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F A S T  F A C T S

#1 in Australia
ANU is ranked #1 in Australia  
and #20 in the world.1 

Six Nobel Laureates
The highest number of all 
Australian universities.

6

world’s  
largest
We own the world’s largest 
paraboidal dish solar 
concentrator, 500m2 in size

Research intensivity 

Research grants 

Staff qualifications 

IARU
ANU is the only Australian  
member of the International 
Alliance of Research Universities.2

31%
Percentage of total College 
income generated by external 
funding.

Only
ANU is the only Australian  
university to consistently receive 
the highest ranking for research 
in Artificial Intelligence & Image 
Processing, & Information & 
Computing Sciences over the  
past five years.3

87%
Percentage of ANU academic  
staff who hold a PhD.4

World’s most  
liveable city
Canberra provides an enviable quality 
of life for ANU students and their 
families; it is the best place to live in 
the world.5

‘Well above’  
world standard
Our research is rated well above  
world standards in the areas of: 3

Information &  
Computing Sciences

Artificial Intelligence & 
Image Processing

Electrical & 
Electronic Engineering

Materials Engineering

super 
computer      
ANU is home to Raijin, Australia’s 
largest and most powerful 
university based super-computer

International  
outlook 

#1

Ranked first in Australia 
and 7th in the world for 
international outlook.6 
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The ANU College of Engineering and Computer Science is an exceptional 
community of students, educators, scholars and researchers who embrace the 
breadth of computing and engineering professions across traditional disciplinary 
boundaries. We are a diverse and vibrant community dedicated to discovery 
and to making knowledge matter. 

W E L C O M E

Small by Australian standards, our lean structure allows us 
a greater degree of flexibility and agility, bringing staff and 
students unique opportunities to work on “wicked problems” 
in collaboration with the best minds in the world across a 
broad range of disciplines.

Our academics and students are engaged in ground-
breaking, cutting-edge research. Across the two Research 
Schools, there is an outstanding intellectual tradition in 
information engineering, computational theory, big software 
systems, energy research and artificial intelligence. We have a 
recently-emerged intellectual strength in materials engineering 
and draw everything together in our fabrication research. 

Undergraduate and postgraduate degrees at ANU are 
designed for engineers and computing professionals of 
the 21st Century, where students build on interdisciplinary 
fundamentals to specialise in contemporary disciplines in 
their chosen area of expertise. To quote Professor Ian Ross, 
one of the early proponents of engineering at ANU from the 
1970s:

“The engineering graduate of the future would be a woman 
who knew how to design the Black Mountain tower and who 
also knew and understood why it should not be built.”

Both Research Schools have a well-balanced portfolio of 
research, research training, coursework education, industry 
and other external engagement. This leads to a vibrant and 
healthy interplay between all the essential ingredients of a 
contemporary university. The staff and students of the two 
Research Schools showcase a broad intellectual portfolio; 
it is rare to find one-dimensional people in our College. We 
are passionate, hard-working and with a uniquely large 
intellectual range - delving deep into discipline expertise; 
broad across disciplines; are excellent in research; excellent 
in education; with a social conscience; and with an eye to 
translation. 

Professor Elanor Huntington

Dean 
ANU College of Engineering and Computer Science
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R E S E A R C H  C A P A B I L I T I E S

We encourage and support a dynamic research environment in which we 
incubate new ideas until they reach their full potential.

Our dedicated researchers have excellent 
international reputations, and are currently engaged 
with industry and government partners across 
America, Europe and the Asia-Pacific regions.

Our research spans seven broad themes, each with 
outstanding researchers, staff and students. 

Research School of Computer Science

Intelligence 

 > Data Mining & Matching 

 > Intelligent Agents 

 > Knowledge Representation & Reasoning 

 > Machine Learning 

 > Planning & Optimisation 

Systems

 > High Performance Computing 

 > Human-Centred Computing 

 > Programming Languages,  
Design & Implementation 

 > Software Engineering 

Theory

 > Algorithms 

 > Databases 

 > Logic

Research School of Engineering

Energy 

 > Energy Storage 

 > Photovoltaics 

 > Solar Thermal 

Fabrication

 > Manufacturing 

 > Micro & Nano Systems 

 > Optical Devices 

 > Sensors 

Information

 > Acoustics & Audio 

 > Communications 

 > Computer Vision 

 > Networked Systems 

 > Quantum Cybernetics 

 > Robotics 

 > Signal Processing 

Materials

 > Biomaterials 

 > Composite Materials 

 > Computational Mechanics 

 > Nanomaterials  
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6

E X P L O R E  O U R  R E S E A R C H

Engineers from our Networked Systems Area are creating distributed algorithms 
that enable a team of drones to work together to achieve a global task. 

The team, led by Associate Professor Brad Yu, has been 
engaged in the research of networked systems and in 
particular drones for more than a decade. 

“Each drone has sensors, cameras or transmitters, which 
allow them to interact with other drones in the team. We 
develop algorithms so that together, these drones work 
cooperatively to achieve a global task, such as flying in a 
formation, conducting surveillance on a target or area of land, 
or search and rescue.

“In order to achieve the global task, we design distributed 
algorithms that specify which drones should communicate 
with each other, who should sense what, and who should 
move where. Each task might require a different algorithm, 
and some can be very challenging to develop.”

They have been collaborating and applying their research 
with the Defence Science and Technology Group (DSTG), the 
research arm of the Australian Government Department of 
Defence, for almost 10 years. 

“We have worked on a number of different tasks for DSTG, 
including locating transmitted signals using low-cost sensors, 
flying formations of drones where each drone must keep a 
constant speed, and determining how to best place sensors 
– which might be a patrolling drone – to detect a moving 
target,” Yu says.

“The DSTG has recently been interested in a type of drone 
which is lightweight and has extreme endurance, but is 
cheaper and less well-equipped than the multimillion dollar 
military drones we typically see in the news.

“By using distributed control, a team of these drones can 
work together to be just as effective at achieving a task as 
a multimillion dollar drone. Each application scenario has its 
own challenges and constraints, so we work closely with 
DSTG to design distributed algorithms specifically for a range 
of applications.

“We’re currently working on developing algorithms for teams 
of drones, where some drones have a Global Positioning 
System (GPS) and others do not. The GPS might be jammed 
by an enemy or the drones might be flying indoors, between 
buildings or in a valley.” 

Looking ahead, the world-leading researchers would like to 
expand the horizons and applications of distributed control 
for teams of drones. 

“Our goal is to not simply carry out research on drones – we 
want to research how teams of drones can solve a wide 
range of problems in civilian and military life,” Yu says. 

“From our success with DSTG, we hope that in the future, 
we will be able to integrate leading experts at ANU in biology, 
forestry and earth sciences among others so we can apply 
our drone technology in other fields, incorporating emerging 
techniques such as swarm intelligence.”

What can a flock of drones do?

6 ANU College of Engineering & Computer Science
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A new high-flux solar simulator for high-temperature solar 
thermal and thermochemical research has been developed 
at ANU in collaboration with École Polytechnique Fédérale de 
Lausanne and Kinoton Digital Solutions. 

This world-class solar simulator facility was designed to study 
high-temperature systems that require stable, controlled and 
reproducible experimental conditions. 

Specifically, it is used to evaluate materials and devices 
encountered in high-temperature solar thermal energy, 
concentrating photovoltaics, thermoelectrics, materials 
engineering as well as space applications.

It consists of 18 radiation modules, arranged in two 
concentric rows. Each module consists of a 2.5 kWe short-
arc xenon lamp, close-coupled to a truncated ellipsoidal 
mirror of high-surface quality. The peak radiative flux at the 
focal plane exceeds 21 MW m-2, while the average flux over 
a 5cm radius circular target is in excess of 3.7 MW m-2.

This facility is ideally suited for laboratory-scale testing of 
solar thermal receivers and reactors, CPV modules and 
high-temperature materials under repeatable, weather-
independent and fully-controlled conditions.

Lead Researcher 
Professor Wojciech Lipinski

Research Area  
Solar Thermal

World class solar simulator developed at ANU

8 ANU College of Engineering & Computer Science



Working at the interface of biology and engineering, 
researchers at ANU are developing a revolutionary device - 
small enough to fit in a mobile phone - that will enable people 
to detect diseases by measuring markers in their breath. 

“Breath contains more than 10,000 compounds, which can 
tell us what food has been consumed, how much, and if 
there is an undiagnosed medical condition. For example, we 
know that acetone in your breath can mean diabetes. And 
the difference between healthy and diabetic patients is only 
about one particle per million,” says Dr Antonio Tricoli, lead 
researcher on the project.

Using the National Computational Infrastructure’s 
supercomputer, the team of engineers have designed 
a mobile sensor made of billions of interconnected 
nanoparticles.

The extremely sensitive ceramic nanoparticles that have been 
created are sensitive enough to detect this tiny concentration, 

but also selective enough to exclude the 9,999 other 
compounds humans breathe out. 

The implication for cheap, mobile, non-invasive diagnostics 
is potentially revolutionary. The earlier diseases are able to be 
detected, the higher the chance for recovery. 

Lead Researcher 
Dr Antonio Tricoli

Research Area 
Sensors

Diagnosing disease with mobile phones

Research Snapshot 99



New way to make low-cost solar cells
Engineers at ANU have found a new way to fabricate 
high efficiency semi-transparent perovskite solar cells in a 
breakthrough that could lead to more efficient and cheaper 
solar electricity.

Dr Tom White from the ANU Research School of Engineering 
said the new fabrication method significantly improved 
the performance of perovskite solar cells, which can be 
combined with conventional silicon solar cells to produce 
more efficient solar electricity. 

“The prospect of adding a few additional processing steps 
at the end of a silicon cell production line to make perovskite 
cells is very exciting and could boost solar efficiency from 25 
per cent to 30 per cent,” Dr White said.

“By combining these two cells, the perovskite cell and the 
silicon cell, we are able to make much better use of the solar 
energy and achieve higher efficiencies than either cell on its 
own.”

Dr White said the research placed ANU in a small group of 
labs around the world with the capability to improve silicon 
solar cell efficiency using perovskites.

The development builds on the state-of-the-art silicon cell 
research at ANU and is part of a $12.2 million “High-efficiency 
silicon/perovskite solar cells” project led by the University of 
New South Wales and supported by $3.6 million of funding 
from the Australian Renewable Energy Agency.

Research partners include Monash University, Arizona State 
University, Suntech R&D Australia Pty Ltd and Trina Solar.

Lead Researcher 
Dr Tom White

Research Area 
Photovoltaics

10 ANU College of Engineering & Computer Science



Computer scientists have developed a tweak for computer 
operating systems that could make large data centres 25 
per cent more efficient by sharing their processing power. 
Researchers at ANU and Microsoft collaborated to develop 
the new system mechanisms, which give big improvements 
in energy efficiency for servers that run searches and interact 
with users.  

Describing the new process, Professor Steve Blackburn 
from the ANU Research School of Computer Science says 
“computer servers spend a lot of time waiting around for 
search requests to come in. By sneaking in other processes 
while they are waiting, we can use the computers more 
efficiently”.

The speed of web searches and other web services that 
interact with users is crucial to the success of the biggest 
tech companies, and delays as small as a hundredth of a 
second can often result in lost revenue. 

With no control of when users will request a search, tech 
companies rely on a large server capacity that is mostly idle. 

Collaborating with Microsoft, ANU computer scientists 
developed a way for processes that are not time critical to 
use the operating system while it is idle, and to quickly step 
out of the way when search requests come in.

“The techniques are extremely easy to implement on current 
hardware, and in some cases that we studied, the new 
techniques made a server nine times more efficient” says Xi 
Yang, a PhD student working on the project. 

The research means more than just fast internet search, 
with potential for enormous impact in data centres. It could 
save over 25 per cent of the data centre energy bill for these 
companies.

Lead Researcher 
Professor Steve Blackburn

Research Area 
Programming Languages, Design & Implementation

Major energy savings when computers learn to share

1111
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New silicon solar cells developed by researchers from ANU, UC Berkeley and 
EPFL are promising cheaper manufacturing processes and better power output. 

Scientists have developed a new silicon solar cell that 
promises cheaper manufacturing processes and better 
power output.

The collaboration, between scientists at ANU, UC Berkeley 
- who led the research - and École Polytechnique Fédérale 
de Lausanne groups, did away with the chemical doping that 
conventional silicon cells rely on and instead used pure silicon 
sandwiched between thin films of different materials.

“For a lot of people this will broaden their idea of how 
silicon solar cells can be made,” said lead author James 
Bullock, a PhD student at the ANU Research School of 
Engineering, who conducted the study whilst on placement 
at UC Berkeley’s Department of Electrical Engineering and 
Computer Sciences.

“These cells can be made using a very simple low-
temperature fabrication procedure, so they have the potential 
for cheaper processing whilst still having high efficiencies.”

The team’s best solar cell so far has achieved nearly 20 per 
cent efficiency, which is better than the industry average, 
said co-author Professor Andres Cuevas, also from the ANU 
Research School of Engineering.

“There is nothing to say we can’t get to the world record 
efficiencies, over 25 per cent, using this approach” he said.

Instead of using doping impurities within the silicon structure 
to control the electronic properties, the team sandwiched 
a silicon wafer between a lithium fluoride layer and a 
molybdenum oxide layer. Lithium fluoride has a low binding 
energy of electrons, known as the work function, while 

molybdenum oxide’s is very high. The difference means 
that when sunlight hits the silicon and creates an electron-
hole pair, the electron is drawn to the lithium fluoride, while 
the hole goes the opposite way, which creates an electric 
current. 

The new design promises a lower energy footprint for solar 
cells, because they are manufactured below 200 degrees 
Celsius, in contrast to conventional doped cells which are 
made at above 800 degrees Celsius. The cells also do not 
require the often toxic chemicals used to dope conventional 
materials.

“This device is the result of a completely new understanding 
of the physics of solar cells,” said Professor Cuevas.

“All those wonderful materials were sitting there, some of 
them already in our lab cabinets, but we had not realised how 
useful they can be.”

The research is published in Nature Energy. 

Professor Andres Cuevas was awarded the 
2015 Becquerel Prize for Outstanding Merits in 
Photovoltaics.

The award recognises his scientific merits in 
the development and characterisation of silicon 
solar cells, the most common type of solar cell 
technology.
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Brain Tissue Regeneration

Lead Researcher: Associate Professor David Nisbet 
Research Area: Biomaterials 
 
The effects of a traumatic brain injury can be life-altering, 
resulting in tissue loss with no possibility for repair.

However, researchers in the Biomaterials Research Area at 
ANU are developing materials that promote regeneration of 
brain tissue.

This regeneration can fill a lesion to provide structural 
stability to the surrounding tissue, encourage the migration 
of cells into the lesion, and provide a suitable environment to 
promote the survival and integration of migrating cells.

The materials replicate the natural brain environment to 
provide structural stability. When implanted they reduce the 
size of the injury and promote the survival of neurones and 
facilitate functional recovery.

D I S C O V E R  Y O U R  S O L U T I O N S

Risk Planning

Lead Researcher: Professor Sylvie Thiebaux 
Research Area: Planning & Optimisation

Mission planning consists of deciding which activities to 
perform, and when to perform them to achieve a competing 
objective, with limited time, resources, and risk. 

The Planning and Optimisation Research Area looks at 
automating solutions to these problems.

The research extends Artificial Intelligence (AI) algorithms 
(heuristic search) for Markov decision processes to handle 
constraints on risk using Operations Research (OR) 
techniques (linear programming). Solutions include the first 
efficient method for a rich class of problems, bridging the gap 
between AI, OR, and verification. 

“Recently we’ve collaborated with the 
Massachusetts Institute of Technology, with 
funding from the Air Force Office of Scientific 
Research.”

14 ANU College of Engineering & Computer Science



Linking Complex Data

Lead Researcher: Professor Peter Christen 
Research Area: Data Mining & Matching

Linking historical birth, death, census and marriage data 
across the world can be challenging due to poor data 
quality (such as scanned handwritten forms) and temporal 
challenges within families and households.

The Data Mining and Matching Research Area develops 
novel linkage techniques that take roles and relationships 
into account to create life segments for individuals. Roles 
and relationships are shown over time, requiring advanced 
temporal linkage techniques.

Linked historical registry data allows for the reconstruction of 
a population. This enables social and health researchers to 
study populations over time and scale.

Revocable Biometrics

Lead Researcher: Professor Tom Gedeon 
Research Area: Human-Centred Computing

Whilst very secure, physiological signals used as biometric 
identification or authentication do not allow an individual to 
revoke their identification, equivalent to changing a password.

“Physiological and other human signals,  
which can be personally modified, but not 
easily mimicked, could allow for greater identity 
control.”

The development of these revocable biometric template 
transformations by Human-Centred Computing researchers 
allow for a range of physiological signals to be used as 
authentication tokens in access control systems. This would 
improve privacy and security in the digitised world.

Research Snapshot 15



Unifying Vote-Counting Methods

Lead Researchers: Professor Rajeev Gore and  
Dr Ekaterina Lebedeva 
Research Area: Logic

Existing computer programs for Single Transferable Voting 
(STV) in Australia mimics hand-counting rules. 

They are overly simplistic and do not capture the appropriate 
Act of Parliament accurately. 

ANU researchers in the Logic Research Area are designing 
a single, modular, recursive algorithm for STV which can be 
instantiated in different ways to obtain, explain, compare and 
unify the existing algorithms.

This STV algorithm will display clear, intuitive and unified 
specifications. There will be one implementation but multiple 
variations, it will easily compare various existing algorithms 
and have the ability to easily identify and resolve issues in 
STV algorithms.

Coordinating UAVs without GPS

Lead Researcher: Professor Brian Anderson AO 
Research Area: Networked Systems

Unmanned Aerial Vehicles (UAVs) operate in formations, 
but some UAVs may be GPS-denied (for example, hostile 
jamming). Can the GPS-denied UAV learn of its GPS 
coordinates by interacting with other UAVs?

Using bearing-only sensors (but not distance sensors) 
increases the operational capabilities of UAVs with a limited 
sensor payload.

UAV 1 sends information to UAV 2, and UAV 2 can then 
measure a bearing/direction to UAV 1.

Repeating this process allows UAV 2 to learn of its GPS 
coordinates.

“We collaborate closely with scientists from the 
Defence Science and Technology Group to apply 
our research to their UAVs.”

16 ANU College of Engineering & Computer Science



Next Generation Imaging Sensors

Lead Researcher: Dr Fiona Beck 
Research Area: Optical Devices

Photo-detection is increasingly important in modern society 
for imaging, sensing and communication, but further 
advances in miniaturisation and resolution require  
sub-wavelength pixels.

Plasmonically enhanced hot electron devices offer the 
possibility of truly subwavelength photo-detection, and 
control of the operation bandwidth, without the need for  
high-quality semiconductor absorbers. 
 
“Our development of efficient hot-electron 
based photodiodes could hold the key to the 
next generation of ultra-small, low-cost, high 
resolution imaging sensors with a vast array of 
applications.”

Functionally Digital Materials

Lead Researcher: Professor Qinghua Qin 
Research Area: Computational Mechanics

Traditional manufacturing processes build parts with 
unchanged composition and constrained geometry. 

“There is a growing need for advanced 
manufacturing methods and free-form 
fabrication to vary the material composition 
within a single component.”

Advancing additive manufacturing methods enables 
computer controlled fabrication of multiple materials, along 
with a specified distribution of each component.

These advanced manufacturing methods result in 
dramatic improvements in the interfacial performance 
between the different constituents of a composite material, 
efficient fabrication of composite materials with different 
microstructures whilst remaining cheap and scalable. 

Research Snapshot 17



Advancing Localised Sound

Lead Researcher: Dr Wen Zhang 
Research Area: Acoustics & Audio

Elevation or distance ambiguity, reverberation, and interfering 
sources are limiting the performance of binaural systems (two 
different auditory sounds, heard from opposite ears). 

This research focuses on advancing the fundamental 
research in binaural localisation and developing new theory 
and techniques for sound source localisation in echoey 
rooms.

“Through identifying localisation features, 
formulating localisation models and developing 
binaural processing, people wearing binaural 
hearing devices and humanoid robots are able 
to localise sounds and follow a conversation in 
realistic acoustic environments.”

Shared Autonomy in Human-
Robot Environments

Lead Researcher: Professor Rob Mahony 
Research Area: Robotics

Networks of robots and humans need to share autonomy in 
future human-robot environments. 

Shared physical or cyber physical interaction requires a 
suitable control framework for robot-robot and robot-human 
control. 

Compliance based control is implemented using port 
Hamiltonian principles. The resulting control designs are 
modular and have a natural interconnection structure.  
Human machine interaction can be studied similarly to 
teleoperation theory.  

Modularity and passivity of the control architecture 
provides the option to interconnect multiple devices, switch 
interactions on and off as required, and share autonomy with 
humans in the system robustly.

18 ANU College of Engineering & Computer Science18



E N G A G E  W I T H  U S

We encourage you to explore our research capabilities 
further.

Connect with us for:

 > research partnerships and projects

 > consultancies and advice

 > technology licensing 

 > professional development and training

 > joint research training and dual PhD programs

 > student internships.

Explore our research. Discover your solutions.

engage.cecs@anu.edu.au
cecs.anu.edu.au/engage

Research Snapshot 19
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