarah Schaber
(May 2013 to March 2014)
Masters of Engineering (Universität Stuttgart)

Research Title: Multidisciplinary Design and Flight Testing of a Solar Powered UAV for Environmental Gas Sensing
The aim of this project was to develop a highly efficient solar powered UAV for environmental monitoring. An efficient
wing as well as the implementation of an effective gas sensing system were developed. The UAV was designed to be
cost effective, lightweight, hand-launched and powered by green solar energy. The research also included bench and flight testing of each
subsystem to prove the capabilities of the design. A fully operative gas sensing system was developed with flight tests of the complete UAV
platform conducted to demonstrate its capacity to perform a gas sensing mission following a predetermined flight path.
Supervisor: Dr Felipe Gonzalez (QUT)
														

Jan Trachte
(August 2013 to May 2014)
Masters of Engineering (Universität Stuttgart)

Research Title: Design and Implementation of a Position Control using Nonlinear Model Predictive Control
(NMPC) on a Multi-rotor Micro Aerial Vehicle (MAV) with Swung Load
This research developed a NMPC position controller for a quadrotor with a swung load. The method was compared
to conventional control algorithms such as proportional-integral-derivative (PID) using the ARCAA indoor flying lab. Results will be
published at the ICUAS 2014 conference.
Supervisor: Dr Felipe Gonzalez (QUT)
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Continuing
Alexander Malaver Rojas – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Malaver_Rojas,_Alexander.html

Research Title: Design of a Gas Nanosensor System for Solar Powered UAVs
This research focuses on the design and development of a light gas sensor system for solar powered unmanned
aerospace vehicles (UAV). The first stage considers the development of the gas sensor system, power
consumption, size and weight. The second stage is to configure the general aircraft systems; solar panels and energy management
electronics; control and communication electronics; and ground control station. A mathematical model of the aircraft and the gas
sensor system will be developed to predict the performance of the final prototype.
Supervisors: A/Prof. Nunzio Motta (QUT), Dr Felipe Gonzalez (QUT), Professor Peter Corke (QUT) and Professor John Bell (QUT)
													

Fernando Vanegas Alvarez – PhD
Research Title: Optimal Control and Optimal Path Planning of UAV in a Three Dimensional Environment using
Partially Observable Markov Decision Process (POMDP)
The aim of this research is to develop mechanisms that accelerate the computation of optimal path planning
algorithms so that they become a feasible solution to path planning on an on-board computer. One possible
approach to model these types of uncertainties present after executing a command are Partially Observable Markov Decision
Processes (POMDP). Computing algorithms for finding solutions to POMDPs currently takes minutes or hours depending on the
computer’s capacity, mostly due to the large complexity and the amount of data involved.
Supervisors: Dr Felipe Gonzalez (QUT) and Professor Duncan Campbell (QUT)
														

Tim Molloy – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Molloy,_Timothy.html

Research Title: Vision-Based Tracking of Manoeuvring Targets in Potential Collision Scenarios
This research project is exploring new machine vision approaches to provide a prolonged awareness of the
motion of manoeuvring aircraft. Novel solutions to several related stochastic decision and estimation problems
are also being investigated. Previous research efforts have demonstrated that machine vision systems are able to reliably track
potential collision threats (at ranges required for fixed-wing UAV collision avoidance) provided that they maintain a near-constant
relative velocity. However, in most realistic scenarios, potential collision threats (and the observing aircraft) are likely to be performing
avoidance manoeuvres.
Supervisors: Dr Jason Ford (QUT) and Dr Ben Upcroft (QUT)

Liam O’Sullivan – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/O=27Sullivan,_Liam.html

Research Title: Control of Agile Robotic Platforms using Visual and Inertial Sensor Fusion
An alternative solution for robot estimation and control tasks is to rely on onboard visual and inertial sensors
only. The proposed research aims to implement Vicon-like estimation and control on a completely onboard
sensor suite for a quadrotor platform. This will enable the platform to become independent of its environment or ‘infrastructure free’
and allow it to be used in real world tasks and scenarios.
Supervisors: Professor Peter Corke (QUT) and Dr Luis Mejias (QUT)
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Michael Warren – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Warren,_Michael.html

Research Title: Vision-based Metric SLAM for Airborne Scenarios
This project aims to apply typically ground-based, close proximity visual odometry solutions in the air to produce
high quality maps of the environment, in near real-time, on board low cost fixed-wing UAS at altitudes to 400ft
and beyond. By dealing with weakly observable scale in stereo visual odometry, while simultaneously handling fleeting, long distance
observations, this project will produce results that demonstrate the utility of vision alone in producing maps competitive with more
expensive, infrastructure dependent techniques.
Supervisors: Dr Ben Upcroft (QUT) and Professor Peter Corke (QUT)
														

Lennon Cork – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Cork,_Lennon.html

Research Title: An Aircraft Dynamic Navigation Filter for Fault Tolerance in Unmanned Aircraft Systems
This research investigates the application of a complex Aircraft Dynamic Model (ADM) to aid in the navigation of
an Unmanned Aircraft System (UAS). The ADM is introduced into the process and observation equations of an
Unscented Kalman Filter (UKF) for a navigation system with GPS, inertial and Air Data sensors. Interacting Multiple Models (IMM) are
introduced to improve the systems resistance to inertial sensor faults.
Supervisor: Professor Duncan Campbell (QUT)
		
										

Paul Westall – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Westall,_Paul.html

Research Title: Dim Target Detection in a Maritime Search Environment using Morphology and Hidden
Markov Models
Maritime Search and Rescue takes place in a vast and constantly changing environment requiring several
searchers many hours to cover. This task is further challenging given that Australia is responsible for one of the largest maritime
Search and Rescue regions in the world – covering approximately 53 million square kilometres. However, this arduous task of
searching for a human in the ocean may be automated using machine vision equipped UAVs to swarm the area and complete the
search more efficiently; furthermore all this could be managed by a single land-based operator. With the combined use of an image
processing technique called Mathematical Morphology and a Bayesian based Hidden Markov Model tracker, we are able to detect
small dim targets (survivors without high visibility attire) in complex conditions.
Supervisors: Professor Peter O’Shea (QUT), Dr Jason Ford (QUT) and Dr Stefan Hrabar (CSIRO)

Aaron Mcfadyen – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Mcfadyen,_Aaron.html

Research Title: Spherical Image based Visual Servoing for Complex Aircraft Navigation Tasks
Many vision-based control approaches for autonomous See and Avoid do not realistically consider the operational
environment and platform constraints. A reactive solution is required, yet range becomes difficult to estimate
and object visibility issues can arise. Coupling spherical cameras and image-based visual servoing offers an attractive solution to the
problem. Assuming target detection, the difficulty lies in defining appropriate reference set points, ensuring stability and addressing
system constraints. This year we have refined our existing visual predictive control approaches through stability based design techniques
to address such issues.
Supervisors: Dr Luis Mejias (QUT), Professor Peter Corke (QUT) and Professor Duncan Campbell (QUT)
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Continuing
Wesam Alsabban – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Al-Sabban,_Wesam.html

Research Title: Persistence Monitoring for Autonomous Vehicle Path Planning Under Uncertainty Using
Gaussian Based Markov Decision Process
The main objective of this research is to develop a design methodology to increase the endurance of
autonomous systems. The methodology uses Markov Decision Processes (MDP) based path planning and available energy from the
environment to identify the optimal path in variable environmental conditions, coupling an environmental model, a dynamic and a
path planning model. The benefits of the method for UAV and AUVs are being demonstrated in simulation and field tests.
Supervisors: Dr Felipe Gonzalez (QUT), Dr Ryan Smith (QUT) and Professor Gordon Wyeth (QUT)
														

Inkyu Sa – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Sa,_Inkyu.html

Research Title: Shared Autonomy for Close Quarter Navigation and Control of a VTOL Platform
Shared autonomy indicates that a computer accomplishes the major fraction of control. The operator’s
interventions for low-level control are prohibited but can still provide supervisory high-level control commands.
Close quarters navigation represents navigation following specific geometries such as cables of bridges or the pole of a streetlight.
This system would allow an unskilled operator to easily and safely control a quadrotor to examine locations that are difficult to reach.
For example, this system could be used for practical tasks such as inspecting for bridge or streetlight defects.
Supervisors: Professor Peter Corke (QUT), Dr Stefan Hrabar (CSIRO), Dr Robert Mahony (ANU) and Professor Gordon Wyeth (QUT)
														

Jonathan Kok – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Kok,_Jonathan.html

Research Title: Design Methodologies and Architectures of Hardware-based Evolutionary Algorithms for
Aerospace Optimisation Applications on FPGAs
The effectiveness of evolutionary algorithms (EAs) is well recognised in the fields of both single-objective and multiobjective optimisation. However, the computational efficiency remains a drawback to be addressed. The primary aim of this thesis is
to provide the theory needed to faithfully map an EA on a field programmable gate array (FPGA) architecture, which in turn offers a
greater degree of confidence concerning the effectiveness of developing and implementing both single-objective and multi-objective
EAs on FPGA hardware devices. In this thesis, FPGA implementation methods of single and multiple objective EAs for different types of
optimisation problems and aerospace applications are investigated. In particular, the consideration of preserving algorithmic integrity of
the original EA is taken into account.
Supervisors: Dr Felipe Gonzalez (QUT), Dr Troy Bruggemann (QUT), Dr Neil Kelson (QUT) and Professor Duncan Campbell (QUT)
														

Ting (Brendan) Chen – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Chen,_Ting.html

Research Title: Reducing the Mental Load through Effective Management of Multiple Heterogeneous
Unmanned Aerial Systems
The aim of this research is to improve the mission commander’s performance for managing multiple
heterogeneous Unmanned Aerial Vehicles (UAVs) through a visualisation of the UAVs’ functional autonomy. The research first abstracts
a UAV’s systems and subsystems to produce a functional capability framework, that is followed by laying a simplified Level of
Autonomy (LOA) scale to represent functional LOA over the capability framework. In 2012, Brendan spent January to February and
July to December at Télécom-Bretagne, France to complete the necessary work which will allow him to graduate with a dual PhD from
QUT and Télécom-Bretagne.
Supervisors: Professor Duncan Campbell (QUT), Professor Gilles Coppin (Télécom-Bretagne) and Dr Felipe Gonzalez (QUT)
														

48

ANNUAL REVIEW 2013

Graduated
Steven Mills – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Mills,_Steven.html

Research Title: Visual Guidance for Fixed Wing Unmanned Aerial Vehicles using Feature Tracking:
Application to Powerline Inspection
This research looked at using Skid-to-Turn manoeuvres coupled with Image Based Visual Servo control for the
guidance and control of fixed wing UAVs inspecting locally linear infrastructure. Conventional tracking controllers utilising Bank-toTurn generally overlook the impact these manoeuvres have on body fixed downward facing sensors that are effectively angled away
while the aircraft turns toward them. Skid-to-Turn however allows heading to be corrected while maintaining wings level flight, thus
making it easier to see the target. Image Based Servo Control is then used to control the position of features directly from within the
image plane, thus providing an optimal view of the target being inspected.
Supervisors: Dr Luis Mejias (QUT) and Dr Jason Ford (QUT)
														

Onvaree Techakesari – PhD
QUT ePrints: http://eprints.qut.edu.au/view/person/Techakesari,_Onvaree.html

Research Title: Filter and Control Performance Bounds in the Presence of Model Uncertainties with
Aerospace Applications
A key challenge facing filtering and control of many dynamic systems is to handle uncertainties or errors
presented in system models. This research investigated a number of performance and design problems in filtering and control of systems
involving modelling uncertainties and errors. Consequently, this research presented an analysis framework to understand the performance of any
general filter when there is a mismatch between the system model used to design the filter and the true system under estimation. A similar analysis
framework was also presented for output feedback control in the presence of modelling errors. Following the characterisation of filter performance,
hybrid system model design approaches for filtering of uncertain nonlinear systems were provided.
Supervisors: Dr Jason Ford (QUT) and Dr Luis Mejias (QUT)
													

Richard Glassock – Masters by Research
QUT ePrints: http://eprints.qut.edu.au/view/person/Glassock,_Richard.html

Research Title: Design, Modelling and Measurement of Hybrid Powerplant for Unmanned Aerial Vehicles
(UAVs)
A Hybrid Electric Aircraft Propulsion System was designed, built, tested, analysed and found to improve aircraft
performance, efficiency and effectiveness. Propeller and engine efficiency can be maximised while simultaneously increasing aircraft
operating flexibility. Methods of sizing powerplant components on the basis of overall aircraft efficiency were demonstrated.
Supervisor: Dr Felipe Gonzalez (QUT)
														

Michael Shiel – Masters by Research
QUT ePrints: http://eprints.qut.edu.au/view/person/Shiel,_Michael.html

Michael’s topic focused upon research into various methods to provide more robust and accurate situational
awareness to robotic platforms, while using lower cost sensors.

														

Julien Gaye – Masters of Engineering
Télécom-Bretagne

Julien completed his Masters in 2013 and is currently working as a Sales Engineer at Point.io in Wokingham,
United Kingdom.
												
		

49

PHD AND MASTERS STUDENTS

Undergraduate Projects
Throughout the course of 2013, a number of undergraduate projects were undertaken at ARCAA under the supervision of Dr Felipe
Gonzalez and Professor Duncan Campbell. These students worked toward research to improve the capabilities of the Green Falcon
UAV, and the creation of customised IO boards to accommodate the utilisation of PX4 Flight Management Units on a number of
multi-rotor platforms.

Mr Ben Letheren: Bio-inspried Plume tracking Algorithm for UAVs
The purpose of Ben’s project was to research and design a plume-tracking algorithm that could be implemented
on a UAV. This algorithm was designed to assist in the tracking of chemical plumes such as bushfires, NOX and
SO2 in mining. Several algorithms were designed and tested before one was chosen. This algorithm has shown
promising results in its virtual testing and is currently in refinement and validation stages.

Mr Ryan King: Multi UAV Co-ordination for Environmental Sampling
Ryan’s project required efficient management of flight data, transmission of autonomous commands, and
optimisation of autopilot parameters in order to accommodate two UAVs being airborne simultaneously.
Extensive Hardware In the Loop (HIL) simulation was performed prior to the system being tested in the field at
the Christmas Creek flight facility.

Mr Ben Jones: Custom IO Board design for PX4FMU
This project focused upon the design of a custom IO board to accommodate the PX4 Flight Management
Unit (PX4FMU). The aim of the design was to provide a robust and fault tolerant solution. A flight termination
capability is catered for through the monitoring of the autopilot heartbeat which is acted upon if extended
failure occurs. Dedicated logic formed part of the solution for speed and fault tolerance. The design also caters
for aerospace grade connectors.

The Green Falcon UAV
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ARCAA Performance
“The importance of the research being undertaken
by ARCAA cannot be understated. The development
of a reliable collision avoidance system, amongst
other things, will not only see the safe use of larger
UAS in commercial airspace but will be of huge
financial benefit to Australia. The investment in
ARCAA by private industry and governments at all
levels is a sound economic venture.”
Sergeant Peter Blake, Queensland Police Service
and 2013 Churchill Fellow

ARCAA Director, QUT Professor Duncan Campbell, Minister for Science, Information Technology,
Innovation and the Arts Ian Walker and Insitu Pacific Managing Director Andrew Duggan
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ARCAA Workplace Health & Safety Report
The health and safety of ARCAA staff, students and visitors is of the highest priority. All who work within the ARCAA facility undergo
a formal induction program and are informed of their responsibilities, rights and obligations. The ARCAA health and safety system
augments the Science and Engineering Faculty health and safety practices, and the QUT Safety Management System, with site and
operation specific policies and practices.
During 2013, ARCAA participated in a health and safety benchmarking exercise by Boeing Research & Technology – Australia General
Manager, Mr Michael Edwards. This exercise was of great value to both organisations and provided a level of confidence for staff
spending significant time in both workplaces. QUT also conducted a health and safety audit as part of an exercise for all QUT precincts.

Professor Duncan Campbell
ARCAA Director
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KPIs
1. Commercialisation
One Patent application, copyright, trade mark or new licence generated on average every two years.

2013 result
One provisional patent filed by the CRCSI relating to the 3D strategic flight planning component of research conducted by ARCAA
under Project 4.31.

2. Employment of Professional Staff
Increase the number of research, technical or business development staff and post graduate students engaged in ARCAA by 5% per
annum to the capacity of the facility (around 25 including post-graduate students) within five years of practical completion.

2013 result
Facility has reached capacity.
Staffing

Research/Technical

Operations

Bilal Arain

Felipe Gonzalez

Timothy Molloy

Duncan Greer

Dmitry Bratanov

Dominique Greer

Stratos Patsikatheodorou

Andrew Keir

Gavin Broadbent

Ross Hayward

Jonathan Roberts

Rowland Marshall

Troy Bruggemann

Stefan Hrabar

Michael Shiel

Dirk Lessner
Lyn Pearson

Duncan Campbell

Sandra Johnson

Sridha Sridaharan

Peter Corke

Farid Kendoul

Ted Steinberg

Aiden Deem

Jonathan Kok

Onvaree Techakesari

Matt Dunbabin

XunGuo Lin

Ben Upcroft

Ryan Fechney

Aaron Mcfadyen

Alex Wainwright

Clinton Fookes

Amisha Mehta

Michael Warren

Jason Ford

Luis Mejias

Brendan Williams

Dennis Frousheger

Kerry Mengersen

Brett Wood

Neale Fulton

Torsten Merz

Xilin Yang

3. Education and Skills Development
At least three PhD and/or Masters Degree students graduating per annum averaged over any five year period.

2013 result
In 2013, two PhD and three Masters were successfully completed through ARCAA.

4. Collaboration
KPI 4.1
Average of one visiting national or international visiting scientist per annum, averaged over five years.
KPI 4.2
One new collaboration every two years.

2013 result
KPI 4.1
Professor Phillipe Lenca (Télécom-Bretagne, France) - April 2013
Professor Gilles Coppin (Télécom-Bretagne, France) - June 2013
Dr Jean-Philippe Diguet (CNRS, France) - June 2013
Associate Professor Missy Cummings (Duke University, USA) - September 2013
KPI 4.2
Australian Department of Defence - Rapid Prototyping, Development and Evaluation Program.
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5. Research & Development Excellence
KPI 5.1
Three refereed scientific papers, published in national or international journals or books per annum (averaged over five years).
KPI 5.2
Eight conference papers, articles or industry reports published per annum (averaged over five years).

2013 result
KPI 5.1
Four book chapters and seven journal articles published throughout 2013.
KPI 5.2
20 refereed conference papers published throughout 2013.
Publications

Category

Title

Authors

Location

Book Chapters

The safety risk management of unmanned
aircraft systems

Clothier, Reece A. and
Walker, Rodney A.

Handbook of Unmanned Aerial
Vehicles

Vision based control for micro aerial
vehicles: Application to sense and avoid

Mejias, L., Mondragon
Bernal, I.F., and Campoy, P.

Recent Advances in Robotics and
Automation

Rapid Prototyping for Visual Control of
Autonomous Micro Aerial Vehicles

Mellado-Bataller, Ignacio
and Campoy, Pascual and
Olivares-Mendez, Miguel
and Mejias, Luis

Intelligent Autonomous Systems 12:
Advances in Intelligent Systems and
Computing. Vol 193. pp 487-499. DOI
10.1007/978-3-642-33926-4

MAVwork: A Framework for Unified
Interfacing between Micro Aerial Vehicles
and Visual Controllers

Mellado-Bataller, Ignacio
and Pestana, Jesus and
Olivares-Mendez, Miguel
and Campoy, Pascual and
Mejias, Luis

Frontiers of Intelligent Autonomous
Systems: Studies in Computational
Intelligence. Vol 466. pp 165-179. DOI
10.1007/978-3-642-35485-4_13

Vision-based estimation of airborne target
pseudobearing rate using hidden Markov
model filters

Lai, John S. and Ford,
Jason J. and Mejias, Luis
and O’Shea, Peter J.

IEEE Transactions on Aerospace and
Electronic Systems

Embedding human expert cognition into
autonomous UAS trajectory planning

Narayan, Pritesh and
Meyer, Patrick and
Campbell, Duncan

IEEE Transactions on Cybernetics

Characterization of sky-region
morphological-temporal airborne collision
detection

Lai, John and Ford, Jason
J. and Mejias, Luis and
O’Shea, Peter

Journal of Field Robotics

FPGA implementation of an evolutionary
algorithm for autonomous unmanned
aerial vehicle on-board path planning

Kok, Jonathan and
Gonzalez, Luis F. and
Kelson, Neil A.

IEEE Transactions on Evolutionary
Computation

Cross-entropy optimization for scaling
factors of a fuzzy controller : a see-andavoid approach for unmanned aerial
systems

Olivares-Mendez, Miguel
A. and Mejias, Luis and
Campoy, Pascual and
Mellado-Bataller, Ignacio

Journal of Intelligent & Robotic
Systems

Approximate Buckling Interaction Curves
for Long Anisotropic Flat Plates in Bi-Axial
Compression and Shear

Veldman, S.

Composite Structures (2013) 161-167
DOI information: 10.1016/j.
compstruct.2013.04.027

Displacement motion prediction of a
landing deck for recovery operations of
rotary UAVs

Yang, Xilin

International Journal of Control,
Automation and Systems

Enabling aircraft emergency landings
using active visual site detection

Warren, Michael and
Mejias, Luis and Yang,
Xilin and Arain, Bilal and
Gonzalez, Felipe and
Upcroft, Ben

FSR2013 The 9th International
Conference on Field and Service
Robotics

Pulse-coupled neural network
performance for real-time identification of
vegetation during forced landing

Hayward, Ross F. and
Warne, David and Kelson,
Neil A. and Banks, Jasmine
and Mejias, Luis

11th Engineering Mathematics and
Applications Conference

Automated aerial inspection guidance
with improved turn planning

Bruggemann, Troy S. and
Ford, Jason J.

Australian Control Conference
(AUCC 2013)

Control of infrastructure inspection aircraft
vertical dynamics in the presence of
thermal disturbances

Techakesari, Onvaree and
Bruggemann, Troy S. and
Ford, Jason J.

Australian Control Conference
(AUCC 2013)

Journal Articles

Refereed
Conference
Papers
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Category

Title

Authors

Location

Refereed
Conference
Papers

Management of heterogeneous UAVs
through a capability framework of UAV’s
functional autonomy

Chen, Ting (Brendan) and
Campbell, Duncan A.
and Coppin, Gilles and
Gonzalez, Felipe

15th Australian International Aerospace
Congress (AIAC 15)

Assessment of real-time networks and
timing for process bus applications

Ingram, David M.E.
and Schaub, Pascal and
Campbell, Duncan A. and
Taylor, Richard R.

Cigre SEAPAC 2013 South East Asia
Protection and Automation Conference

Adaptive dynamic path re-planning RRT
algorithms with game theory for UAVs

Bertola, Andrea and
Gonzalez, Luis Felipe

15th Australian International Aerospace
Congress (AIAC15)

Airborne collision scenario flight tests:
impact of angle measurement errors on
reactive vision-based avoidance
control

Bruggemann, Troy S. and
Mejias, Luis

15th Australian International Aerospace
Congress (AIAC15)

Coordination of UAV path planning in
2D and 3D in environmental/bio sensing
applications

Florent , Coudon and
Gonzalez, Luis Felipe and
Motta, Nunzio

15th Australian International Aerospace
Congress (AIAC15)

Assessing the Impact of Sensor Accuracy
and Sensor Choice on Air Traffic Conflict
Risk Estimation using Risk-Ratio Concepts

Fan, Jiezhen S. and Ford,
Jason J.

15th Australian International Aerospace
Congress (AIAC15)

An evolutionary computation approach
to three-dimensional path planning for
unmanned aerial vehicles with tactical and
kinematic constraints

Kok, Jonathan and
Bruggemann, Troy S. and
Gonzalez, Luis F.

15th Australian International Aerospace
Congress (AIAC15)

Autonomous forced landing system for
light general aviation aircraft in unknown
environments

Bilal, Arain and Warren,
Michael and Yang, Xilin and
Gonzalez, Luis F. and Mejias,
Luis and Upcroft, Ben

Australian Control Conference (AUCC
2013)

Detection of dugongs from unmanned
aerial vehicles

Maire, Frederic and Mejias,
Luis and Hodgson, Amanda
and Duclos, Gwenael

IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS
2013)

Aircraft collision avoidance using spherical
visual predictive control and single point
features

Mcfadyen, Aaron and
Mejias, Luis and Corke,
Peter and Pradalier, Cedric

IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS
2013)

Automated marine mammal detection
from aerial imagery

Mejias, Luis and Duclos,
Gwenael and Hodgson,
Amanda and Maire,
Frederic D.

OCEANS ‘13 IEEE/MTS

A multi-layered approach for site
detection in UAS emergency landing
scenarios using geometry-based image
segmentation

Mejias, Luis and Fitzgerald,
Daniel L.

2013 International Conference on
Unmanned Aerial Systems (ICUAS’13)

Image based visual servo control for fixed
wing UAVs tracking linear infrastructure in
wind

Mills, Steven and Aouf,
Nabil and Mejias, Luis

IEEE International Conference on
Robotics and Automation (ICRA 2013)

A neural-network based flight controller
for UASs

Yang, Xilin and Mejias, Luis

IFAC Symposium on Intelligent
Autonomous Vehicles 2013

A Flight control scheme to improve
position tracking performance of rotarywing UASs

Yang, Xilin and Mejias,
Luis and Garratt, Matt and
Hemanshu, Pota

IFAC Symposium on Intelligent
Autonomous Vehicles 2013

A UKF-based estimation strategy for
actuator fault detection of UASs

Yang, Xilin and Warren,
Michael and Arain, Bilal
and Upcroft, Ben and
Gonzalez Toro, Luis Felipe
and Mejias, Luis

2013 International Conference on
Unmanned Aerial Systems (ICUAS’13)
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6. Technology Transfer
KPI 6.1
Three policy submissions, information publications, media releases or events promoting uptake of ARCAA research results on average
per annum.
KPI 6.2
Two conferences, seminars, forums or workshops, professional education activities organised per annum.

2013 result
KPI 6.1
Information Publications
Distribution of 800+ 2012 Annual Reviews
		
Media releases
March:
1/3/13 Aviation Business “UAV Challenge 2013: $50,000
up for grabs”
April:
12/4/13 China Radio International – Participation in an
internationally broadcast panel “Civilian Use of Drones”
Autumn:
QUT Links – “Boeing Tech Expert on Board”
August:
Robotronica (ARS Spaxels)
September:
01/09/13 - Robots in Flight. Channel 10 documentary on
the 2012 UAV Challenge – https://www.youtube.com/
watch?v=U7RzIuKOkuk
23/09/13 – Toowoomba ABC Radio – Interview with Andrew
Keir relating to UAV Challenge: Outback Rescue 2013
26/09/13 – ABC Catalyst
October:
18/10/13 The Australian – “Making Room for UAV Air
Space”
November:
18/11/13 – SBS World News – http://www.youtube.com/
watch?v=CxDsSP1bPiY
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Events Promoting Uptake of ARCAA Research

Content

University Degree Title

No. of students
impacted

CRCSI Project 6.07 – Powerline tracking example
used as part of electrical engineering subject

QUT

Bachelor of Engineering (Electrical)
ENB250 – Year 2

~150

CRCSI Project 6.07 – Powerline tracking example
used as part of electrical engineering subject

QUT

Bachelor of Engineering (AeroAv)
ENB347 – Year 3

~20

ARC Linkage – Image based collision avoidance
QUT
example used as part of electrical engineering subject

Bachelor of Engineering (Electrical)
ENB250 – Year 2

~150

ARC Linkage – Image based collision avoidance
example used as part of vacation research student
project

QUT

Vacation Research Student Project

1

ARC Linkage – Image based collision avoidance
example used in laboratory assessment

QUT

Bachelor of Engineering (AeroAv)
ENB447 – Year 4

~25

Project ResQu – Forced landing example used as
part of flight control subject

QUT

Bachelor of Engineering (AeroAv)
ENB348 – Year 3

~20

Project ResQu – Forced landing example used as
part of systems engineering subject

QUT

Bachelor of Engineering (AeroAv)/
Software Engineering ENB354/
ENB355 – Year 3

~35

PBCRC UAVs for Plant-Biosecurity – example use as
part of systems engineering subject

QUT

Bachelor of Engineering (AeroAv)/
Software Engineering ENB354/
ENB355 – Year 3

~35

KPI 6.2
Conferences, Seminars, Forums & Workshops

Title

Date

Presenter

Location

Intelligent Machines and the
Future of Industry

22 March

Peter Corke

Institute for Future
Environments Grand Challenge
Lecture Series, Brisbane

UAS – The Brightest Shade of
Aviation

6 May

Duncan Campbell

Aviation Law Association of
Australia and New Zealand,
Sydney

The ABC’s of UAV’s

18-19 July 2013

Duncan Campbell

IEEE International Geoscience
and Remote Sensing
Symposium – Remote Sensing
Summer School, Melbourne

UAV Roundtable

19 November 2013

Andrew Keir

CRCSI Annual Conference,
Christchurch, New Zealand

Keynote Presentations

Workshops

58

ANNUAL REVIEW 2013

7. Investment in Research
KPI 7.1
Secure $200,000 per annum of external funding for ARCAA activities for the five year period following practical completion of the
ARCAA building.
KPI 7.2
From year 5 to 10 of the term, maintain external funding for ARCAA activities at not less than $250,000 per annum (adjusted annually
to reflect changes in the CPI) – N/A in 2013.

2013 result
KPI 7.1
With in excess of $2.15M in external funding received in 2013, this KPI has been met.
Research Grants and Scholarships

Awarded By

Start Date

End Date

Scheme

Project

Name

Australian Government
Scholarships (DIISRTE) –
Australian Research Council

Feb 2011

Feb 2014

Australian
Postgraduate
Award

PhD Scholarship

Tim Molloy

Australian Government
Scholarships (DIISRTE) –
Australian Research Council

Feb 2011

Feb 2014

Australian
Postgraduate
Award

PhD Scholarship

Liam O’Sullivan

Australian Government
Scholarships (DIISRTE) –
Australian Research Council

Jul 2010

Jul 2013

Australian
Postgraduate
Award

PhD Scholarship

Inkyu Sa

Australian Government
Scholarships (DIISRTE) –
Australian Research Council

Jul 2010

Jul 2013

Australian
Postgraduate
Award

PhD Scholarship

Jonathan Kok

Cooperative Research Centre
for Spatial Information

Jul 2010

Jul 2013

CRCSI top-up
Scholarship

PhD Scholarship

Jonathan Kok

Telecom Bretagne

Aug 2012

Dec 2013

EGIDE

PhD Scholarship

Brendan Chen

Australian Government
Scholarships (DIISRTE) –
Australian Research Council

Jan 2012

Dec 2014

Discovery Early
Career Researcher
Award (DECRA)

Developing Novel
Concepts for
Improved Safety in
Aircraft Emergency
Situations

Luis Mejias

Cooperative Research Centre
for Spatial Information

Apr 2011

Mar 2014

CRC

enhanced Flight
Assist System (eFAS)
for Automated Aerial
Survey of Powerline
Networks

Jason Ford
Rodney Walker
Luis Mejias
Duncan Campbell
Felipe Gonzalez

Cooperative Research Centre
for Spatial Information

Jan 2013

Jun 2013

CRC

Project 9.35 – FAS
Technical Support

Duncan Campbell
Jason Ford

Plant Biosecurity Cooperative
Research Centre

Dec 2012

May 2014

CRC

CRC PB5055 – UAVs
for Plant BioSecurity

Felipe Gonzalez

Thales Australia

Jul 2013

Feb 2014

Thales Australia

Scoping Study
for UAS Airspace
Integration and
Enhanced Conflict
Management

Duncan Campbell

Queensland Government
(Smart Futures Fund)
Boeing
CSIRO
QUT
Insitu Pacific

Jul 2012

Jun 2014

Qld Government
Smart Futures
Fund

ResQu – Creating
a More Resilient
Queensland:
Unmanned Aircraft
for Emergency
Response and
Biosecurity

Duncan Campbell
Luis Mejias
Felipe Gonzalez
Ben Upcroft
Clinton Fookes
Ross Hayward
Dominique Greer
Sridha Sridharan
Jason Ford
Jonathan Roberts
Brendan Williams
Amisha Mehta
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8. Community Engagement
1.
2.
3.
4.

Average of two presentations per year to community groups.
Average of six presentations or publications per year to avionics industry groups, schools, TAFEs, government bodies, etc.
Involvement in QUT train displays every two years – N/A. QUT train no longer active.
Hold Open Day at ARCAA building at Brisbane Airport annually.

2013 result
ARCAA has met this KPI through its coordination of the UAV Challenge: Outback Rescue, involvement in the Aviation Careers Expo,
Robotronica, Innovation Alley, Avalon Airshow and numerous other presentations and/or tours for schools, government and industry.
KPI 8.1
Display and presentation at Avalon Airshow.
Coordination of the UAV Challenge: Outback Rescue.
KPI 8.2
More than 20 presentations, demonstrations and facility tours to schools, industry, academic and government groups.
KPI 8.4
Attendance and presentation at Aviation Careers Expo.

Event

Number in Date
attendance

Location

St Paul’s School

1

7 February 2013

ARCAA

Avalon International Airshow

168,000+

26 February – 3 March 2013

Avalon, Victoria

Calamvale Community College

25+

29 May 2013

ARCAA

QUT Innovation Alley

100+

10 August 2013

QUT Gardens Point

QUT Discovery Day (Robtronica)

15,000+

18 August 2013

QUT Gardens Point

Aviation Careers Expo

100+

24 August 2013

Aviation Australia

St Joseph’s College, Gregory Terrace

20+

3 September 2013

ARCAA

Guandong Vocational College

30+

4 November 2013

ARCAA

Power of Engineering

14

19 November 2013

ARCAA

CRCSI Annual Conference

100+

19-21 November 2013

Christchurch, New Zealand
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GLOSSARY OF TERMS

Glossary of Terms
ARC
AGL
ASL
ATM
AUV
BAC
BR&T
BR&T-A
CASA
CNRS
CRCSI
CSIRO
CUAS
DSDIP
DSITIA
DSTO
FAS
FPGA
eFAS
LiDAR
PBCRC
QUAS
QUT
ResQu
ROAMES
RPAS
RPDE
TAAATS
UA
UAS
UAV
UOC
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Australian Research Council
Above Ground Level
Airborne Systems Laboratory (ARCAA’s modified Cessna 172R)
Air Traffic Management
Automated Underwater Vehicle
Brisbane Airport Corporation
Boeing Research and Technology, United States
Boeing Research and Technology, Australia
Civil Aviation Safety Authority
Centre National de la Recherche Scientifique (National Center for Scientific Research)
Cooperative Research Centre for Spatial Information
Commonwealth Scientific and Industrial Research Organisation
CSIRO Unmanned Aerial System – Helicopter
Queensland State Government Department of State Development, Infrastructure and Planning
Queensland State Government Department of Science, Information Technology, Innovation and the Arts
Defence Science and Technology Organisation
Flight Assist System
Field Programmable Gate Array
enhanced Flight Assist System
Light Detection and Ranging
Plant Biosecurity Cooperative Research Centre
QUT Unmanned Aerial System – Fixed Wing
Queensland University of Technology
Resilient Queensland Project – “Creating a More Resilient Queensland: Unmanned Aircraft for Emergency Response
and Biosecurity”
Remote Observation Automated Modelling Economic Simulation
Remotely Piloted Aircraft System
Rapid Prototyping, Development and Evaluation Program
The Australian Advanced Air Traffic System
Unmanned Aircraft
Unmanned Aircraft System
Unmanned Aerial Vehicle
UAV Operator Certificate

ANNUAL REVIEW 2013

ARCAA Collaborators and Supporters
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Australian Research Centre
for Aerospace Automation
P +61 7 3138 1772
22-24 Boronia Road
Brisbane Airport QLD 4008
www.arcaa.aero

