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Year at a 
glance

96 PEER REVIEWED 
PUBLICATIONS

$8 MILLION 
FUNDING AWARDED

23 PHD  
STUDENTS

2 COMMERCIAL 
SPIN-OFFS

Vision and 
Mission
Vision
By 2020 IISRI is recognised 
as a global leader in research, 
innovation and development of 
intelligent systems.

Mission
To conduct innovative intelligent 
systems research and development 
to benefit society through the 
creation of knowledge and 
solutions for real world problems. 

Research Development

Commercial-ready

3 Key Pillars 
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Chairperson’s  
Report

Professor Julie Owens
Deputy Vice-Chancellor Research 
Chairperson, IISRI Board

I am delighted to present the third 
annual report of the Institute for 
Intelligent Systems Research and 
Innovation (IISRI). 

As one the flagship research 
institutes of Deakin University, IISRI’s 
core foundation stands on three 
pillars: research, development, and 
commercial-ready. IISRI researchers 
conduct cutting-edge translational 
research and technology innovation in 
two main streams: (i) robotics, haptics, 
and human-machine interface; and 
(ii) modelling, simulation, and systems 
analytics. Both streams have achieved 
excellent outcomes over the past  
12 months.

In particular, 2018 marked a 
cornerstone for IISRI in its commercial-
ready initiatives. Indeed, the immense 
R&D effort by IISRI researchers over 
the years has started to bear fruit, 
delivering Deakin University’s LIVE  
the Future Promise on ‘Making 
a difference through world-class 
innovation and research’.

The Universal Motion Simulation Pty 
Ltd, the University’s spin-off based on 
IISRI’s world-first haptically-enabled 
robotic systems for motion simulation, 
has emerged as a key technology 
provider to the Australian Defence 
Force (ADF). Deakin University is 
proud to provide support to the 
ADF in training the best drivers of 
its highly technical fleet of military 
vehicles. Capitalising on the matured 
technologies developed by IISRI 
researchers, a series of reconfigurable 
driver simulators will be delivered by 
the spin-off to the ADF for building and 
maintaining driver competence in the 
operation of complex vehicles.

FLAIM Systems Pty Ltd is another spin-
off company based on IISRI’s virtual/
augmented reality technology for 
training fire-fighters in a safe, low-
cost, and effective manner. Its unique 
product, FLAIM Trainer®, consists 
of immersive virtual environments 
combined with a patented haptic 
feedback system and real fire-fighting 
equipment. The product provides 
unique training scenarios that are too 
risky or costly to carry out with actual 
systems in real-world environments 
for improving fire-fighting competency 
of first responders in emergency 
services. The company has begun to 
expand its local and overseas market 
share, covering the USA and Europe.

I put strong emphasis on increasing 
and improving the engagement 
of researchers with industry and 
community, as well as developing 
flexible models and pathways for 
spearheading research innovation 
and commercialisation. IISRI has set 
an excellent example to showcase the 
University’s capability in bridging the 
gap between academic and industry 
by bringing university research to 
national and international markets.

The University is very pleased with 
IISRI’s exceptional achievements, 
particularly its commercial-ready 
success. On behalf of the University, 
I would like to thank all the board 
members for their diligent support 
and guidance to IISRI, and we are 
determined to move forward and 
meet the challenges and opportunities 
in 2019 and beyond.

2018 marked a cornerstone for IISRI 
in its commercial-ready initiatives.
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Director’s 
Report

The Institute for Intelligent Systems 
Research and Innovation (IISRI)  
has truly demonstrated its innate 
passion through realisation of 
translational research via its core 
values of Research, Development  
and Commercial Ready. 

The journey started in early 2000, 
where the foundation was set up 
and the vision focused for Deakin 
University to be the lead institution 
to take fundamental research 
through its paces, all the way to 
commercialisation. Almost two 
decades later, the seeds of innovation 
that were nurtured and patiently 
cared for through various mechanisms, 
ranging from winning Australian 
Research Council funding and 
gaining an international reputation 
by high quality publications, have 
beentransformed into high value 
technological propositions and 
carefully crafted products.

The Universal Motion Simulator 
product range speaks for itself, being 
the wold’s first haptically-enabled 
high fidelity motion simulator. The 
fundamental idea was based on a 
pragmatic principle, which turned out 
to be incredibly powerful with huge 
demand on the horizon. 

Deakin University formed the UMS 
company and in a matter of months 
the company was awarded over  
$32M by the Australian Defence Force 
– a dream that every university would 
 like to achieve for its research centres 
and institutes. 

IISRI secured over $5M contract 
research from the Australian Research 
Council, Department of Defence, 
Federal Government, Industry, and 
Defence Science and Technology in 
2018. In addition, IISRI researchers 
have managed to successfully deliver 
all project milestones of research 
contracts scheduled during this 
period, on time, on budget, and at the 
highest quality possible. This led to 
Deakin University signing a research 
partnership agreement with one 
of the world’s largest companies, 
Lockheed Martin. 

IISRI is very proud of the novel and 
fine work on Exoskeleton research, 
which is one of our very first projects 
with Lockheed. In addition, IISRI 
won the Barry Jones Medal 2018 for 
promotion of cutting-edge research 
and innovation within the Geelong 
region to the wider community.

I am pleased to report that our 
Institute has truly demonstrated 
the capability to perform with flying 
colours in all areas of Research, 
Development, and Commercial Ready. 
Now that we have developed a great 
recipe to transform translational 
research and technology innovation 
into commercial-ready systems, 
the journey can only become more 
exciting and fruitful. None of this 
would have been possible without 
our highly motivated and performing 
team to whom I owe everything.

Alfred Deakin Professor  
Saeid Nahavandi
Director IISRI
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Professor  
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cutting-edge research and innovation within 
the Geelong region to the wider community.
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The rapid development of VR technologies and the growth of VR applications  
that touch many aspects of our lives, led to a need to assess visual fatigue during  
a VR experience. 

The subjective nature of fatigue and the large set of varying symptoms makes it 
difficult to subjectively quantify visual fatigue or estimate its onset. Our ocular 
biomechanical model provides a solution. The model, which is highly customisable 
to accommodate all individual differences, can be used to assess visual tasks in VR.

Biomechanical analysis has been used extensively in ergonomic assessment of 
human movement. We have extended the capabilities of biomechanical analysis 
into eye movement by creating an ocular biomechanical model. Our eye model 
includes all physiological and kinematic characteristics that uniquely identify human 
eyes. It is also easily modified to accommodate individual differences or even 
muscular disorders in eye muscles. The computer model has been validated by 
collecting eye-gaze tracking data from real subjects.

The ocular model has been integrated into biomechanical full-body models. This  
enables us to analyse the relationship between posture change and eye movement, 
filling in the need for simulation of eye-head and eye-hand coordination simulations.

Various ocular disorders in eye muscles, like superior oblique palsy and third nerve 
palsy, can be simulated. Thus, the model provides a simulation tool that can be used 
to test surgical procedures or understand the effect of certain tasks on patients. 

We have further used the model to analyse eye movement during immersion in 
VR and calculate a fatigue index that reflects the visual fatigue level the user is 
experiencing. This can act as feedback into the VR environment where it can be 
used to readjust the scene, thus helping us design better virtual environments  
for everyone.

Below: Extended Immersion in VR still causes visual fatigue 
symptoms such as headache, eye strain, and nausea.

Julie Iskander
PhD student

Our highly customisable 
ocular biomechanical model 
can be used to assess visual 
tasks in VR.

Assessing visual  
fatigue in virtual reality 
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Exoskeletons are the future of injury 
prevention. Ensuring they adapt to working 
conditions effectively is the key.

Injury within labour intensive industries 
is a common phenomenon all over the 
world. In many domains, robotics and 
automation just isn’t feasible or realistic in 
harsh working environments. The FORTIS 
exoskeleton has made a significant impact 
in naval shipyards where heavy tools need 
to be held for long lengths of time.

Researchers at IISRI have been evaluating 
computational human performance factors 
within the mining industry since 2015. A 
primary area of research involved in depth 
investigation of the current procedures and 
assistive technologies currently in use and 
their impact on the operator’s body.

The mining industry, specifically the 
diamond drilling sector, involves repetitive, 
almost constant, manual handling tasks 
that often result in some form of muscular 
pain or injury. The evaluation of current 
assistive devices and manual handling tasks 
identified that muscular strain and injury 
were still present even with the additional 
innovations. However, researchers at 
IISRI believe the adaptation of the FORTIS 
could assist in reducing the effect of these 
manual handling tasks on the operator’s 
body. Adaptation of the FORTIS requires 
a range of processes to be completed to 
ensure it is safe, mobile and is transferring 
the load of tasks to the ground, rather than 
the operator’s body. 

Recently, the housing of posterior loads to 
the FORTIS, such as oxygen tanks and heavy 
back packs (30kg+), was investigated. 

This involves design and fabrication 
assessing stress distribution, strain, 
displacement and Factor of Safety of 
the elements within the part. Following 
the fabrication, computational human 
performance analysis involving mobility 
assessment, load transfer and safety is 
assessed. This is primarily performed 
via motion tracking, electromyography, 
biomechanics and electrocardiogram. 

Currently the research team is investigating 
the use of FORTIS in collaboration with 
Lockheed Martin in underground diamond 
drilling environments and core extraction 
process. The ability of the FORTIS to handle 
drill rods while maintaining balance in 
complex environments is a challenge for a 
passive system. However, it is a challenge 
that the team is determined to resolve.

Human performance and 
assistive technologies: 

Collaboration with Lockheed Martin

Above & right: Exoskeleton and 
performance monitoring.

Dr Darius Nahavandi
Research Fellow,  
Human Factors Modelling  
and Simulation
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During the 12 months a mining company implemented 
the risk scoring tool, injury rates decreased from 25 to 
seven injuries per million man hours. 

Dr Darius Nahavandi joined the team at IISRI following the completion of his 
PhD with a key focus on analysing human factors and simulation in the virtual 
environment. 

Dr Nahavandi was primarily focused on identifying risk during working procedures 
in complex environments. The mining industry, being notorious for high risk manual 
handling tasks, was selected as a key trade for assessment. 

During his studies, Dr Nahavandi collected motion and physiological data to 
define a comprehensive framework for identifying risk during manual tasks. 
The development of high accuracy tools capable of performing anthropometric 
assessment, body composition, task specific risk scoring and load assessment 
enabled him to provide company management with meaningful risk data. Risk 
scoring was defined using depth imaging to collect the joint angles of a human 
during a dynamic motion. Load assessment was produced by feeding a combination 
of motion and physiological data to biomechanical tools. 

In addition to these factors, the impact of subject specific anthropometrics, as 
well as body composition, showed the overall impact and contributing factors 
of risk during a manual task. The novel framework allowed safety supervisors to 
enhance their recommendations based on highlighting key moments of elevated 
risk in relation to the industry standard. During the 12 months a mining company 
implemented the tool, injury rates decreased from 25 to seven injuries per million 
man hours. 

The new frameworks were then further implemented as a measure to define the 
effectiveness of assistive technologies. Systems such as crane-like lifting tools 
that assist workers in moving drill rods in small areas were assessed for their 
contribution in reducing load to the body. Combining motion, biomechanics and 
electromyography (EMG) data assisted safety teams and workers to identify load 
and discomfort in opposing muscles that were previously overlooked. 

This work has now been extended and used as a measure in the adaptation and 
analysis of passive exoskeletons. The human factors and simulation framework 
can allow for assessment both pre- and post-intervention, thus indicating the 
effectiveness of additional components. 

Human factors modelling  
and simulation 
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The latest generation of fighter aircraft 
is consistently increasing in performance 
with regards to power, speed and 
manoeuvrability, producing a highly 
agile aircraft that can perform rapid 
manoeuvres with multi-axes motions at 
sustained high-G and rapid onset rates. 

This increased performance results in the 
pilot’s exposure to new combinations of 
rapid accelerations in both translational 
and rotational motions. Consequently, 
this increases the physiological and 
psychological stresses of the pilot that can 
lead to a G-induced Loss Of Consciousness 
(G-LOC). G-LOC not only threatens the life 
of the pilot, but also the mission and the 
multi-million-dollar aircraft.

To manage the threat of G-LOC, pilots must 
be highly proficient in Anti-G Straining 
Manoeuvres (AGSM) and breathing 
techniques. While initial exposure to high-G 
forces was traditionally experienced during 
real flight operation, G-tolerance training 
cannot be performed in a real aircraft. 
For this reason, a high-G centrifuge is a 
good method to build a pilot’s G tolerance, 
through AGSM, practised breathing 
techniques and becoming adjusted to  
an anti-G suit.

IISRI researchers Dr Zoran Najdovski, 
Dr Navid Mohajer and Professor Saeid 
Nahavandi have designed, developed and 
successfully demonstrated a functioning 
short-radius high-G centrifuge (CYCLONE) 
capable of generating up to 9G centrifugal 
acceleration with a maximum onset rate  
of 5G/s.

CYCLONE is a human-capable, low-cost, 
high-G centrifuge system activated by 
a rotating electric motor which acts 
as a counterweight. The key design 
consideration was to maintain a self-
balanced structure. Computer-Aided 
Design, Motion Analysis and Finite Element 
Analysis (FEA) were performed with respect 
to Australian design criteria.

The system aims to increase Australia’s 
defence capability in the area of air combat 
training by addressing the requirements  
for simulation and training in next 
generation aircraft. 

CYCLONE is the only high-G centrifuge 
in Australia. IISRI is currently exploring 
opportunities to extend this research 
prototype as a human-rated system for 
human performance analysis and training.

Dr Zoran Najdovski
Senior Research Fellow, 
Multipoint Haptics

High-G centrifuge improves  
air combat training

Above & right: IISRI assists the 
Australian Defence Force in pilot 
training using its high-G centrifuge.
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IISRI and Thales co-develop new  
VR prototype 
IISRI has worked with defence company Thales to support development of a 
Virtual Reality based virtual prototype of a future soldier system concept. 

The system will be used for stakeholder engagement, and then evolved to enable 
the exploration of operational concepts, user capability needs and human factors 
associated with the system as development progresses. IISRI’s role was to develop 
a VR controller that models the key aspects of the future system from a physical 
interaction perspective, and to assist Thales with integration of the controller into 
the VR environment. 

Future work being considered includes using IISRI’s expertise in important aspects 
of human factors studies, including bio-mechanical as well as cognitive factors.

Below: The VR controller developed by IISRI allows Thales to prototype 
their future soldier system concept.
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As the application of telemedicine 
increases along with the performance of 
Australia’s telecommunication network, 
the ability to perform rapid diagnostic 
procedures is a natural extension over 
simple telepresence capability. 

IISRI, in partnership with Telstra’s Chief 
Technology Office, has developed a 
world-first haptically-enabled robotics 
system (HaptiScan) for remote ultrasound 
procedures. 

The system aims to increase the availability 
of sonographers and physicians in remote 
or smaller medical facilities, minimise the 
potential for error and the time taken to re-
scan a patient when additional investigation 
is required. It achieves this through a full 
immersive package of 3D video, haptics 
(force feedback) technology and two-
way patient-doctor communication, 
delivered over Australia’s communications 
network. The intuitive control system can 
also reduce operator fatigue, lowering 
the risk of sonographers developing 
musculoskeletal disorders.

The innovation and technology stems from 
a research platform initially developed 
through a $3 million Australian Defence 
Research grant. HaptiScan was developed 
as an extension to this research and 
technology, funded and developed as part 
of the Telstra Research Partner Program.

Deakin University was one of the initial 
strategic partners of the program, signing 
a three-year umbrella research agreement 
with Telstra. Deakin University’s former 
Deputy Vice Chancellor Research, Prof 
Lee Astheimer played an integral role in 
forming the agreement and in bringing the 
Geelong Hospital and Barwon Health into 
the partnership. 

IISRI researchers Dr. Zoran Najdovski, 
Dr. Navid Mohajer, Dr. Ahmed Abobakr,  
Dr. Syed Salaken, Dr. Darius Nahavandi, 
Dr. Samer Hanoun and Prof. Saeid 
Nahavandi successfully demonstrated 
the operation of HapstiScan over Telstra’s 
5G network during the Telstra Vantage 
exhibition in September 2018. They showed 
that the technology can successfully 
scale and be used to allow surgeons and 
sonographers to control the system at 
great distances.

Haptiscan goes 5G

Above: IISRI researchers successfully demonstrated the operation of HapstiScan 
over Telstra’s 5G network during the Telstra Vantage exhibition in September 2018.

IISRI, in partnership with Telstra’s 
Chief Technology Office, has 
developed a world-first HaptiScan 
for remote ultrasound procedures. 
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A driver’s cognitive load is a major factor in the assessment of their capabilities, 
concentration and situation awareness. 

Trainers usually observe it during driver training sessions, however, there is a need 
to observe, evaluate and assess driver cognitive load automatically and online 
within real driving situations. This research studies the design of an automatic 
cognitive load assessment in real-time and with high fidelity. 

The proposed platform is based on the use of functional near infrared spectroscopy 
(fNIR spectroscopy, or fNIRS) which provides an estimate of the changes in cerebral 
haemodynamic activities that are related to underlying neural activities. This 
approach relies on the space and amplitude relations between the level of activity 
and the local change in cerebral blood flow. A digital signal processing system uses 
the cortical signals to generate a metric which can be used to determine cognitive 
loading, driver distraction and situational awareness as well as driver fatigue, 
among many other factors. 

The platform also monitors human physiology such as cardiorespiratory, 
temperature and activity data in dynamic situations. The measured signals are ECG, 
HR, R-R interval, respiratory rate, skin temperature, galvanic skin response, core 
temperature, oxygen saturation and blood pressure. The resulting processed signals 
are then used to rapidly provide an objective training assessment and cognitive load 
monitoring for drivers in challenging driving situations.

High fidelity automatic measures  
for cognitive load assessment 

Right: fNIR spectroscopy 
showing brain activations.

Dr Shady Mohamed
Senior Research Fellow,  
Signals and Systems

This research studies the design of an 
automatic cognitive load assessment in 
real time and with high fidelity.
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Universal Motion Simulator  
(UMS): from concept to 
commercialisation

2010
Formal launch of UMS  
at Deakin Waurn Ponds  
– helicopter simulator.

2006
Coining the term UMS, defining  
UMS DNA in a research proposal  
and subsequent filing of patent 
in 2007.

2008 2011
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2018

2012
UMS as a car simulator.

2018
Commercialisation  

of UMS and purchase  
by Australian Army.

2014

2017

2013
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Surgeons normally need surgical scissors 
and tissue grippers to cut through a 
deformable surgical tissue. 

The cutting accuracy depends on the 
surgeon’s skill in manipulating these two 
tools. Such skills are part of basic surgical 
skills training as in the Fundamentals of 
Laparoscopic Surgery. The gripper is used 
to pinch a point on the surgical sheet and 
pull the tissue to a certain direction to 
maintain the tension while the scissors 
cut through a trajectory. As the surgical 
materials are deformable, it requires a 
comprehensive tensioning policy to yield 
appropriate tensioning direction at each 
step of the cutting process. 

Automating a tensioning policy for a given 
cutting trajectory will support not only 
the human surgeons but also the surgical 
robots to improve the cutting accuracy and 
reliability. In general, automation of surgical 
tasks can help mitigate surgeon load and 
errors, reduce time, trauma and expenses. 

Manipulation of soft tissues is among the 
problems of interests of many researchers 
in the surgical robotics field. Surgical 
scissors are an efficient tool that is normally 
used to cut through soft tissues. For 
deformable substances, the deformation 
behaviours are highly nonlinear and thus 
present challenges for manipulation and 
precise cutting. 

Other surgical tools, e.g. robotic grippers, 
are needed to pinch and tension the 
soft tissues to facilitate the cutting. The 
tensioning direction and force need to be 
adjusted adaptively when cutting proceeds 
through a predefined trajectory. 

Machine learning in general or 
reinforcement learning (RL) has been 
involved in several studies for automation 
of surgical tasks. The ability of RL to solve 
sequential decision-making problems 
makes it suitable for automating complex 
tasks. Recent development of deep  
learning and its integration with RL has 
made it as a robust tool to deal with  
high-dimensional problems. 

We propose a multiple pinch point 
approach to modelling an autonomous 
tensioning planner based on a deep 
reinforcement learning algorithm. The 
advantages of our approach are analysed 
and highlighted compared to existing 
methods, i.e. no-tension, fixed, analytic, 
and single pinch point deep RL. 

To facilitate the unbiased comparisons, 
we use the finite-element simulator to 
model the deformable surgical gauze for 
experiments. The deformable gauze is 
characterized by a square planar sheet of 
mesh points whose locations comprise 
the state of the gauze. When the gauze is 
tensioned at a pinch point, the mesh points 
are moved and therefore their coordinates 
are observed as a new state of the sheet. 

Cutting is modelled as removing the 
vertices on the trajectory from the mesh  
so that these vertices no longer affect  
their neighbours. Cutting with scissors can 
only proceed in the pointing direction of 
the scissors. 

This work was carried out with Professor Fernando 
Bello, Department of Surgery and Cancer, Faculty 
of Medicine, Imperial College London, UK.

Dr Thanh Thi Nguyen
Senior Research Fellow, 
Intelligent Modelling  
and Simulation

Deep reinforcement learning aids 
autonomous surgical pattern cutting

Reinforcement learning 
to solve sequential 
decision-making 
problems makes it 
suitable for automating 
complex tasks.
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In the real-world engineering fields of automotive, structural engineering,  
and aerospace industry, optimization problems exist that have more objectives 
than existing state-of-the-art multi-objective evolutionary algorithms can  
handle efficiently. 

An optimization algorithm, with four or more competing objectives, is regarded as a 
many-objective optimisation problem. It poses a wide range of challenges, including 
poor convergence rate, diversity maintenance and visualisation of optimal trade-
off solutions. Recent developments in the field of multi-objective evolutionary 
algorithms, aimed at solving high-dimensional objective space optimisation 
problems such as design, scheduling, planning, and control. 

This research aims at enabling a single-objective evolutionary algorithm to be 
simultaneously applied to all objectives of a many-objective optimisation problem. 
In this vein, a new reference point-based framework is investigated, which 
decomposes the objective space using reference points to create multiple scalar 
problems and at the same time use them as target vectors to preserve the  
diversity of obtained solutions. A simple and novel scalarisation-based dominance 
sorting technique is proposed for the environmental selection stage of the 
evolutionary process. 

The framework demonstrates attainment of well converged and distributed set  
of solutions in multi- and many- objective optimisation. The superior performance, 
in comparison with other multi-objective evolutionary algorithms, obtained in  
this research is measured on the outcome of quality metrics for 3-15 number  
of objectives.

The developments in the area of multi-objective optimisation can be applied 
to numerous research projects of IISRI, such as design problems in the field of 
robotics, planning and scheduling in decision-making tools, and optimal layout  
for the visualisation of nodes in systems thinking models. 

Many-objective optimisation for 
multiple trade-off solutions

Dr Burhan Khan
Research Fellow, Modelling, 
Simulation and Optimisation

Above: 3D-representation of a Pareto-front.
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IISRI’s research expertise in discrete 
event modelling and simulation modelling 
is aiding decision making within the 
Australian Electoral Commission. 

A discrete event simulation model is a 
virtual representation of a real or proposed 
physical system. Analysis of simulation 
models can help people make operating or 
resourcing decisions. Normally, a simulation 
model is created with the ability to test 
different operating and resourcing policies. 
Running the simulation model multiple 
times enables us to compare different 
options. Simulation can provide insight into 
how a system will behave, help improve 
system performance and provide the ability 
to test new ideas, all without affecting the 
physical system.

IISRI researchers are using simulation 
models to help the Australian Electoral 
Commission (AEC) improve the voting 
experience. The models were informed 
using data collected during planned  
trials and at the 2017 Federal by-election  
in Bennelong.

AEC polling places have been modelled and 
analysed, providing an estimate of queue 
times based on the expected number 
of electors and allocated staff at the 
polling place. The simulation model allows 
variations in electors and staff, and helps to 
find the right balance between polling place 
performance and cost. 

Additionally, it is possible to test different 
polling place layouts, issuing points and 
voting screens, looking for bottlenecks  
and options to improve the efficiency of  
the system. 

Simulation models concerning ballot 
counting focus on the duration of the 
count. These models compare the size 
of the count versus the allocated staff. 
These models assist the AEC with resource 
planning once the polling places have 
closed on election day.

A major outcome of the research was a 
change the AEC made to their resourcing  
of polling places. Analysis showed instances 
where excessive queues could form, 
prompting the need for changes in resource 
planning for polling places. 

Other important findings focus on 
efficiency gains within the polling place. 
An example is the introduction of mini-
queues within the polling place. These 
types of changes can be tested within the 
simulation, and compared to find the most 
efficient option. 

Research helps to improve  
Australia’s voting process

Above: Simulation model snapshot 
of a typical polling place on 
election day.
Right: Bundled Senate ballot papers 
after being sorted and counted.

A/Professor Michael Johnstone
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Luke Crameri
PhD student

Above: Experimental testing environment.
Below: Mobile EEG headset.

Efforts to predict the future performance of people in occupations ranging  
from defence and emergency services to professional sports have met with  
varied success. 

The challenges of predicting performance for these working domains can be 
attributed to the complex, dynamic and uncertain task environments in which their 
personnel must operate. It is inherently difficult to identify specific task parameters 
for a task environment that is ever changing and not always well-surveyed.  
It is difficult to predict what the individual will experience in-task and the  
types of cognitive functioning required to overcome the in-coming stressors.  
This makes it difficult to develop effective training and competency tests for these 
working domains.

Operational cognitive readiness (OCR) is a theoretical concept to address issues of 
performance prediction and to assess the mental preparedness of personnel prior 
to task engagement to ensure that their cognitive and non-cognitive processes are 
functioning at adequate levels. 

Current OCR theories have specifically focused on military and still need to be 
grounded in empirical data. Moreover, existing measures of OCR include the use of 
static tools such as surveys and scenario-based questionnaires, which are not able 
to assess the cognitive and non-cognitive functioning of personnel under the types 
of environmental conditions that would be experienced in-task. 

My PhD project intends to establish a proof of concept for the decision-making 
cognitive component of an OCR framework. Decision-making was identified as 
a primary cognitive function that may predict performance. When an individual 
becomes stressed, their decision-making functioning may start to decline, leading 
to severely negative outcomes. Therefore, it is crucial to ensure that individuals 
are able to maintain high levels of decision-making while enduring various levels of 
stress prior to commencing a task. 

To address this, we will assess individuals’ decision-making under various complex, 
dynamic and uncertain task conditions.

The pairing of physiological measures, such as heart rate, respiratory rate and brain 
activity measured using electroencephalography (EEG) will be evaluated to assess if 
these measures are sensitive towards predicting decision-making performance. 

Additionally, this research work will extend part of an OCR framework to assess how 
an individual’s dynamic resilience mitigates in-coming cognitive anxiety within the 
task environment and whether there are any notable effects on decision-making 
performance. The broader outcomes of this research will assist supervisors from 
domains such as military, elite sports and emergency services to assess the mental 
preparedness of their returning personnel from post-trauma, concussion, excessive-
stress and burn-out conditions. 

Predicting operational cognitive performance
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Digital and technology disruption is a big 
challenge for most industry sectors in 
today’s rapidly changing world. 

The Australasian Railway Association 
(ARA) and the Rail Manufacturing CRC 
have recognised this and selected IISRI 
to map out a path for the technological 
changes in rail operations and service 
delivery. The result is the Smart Rail Route 
Map, which sets a 30-year, technology 
neutral framework for the introduction 
of new digital and telecommunications 
technologies.

Technology Road Mapping (TRM), or in 
this case rail route mapping, is a method 
for mapping how changes in technology 
will affect an industry, economic sector 
or organisation over a set timeframe. The 
Smart Rail Route Map was developed 
through industry consultation, including 
three major workshops, six video 
conferences and a series of group and 
individual discussions. More than 250 
industry interactions were included into 
the final synthesis of ideas, thoughts and 
direction forward for the rail sector.

We initiated the project with the following 
four focus areas, which were the most 
likely to be influenced by digital and 
telecommunications disruption:

• passenger customer experience 

• freight customer experience

• traffic and network management

• high performing railways.

During workshops, StickE maps were used 
to help facilitate discussions through the 
development of themes, grouped ideas, and 
initiatives. The system maps also showed 
the strong interdependencies between 
focus areas and across themes within each 
focus area. This interdependency helped 
to reinforce the development of ideas and 
initiatives that had a strong influence on 
overall system performance. As well as 
technology and the disruptive nature of 
change, there was significant impetus to 
involve people, skills, competencies and 
change management in all discussions.

The establishment of industry-wide goals 
and focus area objectives led to the 
development of high-level initiatives, with 
integrated lower-level actions below each 
initiative. From this series of initiatives, a 
prioritisation methodology was adapted 
from product development techniques and 
applied to a service sector (transport). 

Dr Bruce Gunn
Senior Research Fellow

The Smart Rail Route Map – setting a long-term 
vision for technology disruption for the rail sector

Above: A graphical representation of the vision for 
technology within an interconnected rail sector.

The Smart Rail Route Map project has 
provided a significant strategic pathway for 
the rail industry to meet the challenges of 
digital and telecommunications disruption 
over the next 30 years. 
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The priority of an initiative was based on the importance of 
each initiative measured against the focus area goals and 
was measured through the input of more than 30 industry 
participants at a major workshop. The outcomes set a realistic 
ranking of priorities for each focus area.

Project outcomes

The main output of development of the Route Map is an 
80-page document highlighting in detail the top 10 prioritised 
initiatives and a further 12 longer-term initiatives. 

The top 10 initiatives were:

1.  Improved disruption management for passenger rail

2.  Customised passenger information services

3.  Predictive journey planning technology

4.  Real-time freight information services

5.  Data framework for freight customers

6.  Key data requirements for traffic and network 
management

7.  AI and automation for system management

8.  Management of technology legacy systems

9.  Up-skill the industry

10.  Improve safety through advanced technology. 

Overall, 22 prioritised initiatives were chosen from a list 
of more than 65 initiatives developed during discussions. 
The initiatives and action items were prioritised and were 
pragmatically applied to achieve a small number of high 
importance initiatives for each focus area. A series of key 
themes and action items were detailed along with an 
indicative timeline for each of the top 10 initiatives. 

The ARA is now putting in place an executive steering 
committee to guide the development of a detailed 
implementation plan.

The seven main conclusions from the final report were 
captured in the following catchphrases:

•  Think customer: put end-use customers as the priority in 
developing technology

•  Move faster, adapt and innovate: improve the uptake rate 
of small and large innovation

•  Align with global standards: minimise the development of 
bespoke solutions

•  Use data to inform and perform: understand the data, 
information, knowledge, wisdom nexus

•  Collaborate to remain competitive: instil a collaboration 
culture across the industry

•  Proactively manage technological change: change 
management involving all key stakeholders is required  
for success

•  Upskill and master to thrive: improve the skills and 
competencies of new and existing workers.

Overall, the project has provided a significant strategic 
pathway for the rail industry to meet the challenges of digital 
and telecommunications disruption over the next 30 years. 

How people interact with new technology and developing 
proactive change management programs were key messages 
from all industry participants.

Above: A sample of a StickE map examining one focus area.
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The RAIDER combined arms live-fire 
target system is an unmanned robotic 
moving target package developed by IISRI 
researchers to improve the flexibility, 
authenticity, repeatability and availability 
of live fire and live simulation training at all 
Australian ranges. 

RAIDER achieves this by employing a large 
moving surface (2D, 2.5D, 3D, day / night 
targets) slightly above ground level and 
moving at speeds of up to 40 km/hr. It 
can be targeted and directly fired upon. 
Target surfaces can be quickly replaced 
or produced as needed to represent any 
suitable vehicle or target profile as required 
to achieve training objectives. RAIDER 
complements and is interoperable with 
existing range training assets; such as 
movers and lifters.

In a class of its own, RAIDER makes possible 
moving-target training of all natures and 
can be engaged by all weapons platforms, 
including rotary and fixed wing aircraft, 
ground vehicles such as armoured fighting 
vehicles (AFV), Land 400 vehicles such as 
the combat reconnaissance vehicle and 
infantry fighting vehicle, and extends to 
high-explosive guided missile varieties and 
beyond. Traditional moving range targets 
are limited to use with direct fire, non-high-
explosive natures, fired from ground-based 
weapons platforms.

RAIDER is unique in that it can be deployed, 
operated, recovered and then relocated 
across multiple Australian ranges, providing 
a moving target capability to the Australian 
Defence Force and our allies wherever and 
whenever it is needed, across a variety of 
terrain environments. 

The RAIDER system, its ground control 
station, spares and consumables, comes 
packaged as a self-contained 20-foot 
shipping container suitable for road, rail 
and sea movements. Multiple RAIDER 
targets can be controlled by a single trained 
operator.

To date, RAIDER has participated in 
exercises across multiple Australian ranges 
and engaged from distances of 500 m to 
2,200 m using gun (7.62 mm, 50-cal, 25 mm, 
30 mm), 70 mm rocket, Javelin FGM-148 air-
to-surface missile, 120 mm main battle gun 
on tank, and AGM-114M Hellfire Captive Air 
Training Missile (CATM). Weapons platforms 
include ASLAV, M113, M1A1 Abrams Tank, 
and ARH Tiger Helicopter.

Manufactured in Geelong, RAIDER 
technology fundamentally and significantly 
extends how, when and where live-fire 
training can be delivered across Australia. 
Over the previous 18 months RAIDER has 
enabled a number of Australian firsts in 
training, including: 

•  First engagement of a Javelin missile at 
moving target

•  First dual simultaneous engagement 
of common moving target with Javelin 
missiles

•  First moving live-fire target on ridge line 
at Shoalwater Bay Training Area

•  First Australian relocatable AFV moving 
target system at Puckapunyal

•  First moving target capability available 
at Cultana Training Area 

•  First time an ARH Tiger helicopter has 
engaged a moving target in training.

The RAIDER technology is an expandable, 
adaptable, upgradeable and exportable 
platform on which to advance moving target 
training in Australia and around the globe.

RAIDER – train anywhere,  
any time, all natures

Dr Mick Fielding
Project Manager / Lead 
Engineer, RAIDER Combined 
Arms Live Fire Training System

Raider provides moving 
target capabilities to 
the Australian Defence 
Force and our allies.

Above: RAIDER modular tractor, trailer 
and target shown in typical configuration 
for direct-fire moving target training.
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FINANCIAL SUMMARY 
- For Period Ended 31 December 2018

2018 Actual 
$

INCOME

Research Income 4,716,667

Other Income 15,574

Research Allocation / University Contribution 3,320,044

Total Income 8,052,285

EMPLOYMENT COSTS 

Academic Salaries 4,454,897

General Salaries 709,812

Other Employment Costs 805

Total Employment Costs 5,165,514

NON SALARY EXPENSES 

Buildings and Grounds Infrastructure Costs 50,447

Communication / Advertising, Marketing and Promotions 45,535

Consumables 320,990

Depreciation and Amortisation 562,658

Equipment – Repairs, Maintenance & Other Costs 740,101

Other Costs 448,321

Professional, Legal and Consultants 234,213

Staff Recruiting, Training and Other / Library Information Resource Expenses 30,951

Student Expenses 277,342

Travel, Catering and Entertainment 176,213

Total Non Salary Expenses 2,886,771

Surplus / (Deficit) 0

Financial Summary



26

Student Given Name Student Surname Thesis Title

Saba Tareq Salim Al-Wais
Robust delay-dependent control for the stability and 
synchronization problems of tele-operation systems

Toktam Babaei Jonid Abad
Individual and Ensemble Functional Link Neural 
Networks for Data Classification

Omid Fathollah Nadjarbashi
Haptic Data Reduction through Dynamic Perceptual 
Analysis and Event-based Communication

Julie Gaburro
Arbovirus and Mosquito Vector: Behaviour and 
Neurophysiological Interactions

Bruce Gunn
Inference of Resource-based Simulation Models from 
Process Event-log Data

Ibrahim Hossain
Informative Transfer by Active Learning for Calibration 
Time Reduction of Brain Computer Interface

Muhammad Burhan Khan
Evolutionary Many-objective Optimisation based on 
Scalarisation

Dhurgham Ismael Khudhair
Nano electrode based on TiO2 nanotubes for neural 
interfacing

Arash Mohammadi
Enhancing human motion perception in model 
predictive motion cueing algorithm

Darius Nahavandi
Postural Injury Risk Assessment for Industrial 
Processes using Advanced Sensory Systems

Siamak Pedrammehr
Dynamic modelling of hexarot parallel mechanisms 
for design and development

Syed Moshfeq Salaken
Solving Computational Bottleneck of Interval Type-2 
Fuzzy Systems

Student Completions
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