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DurINg 2020, 
DESpItE thE MaNy 

ChaLLENgES, thE INStItutE 
FOr INtELLIgENt SYStEMS 

RESEarCh aND INNOvatION 
(IISRI) haS CONtINuED 

tO ExpLOrE aND DISCOvEr 
NEw kNOwLEDgE thrOugh 
CuttINg EDgE INItIatIvES

ALFRED DEAKIN PROFESSOR 
JULIE OWENS

Deputy Vice-Chancellor Research 
Chairperson, IISRI Board

During 2020, despite the many 
challenges, the Institute for Intelligent 
Systems Research and Innovation 
(IISRI) has continued to explore and 
discover new knowledge through 
cutting edge initiatives, and develop 
and implement them to address 
national challenges to the benefit 
of industry and society. A number 
of great opportunities have been 
realised in partnership with local 
and international industry and other 
organisations. 

A series of key challenging research 
questions in the fields of autonomous 
systems, data sciences and AI 
applications have been addressed. 
One such question has been “human-
machine trust” – considering and 
developing the trustworthiness of 
autonomous systems. 

This has been demonstrated through 
the “human-on-the-loop” concept 
which brings humans into the nexus of 
robotic and haptic systems to enhance 
their robustness and adaptability, and 
thereby establishing a level of ‘trust’ 
between humans and machines.

Despite restrictions due to the 
COVID-19 pandemic, IISRI has adapted 
to continue its work including remotely. 
Defence related research continued 
unabated, along with building the 
future pipeline, with three successful 
ARC grant awards and other key 
research grants and contracts in the 
last year. 

IISRI’s research collaboration with the 
Australian Air Force was marked by the 
completion and operation of Australia’s 
first human centrifuge, located within 
IISRI at Deakin - with the potential 
to facilitate aviation based medical 
research and advance Australian space 
research and space tourism training 
systems. 

Numerous IISRI researchers made 
their mark in 2020 through the creation 
of new knowledge and technology 
innovations with their research 
partners. These research partners 
ranged from a large infrastructure 
company, to a small technology 
company, to world leading research 
institutions, such as the Bionic Institute 
of Australia. This would not be possible 
without the strong commitment of 
IISRI as a whole, a great testament 
to a series of highly motivated and 
well-orchestrated research teams.

Finally, we congratulate Professor 
Nahavandi as Deakin’s first IEEE Fellow, 
in recognition of his world leading 
contributions to the field of Haptically 
Enabled Robotics, and with over  
30 years of contributions to this 
body of knowledge. 

C h a I r p E r S O N ’ S  
R E p O rt

2 0 2 0

During 2020, despite the many challenges, the Institute for 
Intelligent Systems Research and Innovation (IISRI) has continued 

to explore and discover new knowledge through cutting edge 
initiatives, and develop and implement them to address national 

challenges to the benefit of industry and society. 
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ALFRED DEAKIN PROFESSOR 
SAEID NAHAVANDI

Director IISRI

2020 was indeed a very 
unprecedented year with many 
challenges on several fronts. The 
Covid pandemic imposed its own 
rules and restrictions and we, as 
researchers, had to find novel ways 
to keep the research milestones 
delivered in a totally new way to 
keep abreast of research continuity. 

During this period, IISRI managed to 
secure a number of new research 
grants and contracts from several 
sources, which include ARC Discovery, 
ARC DECRA, Cooperative Research 
Centre, and Department of Defence. 
Such a diverse range of projects, from 
fundamental research, prototype 
demonstration, to real-world 
implementation, created a very fertile 
innovation ecosystem for researchers 
to have a deeper understanding 
and appreciation of research and 
its translation to the commercial  
ready stage.

Our research on human centrifuge 
technology gave us an insight into the 
full requirements of such technology 
from an aviation medicine perspective 
and how human occupants can and 
should be instrumented to collect data 
to unlock our understanding of the 
human body under various G-force 
and the subsequent performance 
assessments. IISRI’s systems thinking 
and systems engineering research was 
applied to a range of applications from 
health analytics to manufacturing. 
This research has proved to offer 
a very powerful and pragmatic principle 
for many domains. 

Our research partnership with 
counterparts from various faculties 
and institutes across Deakin also 
achieved significant outcomes. Two 
examples are (i) the development of 
wearable sensor technology for data 
collection that allows primary school 
teachers to assess children's vital motor 
skills in physical education class, in 
collaboration with Research for 
Educational Impact School (REDI) in 

School of Education and Institute for 
Physical Activity and Nutrition (IPAN); 
(ii) the use of cutting-edge AI 
technologies and eye tracking 
capabilities (which have been 
developed for other applications, such 
as Australian Defence and elite sports 
behavioural psychology) for 
understanding how children engage 
with various forms of advertising and 
marketing strategies of products known 
to increase risk of cancer primarily 
alcohol, tobacco and junk food, 
in collaboration with Institute 
for Health Transformation and 
School of Medicine.

Externally, IISRI participated in and 
contributed to a number of industry 
road map documents development, 
namely eVTOL, Industry 5.0 and 
Robotics Australia Roadmap. This 
activity created great opportunities to 
engage with other thought leaders and 
contribute IISRI’s perspective on what 
to be recognised as the “next steps” 
in these areas. 

2020 was indeed a very unprecedented year with many challenges 
on several fronts. The Covid pandemic imposed its own rules 

and restrictions and we, as researchers, had to find novel ways 
to keep the research milestones delivered in a totally 

new way to keep abreast of research continuity. 

D I r E C tO r ’ S 
R E p O rt
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Deakin University Awarded Professor 
Robert Howe of Harvard University an 
Honorary Doctorate at the graduation 
award ceremony in February. We 
started our research collaboration with 
Harvard when I first spent my 
sabbatical visit there in 2013. 

The joint research led to a number 
of journal publications and also 
technology prototype development. 
This research relationship was fully 
strengthened by placing one of our top 
researchers there for an extended 
period of time soon after. Harvard 
University brings a very fresh look at 
the way we go about our innovation 
and provides a unique partnership 
under two different research cultures.

In addition, this opportunity opened 
up doors for us to reach out to major 
world-class companies in Boston to 
identify their research needs and how 
our work can be aligned to create value 
proposition and also greater 
international linkages. 

We continued running our annual 
Defence and Security Symposium that 
attracted over 150 participants, in a 
virtual mode. This activity in 2020 was 
further extended to cover wider 
themes in security and defence and 
attracting a number of top speakers 
from both domains. 

This symposium brought together 
subject matter experts from 
government, industry, and academia to 
discuss challenges and opportunities in 

establishing sovereign capabilities 
pertaining to Defence and Security for 
Australia. 

The symposium topics encompassed 
strategic and operational issues related 
to government priority, industrial 
complexity, and research intricacy 
on sovereign defence and security 
capabilities in the land, sea, air, 
space and cyber domains. 

ExtErNaLLy, IISRI 
partICIpatED IN aND 
CONtrIbutED tO a 

NuMbEr OF INDuStry 
rOaD Map DOCuMENtS 
DEvELOpMENt, NaMELy 
EVTOL, INDuStry 5.0 

aND RObOtICS AuStraLIa 
ROaDMap
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 Figure 1: Steps involved in 
uncertainty-aware operation of an 
autonomous suturing system used 

for minimally invasive surgery, 
(1) positioning and forcing for 

inserting the needle, (2-3) path 
planning for accurate insertion and 
exertion of the needle considering 

uncertainties, and (4) optimum 
position and orientation for 

grasping the needle to maximise 
the mission success.

D I S CO v E ry  I N  t h E 
w O r L D  O F  u N C E rta I N t y
ALFRED DEAKIN PROFESSOR 
Saeid Nahavandi, Director IISRI
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Artificial intelligence (AI) research 
was revolutionised in 2012 by the 
introduction of deep learning (DL) 
algorithms. 

DL models can yield best-in-class 
performance, scale effectively with 
data, automatically extract useful 
information for decision making, and 
are fully transferable. New advances in 
DL have already ignited an explosion of 
AI applications for solving challenging 
problems across a range of previously 
uncharted applications, as diverse as 
autonomous vehicles/robots, cancer 
diagnosis and drug discovery.

Due to their promising 
features, DL models have truly 
gained significant applications 
in the field of robotic and 
autonomous systems in 
recent years.
Self-driving cars and AI-enabled robots 
are examples of autonomous systems 
which have the potential to greatly 
impact our society in the 21st century. 

A current trend in autonomous system 
design is to learn a control/navigation 
policy from raw sensory data, such as 
images. DL-based supervised learning 
and reinforcement learning models are 
often applied for developing the policy. 

Although these DL models are assumed 
to be accurate and reliable once 
training and validation processes are 
complete, there are profound and 
fundamental issues with their respect 
to their reliability and robustness. 
These DL models principally suffer from 
the state distribution shift and critically 
fail to generalize to rare or unusual 
states (unseen conditions during 
model training). 

Besides that, their predictions are 
prone to large errors if the data set 
has inherent noise and randomness 
which cannot be optimally captured by 
the underlying training algorithms. DL 
models are prone to making mistakes 
without any warning in situations with 
rare or noisy training data. 

Purely relying on the current state-
of-the-art DL models in safety critical 
applications or human decision-making 
tasks could lead to catastrophes. 

Examples include fatal accidents for 
autonomous vehicles (Tesla 2016 
and Uber 2018), incorrect diagnosis 
and treatment potentially resulting 
in severe medical complications, or 
financial losses due to false threat 
detection in cyber-security systems. 

In all these cases, state-of-the-art DL 
models could misrepresent the data 
and generate single-valued predictions 
without providing a measure of their 
certainty/confidence associated with 
the results. Accordingly, the robustness 
and reliability of DL models is always 
questionable due to the lack of 
uncertainty quantification.

These fundamental problems have 
been well notified and extensively 
studied as part of our two recent 
ARC funded Discovery Projects 
(DP190102181 and DP210101465). 
These two research projects, for 
the first time, propose a novel end-
to-end framework for uncertainty 
quantification and uncertainty-aware 
decision making using deep neural 
networks. 

Novel sampling-free and distribution-
free methods are formulated to 
generate predictive uncertainty 
estimates, which are propagated to 
subsequent AI models to automatically 
learn resilient policies for operating 
autonomous systems. We have 
created the knowledge base to derive, 
develop, and implement the end-to-
end framework for uncertainty-aware 
planning and decision-making. 

All aspects of research are fundamental 
with profound impact on the 
reliability and robustness of DL-based 
technologies. 

The key outcomes of the research 
comprise novel AI-based algorithms 
and a theoretically solid and practically 
efficient framework for undertaking 
uncertainty-aware decision-making 
problems. The immediate applications 
include safety critical tasks in robotic 
and autonomous systems such as 
self-driving cars, automated medical 
diagnostics, robotics, and cyber 
security systems. 
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Dr. Houshyar Asadi was awarded 
the prestigious Australian Research 
Council Discovery Early Career 
Researcher Award (DECRA) in 
2021 for designing and developing 
High-Fidelity Motion Simulator 
using Sickness-Free Motion 
Cueing Algorithms. 

His research aims to revolutionise 
the use of state-of-the-art motion 
simulators for driver/pilot training, user 
behaviour and performance evaluation 
and safety purposes. The outcome has 
immense social and emotional impact 
pertaining to reducing road crashes in 
Australia and minimising the associated 
economic cost ($27 billion per annum). 

In addition, the research has great 
benefits for advanced manufacturing 
in the automotive sector. 

Currently, vehicle manufacturers 
evaluate new vehicle designs using real 
prototypes during various R&D stages, 
which makes the process of new 
vehicle design and performance 
evaluation highly expensive and 
time-consuming, not to mention the 
high risk for human drivers in testing 
prototype vehicles. 

These drawbacks can be greatly 
overcome through the use of motion 
simulators for virtual vehicle 
prototyping, test and evaluation not 
only in Australia but also world-wide. 

The main novelty of Dr Asadi’s research 
centres on human-centric motion 
cueing algorithms (MCAs). Specifically, 
MCAs are the main element in a motion 
simulator that regenerates realistic 
driving/flying motion sensation of real 
land/air vehicles for the users, while 
respecting the unavoidable physical 
limitations of the motion simulator. 

Despite widespread applications, 
the existing motion simulators fail 
to deliver the most accurate human 
sensation to the users. This failure is 
mainly attributable to the inefficiency 
and inflexibility of the MCAs used in the 
existing simulators, leading to simulator 
sickness and user discomfort. 

Indeed, simulator sickness is a common 
problem for simulator users. It occurs 
because of unrealistic simulator motion 
and a mismatch between the visual 
cues perceived by the user’s eyes and 
motion cues perceived by the user’s 
vestibular system.

Low fidelity and simulator sickness are 
key drawbacks of existing simulators 
which demotivate participants and 
therefore negatively affect outcomes 
of training, user behavior analysis and 
virtual prototyping. 

In this ARC DECRA project, these key 
deficiencies of existing driving and 
flight simulators will be overcome 
by developing novel human perception-
based MCAs and leveraging advanced 
artificial intelligence techniques and 
optimal control theory. The novel 
MCAs are able to take into account 
human perception related factors, 
and will significantly increase simulator 
motion fidelity and eliminate motion 
sickness. It is envisaged that the 
research outcome will bring immense 
benefits to Australian research 
communities and industries, whereby 
low-cost, safe, and high-fidelity 
simulators can be widely used for 
training, performance evaluation 
and virtual prototyping.

Young researcher at Institute for Intelligent Systems Research and 
Innovation, Deakin University received the Australian Research 
Council Discovery Early Career Researcher Award (DECRA) 2021 
for establishing sovereign capabilities in motion simulation 
for Australian community and industry.
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Dr. HOuShyar ASaDI 
waS awarDED thE 

prEStIgIOuS AuStraLIaN 
RESEarCh COuNCIL 

DISCOvEry EarLy CarEEr 
RESEarChEr AwarD 

(DECRA) IN 2021
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A N  u p D at E  f r O M 
D r  P a r h a M  M O h S E N z a D E h  K E b r I a , 
A L f r E D  D E a k I N  P O S t D O C tO r a L 
R E S E a r C h  f E L L O w

R E S E a r C h  I N  t h E 
S p a C E  E N v I r O N M E N t

BY HDR STUDENT ANUSHRI RAJENDRAN

DR PARHAM MOHSENZADEH KEBRIA,

Alfred Deakin Postdoctoral 
Research Fellow

As part of his research in the last year, 
Parham designed and developed the 
first telepresence system for remote 
ultrasound sonography. 

The system is composed of a human-
safe robotic platform, teleoperation 
configuration and control architecture, 
and a haptic console for the human 
operator. The operators can be 
sonographers and/or radiologists who 
aim to remotely and safely operate and 
do ultrasound medical imaging and also 
for testing COVID-19 patients. Figure 
above illustrates the developed system 
in action at a clinical trial.

The haptic human-robot interface 
has been integrated into the robotic 
platform to enable real-time and safe 
monitoring of force feedback from 
human and environment while being 
viewed by four cameras to provide full 
situational awareness. The system also 
mitigates the latency and uncertainties 
through the teleoperation process. 

The novelty of the algorithm is being 
able to adaptively deal with the 
delays and uncertainties induced 
by the communication and external 
disturbances on the system. If the 
delays and uncertainties increase, the 
control system makes sure that all 
signals are smooth enough without any 
abruption or sudden jumps that might 
cause instabilities. 

On the other side, the system 
constantly monitors the imaging 
performance of operators, and also, 
patients’ comfort to guarantee the 
safe and secure execution of the 
process. This feature of the system in 
empowered by artificial intelligence-
based techniques to utilize its 
predictive capabilities to anticipate 
latencies and uncertainties during the 
procedure. 

Anu is a PhD student at IISRI who 
works with human factors and AI 
to predict and manage Astronaut 
alertness and cognitive performance 
in the space environment. Anu is also 
the presiding Chair of the IEEE Deakin 
Student Branch in 2021.

Anu believes that bold experiences 
and interaction design in combination 
with purposeful application of human 
factors are key to the adaptation of 
futurist technologies. 

Having worked with Tier 1 clients such 
as Telstra, Danone Nutricia, AGL, NBN, 
ATO, and Coles. Anu brings senior 
expertise in industry stakeholder 
management to Academia which 
has allowed her to develop research 
relationships with NASA Ames research 
centre, the Australian Military and 
Space sector, and the larger Australian 
science community. 

Anu has won industry awards for 
developing applications for voice 
assisted AI (Cortana, Ok Google and 
SIRI) as well as having developed skills 
for the Amazon Alexa and Defence 
applications using the Microsoft 
Hololens (Augmented reality).

Anu holds a Bachelor of Design 
(Honours) (Industrial Design) 
(sub major in Engineering) from 
Queensland University of Technology 
and an Executive Certificate in Space 
Studies from the International Space 
University. Anu has been a recipient 
of both the Graduate Women’s Victoria 
Scholarship (2019) and the Sir Ross and 
Keith Smith Aviation Scholarship (2020).

In her spare time Anu plays acoustic 
guitar (and wants an electric guitar 
next), practices Bikram yoga, loves 
hiking, reads a lot of books (Crime-fi, 
Sci-fi, Psychology, Self-improvement, 
Space, Science). At the lunch table 
Anu can be heard discussing the stock 
market and cryptocurrencies while 
showing off her cooking skills and 
talking about health and performance-
based nutrition. 

Anu is also a science communicator 
and co-host on 3RRR’s Einstein a Go-go 
radio show. You can tune in at 11am on 
102.7FM on the fourth Sunday of every 
month to hear Anu report on all things 
Space and Technology.
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  HERCULES being evaluated 
in real-world clinical trials.
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L E a r N I N g - b a S E D  M O D E L 
P r E D I C t I v E  CO N t r O L  F O r 
A u tO N O M O u S  V E h I C L E

RESEARCH BY HDR MOHAMMAD ROKONUZZAMAN 

MOHAMMAD ROKONUZZAMAN
HDR Student

Mohammad Rokonuzzaman received 
a Bachelor of Engineering in Electrical 
and Electronic Engineering from 
Islamic University of Technology (IUT), 
Bangladesh and the M.Sc. degree 
in Space Science and Technology 
with the specialisation in Space 
Robotics and Automation from Aalto 
University, Finland. 

Currently, he is a PhD candidate at 
the Institute for Intelligent Systems 
Research and Innovation (IISRI) at 
Deakin University, Australia. His 
research areas include control of the 
autonomous vehicle, human effects in 
autonomous driving and learning-based 
control of autonomous and semi-
autonomous systems.

Interest in Autonomous Vehicles (AVs) 
has been increasing over the last few 
decades, with rapid advancements 
in sensor technology and portable 
computing devices. 

The socio-economic impact of AVs is 
not only confined to the end vehicle 
users; they have also shown an 
indelible and revolutionary impact on 
public transportation systems. Despite 
having numerous benefits, to make AVs 
acceptable to a wide demographic, in 
addition to safety, the comfort of the 
passengers needs to be considered. 

The Path Tracking Controller (PTC) of 
AV is an important subsystem that 
drives the vehicle on the planned 
path as accurately as possible. PTC 
of the AV is an interface between 
vehicle dynamic and path planner unit. 
Since this unit has access to the ride 
and handling control subsystems of 
the vehicle, e.g. steering and lateral 
control, it can be used to enhance 
the dynamic behaviour of the vehicle 
while implementing an accurate path 
tracking task. The focus of this research 
is to design the PTC of AVs in order to 
ensure safety and passengers’ comfort.

From an objective point of view, human 
comfort and safety can be enhanced 
by improving the handling behaviour 
of the AV. The learning-based Model 
Predictive Control (MPC) has shown 
high potential to accommodate this 
measure, and as a result, improve 
the comfort of the passengers. It 
is noteworthy that comfort criteria 
vary for individuals and the choice of 
driving style has a significant effect on 
comfort. 

The objective is to design a data-
driven MPC which takes advantage 
of the plethora of data available from 
modern vehicle systems. The controller 
will be able to mimic driving style by 
using driving demonstration data from 
individuals. 
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 Data collection system using a simulator

 Data collection system from a real vehicle

 Vehicle dynamics model

Human driving demonstration path  
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A new $3.5 million Australian Army 
contract awarded to Deakin's Institute 
for Intelligent Systems Research 
and Innovation (IISRI) provides a 
significant boost to Deakin's leading-
edge research and innovation in 
autonomous vehicle technology.

The contract is part of the Australian 
Government's recent $12.2 million 
investment in Australian industry 
contracts to increase the Army's 
experimentation, prototyping and 
exploration of autonomous vehicle and 
emerging technologies.

It also confirms the Department of 
Defence's commitment to IISRI's 
Leader-Follower autonomous vehicle 
technology program, with a previous 
$2.9 million contract awarded in late 
2018 providing for the development 
phase of the project.

The new contract provides for the 
second phase of the project, which 
involves expansion and prototyping 
and brings the Australian Army's total 

investment in the program to 
$6.3 million.

Deputy Vice-Chancellor Research and 
Alfred Deakin Professor Julie Owens 
said Deakin is proud to continue 
providing world-class technology for 
the Australian Defence Force in a 
partnership that first began in 2006.

"Deakin continues to work very 
closely with the Australian Defence 
Force to provide key technologies and 
capabilities to strengthen Australia’s 
sovereign capabilities," Professor 
Owens said.

"Deakin is uniquely geared towards 
providing solutions to real-world 
problems and we are proud of our track 
record and successful past delivery of 
projects for our clients, including the 
Australian Army.

It is a privilege to play a role in 
protecting Australia and bringing 
greater prosperity to Australian 
society."

IISRI Director Professor Saeid 
Nahavandi explained that the particular 
technology under development for the 
Australian Army relates primarily to 
large vehicles in the first instance, with 
a specific focus on convoys.

"The technology is vehicle agnostic, 
furnished with a range of advanced 
sensors – powered by IISRI's home-
grown software algorithms – which 
are advanced control and AI enabled 
and embedded in the vehicle control 
architecture to provide very safe and 
trustworthy manoeuvres," Professor 
Nahavandi said.

"This technology gives vehicles 
autonomous enormous capability so 
that a group of vehicles can move from 
A to B quite easily. Driving on a highway 
or cruising around an urban area is one 
thing, but our technology allows these 
vehicles to travel off-road in far more 
complex, unstructured, rough terrain 
– over river beds and through creeks – 
even when there's no markings on 
the ground."

Professor Nahavandi said the 
technology stems from his key research 
findings in haptics and robotics 
over the past 30 years. "One of the 
key advantages of this system is its 
adaptability – it can be retrofitted to 
old and new vehicles, providing a total 
vehicle agnostic solution for a range of 
transport including tanks, transporters, 
bulldozers and trucks," Professor 
Nahavandi said.

"Aspects of the bolt-on pack will also 
have the capability to be used in air 
and sea domains and the technology 
can easily be adopted in other non-
defence sectors such as transportation 
and logistics, mining and agriculture, 
all of which are of immense value to 
the Australian economy."

ThE tEChNOLOgy 
IS vEhICLE agNOStIC, 

furNIShED wIth a 
raNgE OF aDvaNCED 
SENSOrS – pOwErED 

by IISRI'S hOME-
grOwN SOftwarE 

aLgOrIthMS...
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Motion simulators are widely being 
used for research and development 
as well as commercial and industrial 
applications. 

They allow pilots and drivers to 
experience situations such as 
emergency upset training, maneuver 
procedures, and different terrain and 
weather conditions in the safety of 
a virtual environment and develop 
better competence in a wider variety 
of situations in a shorter period of time. 
This can significantly improve road and 
air safety and reduce the number of 
fatalities. Simulators are also the safest 
and most cost-effective tools for virtual 
prototyping, testing new land and air 
vehicle designs and conducting user 
behaviour analysis. 

Unfortunately, despite these benefits, 
simulators can also cause ‘simulator 
sickness’ due to inaccurate motion 
sensation.

“Simulator sickness is a common 
problem for users that occurs because 
of unrealistic simulator motion and a 
mismatch between the visual inputs 
and motion cues perceived by the 
user’s vestibular system,” said IISRI’s 
Dr Houshyar Asadi. 

“This mismatch is mainly due to 
simulator’s physical limitations, 
sub-optimality, lack of consideration 
of the human sensation-related 
factors and inflexibility of the motion 
cueing algorithm, or MCA, used by 
the simulators. The MCA acts as the 
‘brain’ of a motion simulator and is 
responsible for generating the motion 
cues that reproduce a high fidelity 
sensation of real flying and driving. ”

“Advanced motion platforms 
and novel MCAs are required 
to successfully design and build 
the next generation of high-
fidelity motion simulators to 
regenerate the most realistic 
driving/flying feeling.”
Recognising the movement limitations 
of the existing Stewart platform-based 
simulators, IISRI researchers have 
designed and built the world’s first 
haptically-enabled motion platforms – 
the Universal Motion Simulators (UMS) 
under leadership of Professor Saeid 
Nahavandi. 

Based on a highly customised 6 and 
7-degree-of-freedom serial robots, 

the UMS family, including fixed-base 
UMS, mobile UMS, and UMS Infinity (a 
tracked-base version), features a large 
motion envelope with high G-force, 
high-resolution kinematic control, 
two axes of continuous rotation and 
realistic acceleration. This introduces 
capability for manoeuvres that cannot 
be replicated by Stewart platforms 
and enables simulation of even the 
most unusual vehicle motion, including 
response to varying terrain and 
weather conditions, upset training, 
large tilt angles, sudden acceleration 
and deceleration, large vertical 
displacements, slipping and rollover.

However, the UMS is a unique and 
promising platform for motion 
simulation, Dr Asadi said it still has 
limited cartesian workspace due to its 
joints’ limitations and it was essential 
to equip it with a precise and optimised 
MCA to deliver the best possible 
realistic flying/driving experience to 
the user while respecting the physical 
limitations of the platform. 

As the key researchers of Motion 
Simulator Technologies team at IISRI, 
Dr Asadi and A/Prof. Shady Mohamed 
have been working on motion 
control, MCA and Inverse kinematic 

developments to turn the UMS to the 
high-fidelity motion simulator with 
unique capability in generating the 
most realistic driving/flying motion 
perception.

IISRI’s Motion Simulator Technologies 
team has addressed the key 
deficiencies of current algorithms 
by developing human perception-
based MCAs that leverage advanced 
computational intelligence techniques. 
The resulting optimised, flexible, and 
high-fidelity motion simulators have 
been validated by subject matter 
experts in the automobile and aviation 
sectors. In addition, some parts of the 
research findings have been published 
in high quality journals and conferences 
such as IEEE transactions.

“With these novel MCAs, the UMS is 
able to realistically emulate a range of 
land, air and sea vehicles in a virtual 
environment while significantly reduce 
the simulator sickness and increase 
the driving/flying motion realism. This 
is achieved by taking into account a 
number of factors when developing the 
MCAs, including the vestibular motion 
sensation error between the real and 
simulator drivers, and the simulator’s 
physical limitations,” Dr Asadi said. 

IISRI’s advanced MCAs allow the unique Universal Motion 
Simulators to replicate a range of high-fidelity maneuvers 

for land, air, and sea vehicles.

RESEARCH AND 
COLLABORATION

HIGHLIGHTS

18 19



20 21

I I S R I  R E S E a r C h E r S  D E v E L O p 
3 D  D I g I ta L  T w I N  F O r 
C a r b O N  R E v O Lu t I O N

The development of digital 
technologies has a significant effect 
on manufacturing systems.

The fourth industrial revolution, the 
integration of cyber and physical 
systems, has led to the development 
of virtual models, often called digital 
twins, which bear a close resemblance 
to physical reality. The deployment 
of digital twins is only just gathering 
widespread uptake, an area IISRI has 
been researching in for over 20 years. 

Carbon Revolution is expanding rapidly, 
requiring technologies to guide the 
process of industrialisation from the 
earlier batch and manual processes to 
high volume, automated processes. 
IISRI has undertaken research and 
development into two key technologies 
to assist with Carbon Revolutions 
transformation:

• Discrete Event Simulation (DES) 
models for current and future 
production scenarios, coupled 
with a Bayesian Optimiser to direct 
the search for optimal operating 
strategies.

• A 3D virtual model of the future 
factory including communications 
techniques to enable virtual 
commissioning.

The project has successfully developed 
DES models that have guided decision 
making in current production areas, 
future areas of investment and 
sequencing of the future factory. The 
end goal is to use the DES model to 
provide timing and synchronisation 
data for the 3D virtual model in 
emulation mode. The 3D digital twin 
has been completed to an operating 
model, with future effort to focus on 
virtual PLC commissioning.

Overall, the technology developed has 
significantly helped Carbon Revolution 
identify key areas of investment, helped 
solve some of the current operational 
challenges and provided the foundation 
digital twin for emulation of the 
future factory, where the expected 
production is 10 times greater the level 
of the existing production facility.

2 0 2 0

 1 of DES model for megaline

 1 of 3D Unreal model
 1 of Sysmac-Unreal integration

The deployment of digital 
twins is only just gathering 

widespread uptake, an area 
IISRI has been researching in 

for over 20 years.
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The purpose of this research is to 
develop a high-end tracking antenna 
capability that provides a sovereign 
alternative to the usual international 
suppliers inside Australian space 
sectors.

In this research, a novel motion 
tracking mechanism using six degree-
of-freedom (DoF) serial robot was 
designed and developed to track 
satellite motion in low (400km) and 
high (1,000km) altitude orbits around 
the earth. This is to allow the efficient 
reception and transmission of data 
between the earth and the satellite 
using an antenna attached to the ABB 
irb6600 robot’s end effector. 

Cingulan Space developed the first 
motion control algorithm to track the 
satellite using 2-DoF motions. As the 
initial developed algorithm was not 
able to generate 6-DoF motions using 
the serial manipulator, the generated 
motion was inaccurate and jerky and 
therefore the robot’s end effector 
was unable to efficiently track the 
satellite path. In this research project, 
a highly advanced algorithm is designed 
and developed to generate highly 
accurate satellite tracking motions 
without any data loss while using the 

whole available workspace of the 
robot in 6-DoF by incorporating all 
joints simultaneously. The developed 
algorithm can be implemented in either 
new version of ABB robot controller 
with externally generated motion 
(EGM) as well as older version of ABB 
robot controller without EMG support. 

The developed algorithm has been 
tested using Goliath Antenna Control 
Unit, which is a 6-DoF ABB serial robot, 
installed in Cingulan Space cite for 
different satellite paths in real time, 
and the robot was able to track the 
satellite path smoothly and accurately 
without any data loss. 

The proposed motion control algorithm 
developed by IISRI research team 
(including Dr Mohammadreza Chalak 
Qazani, Dr Houshyar Asadi, A/Prof 
Shady Mohamed, and Prof Saeid 
Nahavandi) increases the commercial 
viability of Cingulan space’s system, 
allowing Cingulan to track a greater 
range of satellites. In addition, the 
developed tracking antenna system 
can provide the Australian space 
sectors a unique capability to track the 
satellite paths and receive the satellite 
information more accurately.

T r a C k I N g  S at E L L I t E S 
I N  M Ot I O N

Institute for Intelligent Systems Research and Innovation 
Developed A High-End Tracking Antenna Capability for 

Australian Space Sectors Using a Novel Motion Tracking 
Algorithm and Serial Robot Mechanism.

T I N N I t u S  O b j E C t I v E 
D E t E C t I O N  u S I N g 
b r a I N  I M a g I N g

2 0 2 0

Tinnitus refers to hearing sounds such 
as ringing or shrieking which are not 
present externally. 

This condition affects up to 1 in 5 
adults, and in its chronic, severe 
form can lead to depression and 
stress. Despite its wide prevalence, 
there is currently no clinical test to 
objectively measure or assess tinnitus. 
Lack of an objective measure hinders 
development of treatments, to the 
extent that there is currently no reliable 
solution available for this condition. 

To tackle this challenging problem, a 
pilot study was jointly planned and 
completed between researchers from 
IISRI and The Bionics Institute. The 
study has used a non-invasive brain 
imaging technique called fNIRS which 
uses light to measure changes in brain 

oxygen levels. Researchers analysed 
fNIRS data collected at rest and in 
response to auditory and visual stimuli 
from individuals with tinnitus and a 
group of volunteers without tinnitus. 
Their findings showed differences in 
fNIRS signals between the groups at 
rest and reduced responses in the 
control group. Artificial intelligence 
algorithms were used to combine 
signal features from the different 
conditions and showed the ability to 
predict whether an individual’s fNIRS 
recordings belonged to a mild or 
severe tinnitus sub-group with high 
accuracy. These findings show great 
promise for use of this technique to 
assess new treatments or monitor the 
effectiveness of treatment programs on 
patients.

 The artificial intelligence-based pipeline for objective detection of tinnitus using brain imaging

P U B L I C A T I O N
Mehrnaz Shoushtarian, Roohallah Alizadehsani, 
Abbas Khosravi, Nicola Acevedo, Colette M. 
McKay, Saeid Nahavandi, James B. Fallon. 
Objective measurement of tinnitus using 
functional near-infrared spectroscopy 
and machine learning. PLOS ONE, 2020; 
15 (11) (https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0241695)

M E D I A  C O V E R A G E
• Channel 7: https://www.youtube.com/

watch?v=2C0Yn3XZRD4

• Channel 9: https://twitter.com/9NewsSyd/
status/1329328860631076864

• Other Sources

- https://www.eurekalert.org/pub_
releases/2020-11/p-tlc111120.php

- https://www.newscientist.com/
article/2259989-ai-that-can-diagnose-tinnitus-
from-brain-scans-may-improve-treatment/

- https://www.sciencedaily.com/
releases/2020/11/201118141656.htm

- https://science.orf.at/stories/3202969/ 
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The world-first research program 
examines the visual factors that cause 
children to take up harmful habits such 
as junk food, alcohol, and cigarettes; 
employing iPupilX eye tracking 
technology originally developed for 
use by the military and elite athletes.

This project is the first time scientists 
are able measure how much kids pay 
attention to junk food advertising 
outside of a laboratory setting.

Data is gathered using the iPupilX, an 
eye-tracking device, and information 
is generated through changes in the 
wearer’s pupil, disclosing attention and 
focus levels. 

This technology provides a unique 
advantage; it can be worn during 
normal activities and routines, allowing 
researchers to gather data in settings 
outside of a laboratory.

According to Cancer Council Australia, 
one in three cases of cancer in Australia 
is preventable – the equivalent of 
44,000 cases per year. 

Evidence now shows that a poor 
diet, being overweight, minimal 
physical activity and excessive alcohol 
consumption collectively contribute to 
nearly the same number of cancer cases 
as smoking. 

It is already known that exposure 
to advertising influences children’s 
attitudes, perceptions, expectations and 
purchasing behaviour across their lives.

Although the World Health Organisation 
has identified a critical need for 
effective, ethical and adaptive tools 
to monitor unhealthy advertising to 
children, no such tools currently exist.

This is largely due to the highly complex 
and ethically sensitive task of collecting 
data from children as they go about 
their daily lives. 

The Deakin team is aiming to overcome 
these barriers by creating a cross-
disciplinary solution that brings together 
the expertise of researchers across 
public health, policy, complex systems 
and artificial intelligence.

This project is funded under a Cancer 
Council Victoria Venture Grant. 
Collaborators include Cancer Council, 
University of Sydney, University of 
Wollongong and the Obesity Policy 
Coalition.

INVESTIGATORS: A/Prof Kathryn 
Backholer, A/Prof Asim Bhatti, 
Prof Chee Peng Lim, Prof Anna Peeters, 
Prof Colin Bell, Dr Becky Freeman, 
A/Prof Michael Johnstone, 
Ms Christina Zorbas, Jane Martin.

COLLABORATION: IISRI, Institute for 
Health Transformation (IHT), Global 
Obesity Centre (GLOBE)

Kathryn Backholer is an Associate 
Professor from Deakin’s Institute 
for Health Transformation (IHT).

Asim Bhatti is an Associate Professor 
from Deakin’s Institute for Intelligent 
Systems Research and Innovation (IISRI).

ThIS prOjECt IS thE 
fIrSt tIME SCIENtIStS 

arE abLE MEaSurE 
hOw MuCh kIDS pay 
attENtION tO juNk 
FOOD aDvErtISINg 

OutSIDE OF a 
LabOratOry SEttINg
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O F  T E L E O P E R AT I O N
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Many applications require remote 
control of a process, such as 
teleoperation systems. Teleoperation 
refers to manipulation and handling 
of objects remotely, which involves 
communication between master and 
slave sides of the system. 

These systems are extensively used in 
telesurgery, outer-space and deep-
sea exploration, hazardous materials 
handling, manipulation in dangerous 
environments, etc. 

Future space missions in Earth 
orbit, to the moon, and to other 
distant destinations offer many new 
opportunities for exploration. However, 
astronaut time is always limited, and 
some work is not feasible or efficient 
for humans to perform. Robots, 
however, can complement human 
explorers, performing work under 
remote control from Earth, orbit, or 
nearby habitats. 

A central challenge, therefore, is to 
understand how humans and robots 
can work efficiently and effectively 
together in order to maximize 
performance, improve scientific return, 
and increase mission success. 

Space telerobots can perform a 
variety of intravehicular activities and 
extravehicular activities for missions 
in orbit, in deep space, or on surface 
environments.

Having machines to accomplish 
repetitive and tedious tasks more 
accurately and robustly than humans, 
saves a valuable amount of time, 
costs, and workforce. Moreover, it also 
prevents human operators from work-
related injuries in some cases. 

Telerobots can take various forms 
and do a variety of work to increase 
the productivity of space exploration. 
They are well suited to performing 
tasks (surveys, routine maintenance, 
etc.) that are tedious, highly repetitive, 
dangerous or long duration, such as 
advance scouting, site preparation, and 
habitat construction that help prepare 
for future human activity. Telerobots 
can also assist humans side by side 
during activities and perform follow-
up work, completing tasks started 
by humans or executing tasks that 
complement and supplement prior 
human work.

Control of a teleoperation system aims 
to provide satisfactory performance 
of the remote task and in some cases 
to provide the operator with sensory 
feedback.

These are essential features in the 
design of a controller for teleoperation 
systems. Therefore, proper system 
and controller design are a requisite, 
especially for complex and critical 
applications. Scientific challenges that 
often exist in the controller design 
stage are modelling complex master/
slave systems, characterizing system 
uncertainties and disturbances, 
dealing with communication delay and 
loss, and satisfying the performance 
requirement of the system for a 
particular task. 

The performance requirement often 
includes accuracy of the slave system 
to follow the commands from the 
master system while it is interacting 
with the remote environment and 
to provide the operator with a 
transparent sensory feedback from the 
remote environment. 

Much ongoing research has been 
conducted within the literature 
regarding these challenges.

Researchers at IISRI has developed 
the world first Haptically-Enabled 
Robotically Controlled Ultrasound 
Experimental System (HERCULES) to 
assist sonographers in such a task. 
The system is tested and evaluated 
by sonographers and specialists in an 
actual clinical trial. 

This technology was initially developed 
to assist the healthcare community 
in the combat against COVID-19. The 
control logic in this system enjoys the 
state-of-the-art algorithms in dealing 
with communication uncertainties and 
perturbations.

Achieved his PhD in Information 
Technology, Dr Parham Kebria has 
also been awarded Alfred Deakin 
Postdoctoral Research Fellowship 
2020 with the Institute for Intelligent 
Systems Research and Innovation 
(IISRI), at Deakin University. Parham’s 
PhD was focused on teleoperation 
systems and challenges due to time-
delays and uncertainties in such 
systems, mainly in medical domains 
and applications. He is now pursuing 
his research in design and development 
of intelligent algorithms, including, 
but not limited to imitation learning 

and deep learning methodologies 
and their applications in machine 
skill acquisition. The aim is to provide 
surgeons and clinicians with such an 
intelligent yet reliable technology that 
can significantly improve the quality 
and assurance of medical services for 
human beings all around the world. His 
research outcomes are all published in 
top-tier and high-quality journals and 
conferences through recent years. 

Additionally, Parham is also 
contributing to several other projects 
mainly in algorithm design, AI/ML/DL 
applications in data science, medical 
diagnoses, and autonomous systems.

  Figure 1 – Critical applications of teleoperation technology in various domains from surgery and 
telehealth, space exploration and surveying, to operations in inaccessible and hazardous environments

Figure 2   
HERCULES being evaluated 
in real-world clinical trials
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Human operators supervising and
directly interacting with space stations

from Earth

Human operators can
execute tasks remotely

Telerobotics in space missions
being controlled from Earth

Telerobotics operating 
in remote environments

Telerobotics in 
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Haptically-enabled telerobotics 
in delicate yet accurate

surgical tasks
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From keeping ahead of sophisticated 
cyber threats, to Australia’s defence 
capability in a post-COVID world, 
some of the most challenging issues 
concerning Australian defence were 
discussed at Deakin University’s third 
Defence and Security Symposium, 
held on December 8.

Attended by over 350 delegates from 
defence, academia, industry and 
security sectors, the virtual symposium 
explored the theme “Sovereign 
capability and threats in a dynamically-
changing world.”

Nineteen thought leaders shared their 
views and discussed policies, strategies, 
and technologies to meet near, 
medium, and long-term challenges 
facing Australia.

Sessions explored strategic and 
operational issues related to 
Government-identified priorities, such 
as industrial complexity and sovereign 
defence research and security 
capabilities in the land, sea, air, space 
and cyber domains.

In her welcome address, Deakin’s 
Deputy Vice-Chancellor Research, 
Alfred Deakin Professor Julie Owens, 

said Deakin was striving for world-
class excellence in both research and 
education, prioritising the global and 
local challenges that matter most to 
Deakin communities.

“We’ve captured this in our new 
University strategy through five 
impact themes, which include ‘Building 
Safer and Secure Communities’ and 
‘Creating Smarter Technologies,’ where 
cyber security will play a major role,” 
Professor Owens said.

“Defence and security research and 
its translation into real innovation 
and solutions has been a hallmark 
of Deakin’s rapidly-growing research 
enterprise over the past decade. 
This will continue and our research 
collaborations with government, 
defence, industry and our colleagues in 
other universities will also continue to 
grow to meet the country’s needs.”

With rapid advances in smart 
technologies, the emerging and 
disruptive cyber-physical threats 
towards the established sovereign 
capabilities stand as one of the critical 
problems to be addressed and were an 
important priority at the conference.

Deakin’s Pro Vice-Chancellor Defence, 
Alfred Deakin Professor Saeid 
Nahavandi, said the need for close 
collaboration between Defence, 
industry and academia was vital to 
Australia’s security, as identified by the 
Defence White Paper (2016), and was 
crucial for fostering game-changing 
innovation and commercialisation 
opportunities.

“The symposium provided 
opportunities to explore ways to 
collaboratively address challenging 
defence and security issues,” 
Professor Nahavandi said.

The opening presentation was 
delivered by Colonel Robin Smith 
OBE, SO1 Robotic and Autonomous 
Systems (RAS), Future Land Warfare 
Branch, Army Headquarters (Australia). 
This address included an overview 
of a research collaboration between 
Deakin and the Army concerning 
the development of leader-follower 
autonomous vehicle technology.

O T H E R  S P E A K E R S 
I N C L U D E D : 
• Brigadier General (retired) 

Gregory Touhill, former Chief 
Information Security Officer 
(CISO) of the Whitehouse (Obama 
Administration); 

• Dr David Kershaw, Chief Science 
Engagement and Impact Division, 
Defence Science & Technology; 

• Dr Andrew Lucas, Founder, Agent 
Orientated Software; 

• Berin Lautenbach, Global Head of 
Information Security, Toll Group; 

• Karl Hanmore, First Assistant 
Director-General Cyber Security 
Services, Australian Cyber 
Security Centre, Australian Signals 
Directorate; 

• Narelle Devine, Chief Information 
Security Officer for Asia Pacific, 
Telstra; 

• Julie Inman Grant, eSafety 
Commissioner, Australian 
Government; 

• Dr Dennis Medlow, Innovation 
and R &D Manager, SAAB Australia.

DEFENCE  
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CO M p L E t I O N S

Kais Ibrahim Abdul-lateef 
Al-Abdullah

Parham Mohsenzadeh 
Kebria

Hussain Mohammed 
Dipu Kabir

Yi Wen Kerk
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TOP L-R:
Professor Saeid Nahavandi 
Director

Professor Doug Creighton 
Deputy Director

MIDDLE L-R:
Professor Chee Peng Lim 
Associate Director Research

Michelle Gait  
General Manager

BOTTOM:
Mr Michael Fawaz 
Manager, Business  
Administration and  
Major Projects

A gLObaL LEaDEr 
IN traNSLatIONaL 

rESEarCh aND 
tEChNOLOgy 

INNOvatION OF 
INtELLIgENt SYStEMS

b O a r D 
M E M b E r S 

E x E C u t I v E 
T E a M
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TOP L-R:
Alfred Deakin Professor Julie Owens 
Deputy Vice-Chancellor Research, Chairperson

Professor Iain Martin 
Vice Chancellor

Alfred Deakin Professor Saeid Nahavandi 
Director, IISRI

MIDDLE L-R:
Professor Doug Creighton 
Deputy Director, IISRI 

Professor Rachel Huxley 
Executive Dean, Faculty of Health

Professor Christine Ure 
Executive Dean, Faculty of Arts and Education

BOTTOM L-R:
Dr Ben Spincer 
Director, Deakin Research Commercial

Professor Peng Shi 
External Independent Director 

Mr Jamie Baensch 
External Independent Director

Members who served on the Board during the financial year but have since retired: 

Major General Michael Fairweather External Independent Director  
Mr Vahid Haydari External Independent Director

2 0 2 0
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IISRI FINANCIAL SUMMARY (Total Funds)
For Period Ended 31 December 2020

2020 Actual 
$

INCOME

Research Income  2,902,397 

Other Income  748,141 

Research Allocation / University Contribution  3,626,573 

Total Income  7,277,111 

EMPLOYMENT

Academic Salaries  4,539,516 

General Salaries  745,261 

Other Employment Costs  1,820 

Total Employment Costs  5,286,596 

NON-SALARY EXPENSES

Building and Grounds Infrastructure Costs  - 

Comms, Marketing and Promotion  1,236 

Consumables  800,994 

Depreciation and Amortisation  748,829 

Equipment - Repairs, Maintenance and Other  154,659 

Other Costs  65,766 

Professional, Legal and Consultants  358 

Staff Recruitment and Other / Library Information Resource Expense  26,353 

Student Expenses  153,200 

Travel, Catering and Entertainment  39,119 

Total Non-Salary Expenses  1,990,514 

Surplus/(Deficit)  - 

H O N O u r S 
a N D  a w a r D S

• Outstanding Research Services Presented to Associate Professor Asim Bhatti

• Outstanding Outreach Services Presented to Associate Professor Samer Hanoun

• Outstanding Technical Management Presented to Dr. Matthew Watson

• Outstanding Administrative Services Presented to Ms. Trish O’Toole

• Outstanding Early Career Researcher Presented to Dr. Houshyar Asadi

• Excellence in Industry Collaboration Presented to the Rollingstock Predictive 
Maintenance team of: 
Professor CP Lim, Professor Doug Creighton, Dr. James Zhang, Dr. Vu Le, 
Dr. Anwar Hosen, Dr. Duy Nguyen

• Excellence in Project Impact Presented to the Electoral Commission Modelling 
and Simulation team of:  
Associate Professor Michael Johnstone, Professor Doug Creighton, 
Dr. Burhan Khan, Dr. Anwar Hosen, Dr. James Zhang, Dr. Vu Le, 
Dr Bruce Gunn, Ms Laura Usma Alvarez, Mr. Jo Cho

• Excellence in Industry Collaboration Presented to the Autonomous Electric 
Pedestrian Assist Device (ePAD) team of: 
Dr. Navid Mohajer, Dr. Parham Mohsenzadeh Kebria, Dr. Ibrahim Hossain, 
Dr. Darius Nahavandi, Associate Professor Abbas Khosravi, 
Dr. Hussain Mohammed Dipu Kabir, Dr. Syed Salaken

• Outstanding Team Leader Presented to Associate Professor Shady Mohamed

• Outstanding Team Player Presented to Dr. Navid Mohajer

• Outstanding Team Player Presented to Dr. Imali Hettiarachchi

• Outstanding Business Relationship Development Presented to Mr. Ben Dunsheath

• Outstanding Management Services Presented to Mr Michael Fawaz

A bIg thaNk 
yOu aND 

CONgratuLatIONS 
tO aLL IISRI StafF 
ON OutStaNDINg 
SErvICE IN 2020

32 33



34 35

P u b L I C at I O N S 

2 0 2 0

1. Abdar, M., Basiri, M. E., Yin, J., Habibnezhad, M., Chi, G., Nemati, S., & Asadi, S. (2020). 
Energy choices in Alaska: Mining people's perception and attitudes from geotagged 
tweets. Renewable Sustainable Energy Reviews, 124, 109781. 

2. Abdar, M., & Yen, N. Y. (2020). Analysis of user preference and expectation on shared 
economy platform: An examination of correlation between points of interest on 
Airbnb. Computers in Human Behavior, 107, 105730. 

3. Alizadehsani, R., Alizadeh Sani, Z., Behjati, M., Roshanzamir, Z., Hussain, S., 
Abedini, N., Roshanzamir, M. (2020). Risk factors prediction, clinical outcomes, 
and mortality in COVID-19 patients. Journal of medical virology 

ABSTRACT - Preventing communicable diseases requires understanding the spread, 
epidemiology, clinical features, progression, and prognosis of the disease. Early 
identification of risk factors and clinical outcomes might help in identifying critically 
ill patients, providing appropriate treatment, and preventing mortality. We conducted 
a prospective study in patients with flu-like symptoms referred to the imaging 
department of a tertiary hospital in Iran between March 3, 2020, and April 8, 2020. 
Patients with COVID-19 were followed up after two months to check their health 
condition. The categorical data between groups were analyzed by Fisher's exact 
test and continuous data by Wilcoxon rank-sum test. Three hundred and nineteen 
patients (mean age 45.48 ± 18.50 years, 177 women) were enrolled. Fever, dyspnea, 
weakness, shivering, C-reactive protein, fatigue, dry cough, anorexia, anosmia, 
ageusia, dizziness, sweating, and age were the most important symptoms of COVID-19 
infection. Traveling in the past 3 months, asthma, taking corticosteroids, liver disease, 
rheumatological disease, cough with sputum, eczema, conjunctivitis, tobacco use, and 
chest pain did not show any relationship with COVID-19. To the best of our knowledge, 
a number of factors associated with mortality due to COVID-19 have been investigated 
for the first time in this study. Our results might be helpful in early prediction and risk 
reduction of mortality in patients infected with COVID-19.

4. Alizadehsani, R., Khosravi, A., Roshanzamir, M., Abdar, M., Sarrafzadegan, N., 
Shafie, D., Panahiazar, M. (2020). Coronary Artery Disease Detection Using Artificial 
Intelligence Techniques: A Survey of Trends, Geographical Differences and Diagnostic 
Features 1991-2020. Computers in Biology Medicine, 104095. 

5. Alizadehsani, R., Roshanzamir, M., Abdar, M., Beykikhoshk, A., Khosravi, A., Nahavandi, 
S., Acharya, U. R. (2020). Hybrid genetic-discretized algorithm to handle data 
uncertainty in diagnosing stenosis of coronary arteries. Expert Systems. 

6. Aryanfar, A., Gholami, A., Pourgholi, M., Shahroozi, S., Zandi, M., & Khosravi, A. (2020). 
Multi-criteria photovoltaic potential assessment using fuzzy logic in decision-making: 
A case study of Iran. Sustainable Energy Technologies Assessments, 42, 100877. 

7. Attia, M., Hossny, M., Zhou, H., Nahavandi, S., Asadi, H., & Yazdabadi, A. (2020). 
Realistic hair simulator for skin lesion images: A novel benchemarking tool. Artificial 
Intelligence in Medicine, 108, 101933. 

8. Basiri, M. E., Abdar, M., Cifci, M. A., Nemati, S., & Acharya, U. R. (2020). A novel 
method for sentiment classification of drug reviews using fusion of deep and machine 
learning techniques. Knowledge-Based Systems, 198, 105949. 

9. Basiri, M. E., Kabiri, A., Abdar, M., Mashwani, W. K., Yen, N. Y., & Hung, J. C. (2020). 
The effect of aggregation methods on sentiment classification in Persian reviews. 
Enterprise Information Systems, 14(9-10), 1394-1421. 

10. Basiri, M. E., Nemati, S., Abdar, M., Cambria, E., & Acharya, U. R. (2020). ABCDM: 
An attention-based bidirectional CNN-RNN deep model for sentiment analysis. 
Future Generation Computer Systems, 115, 279-294. 

11. Chanthorn, P., Rajchakit, G., Kaewmesri, P., Sriraman, R., & Lim, C. P. (2020). A Delay-
dividing approach to robust stability of uncertain stochastic complex-valued Hopfield 
delayed neural networks. Symmetry, 12(5), 683. 

12. Chanthorn, P., Rajchakit, G., Ramalingam, S., Lim, C. P., & Ramachandran, R. (2020). 
Robust dissipativity analysis of hopfield-type complex-valued neural networks with 
time-varying delays and linear fractional uncertainties. Mathematics, 8(4), 595. 

13. Chanthorn, P., Rajchakit, G., Thipcha, J., Emharuethai, C., Sriraman, R., Lim, C. P., 
& Ramachandran, R. (2020). Robust stability of complex-valued stochastic neural 
networks with time-varying delays and parameter uncertainties. Mathematics, 
8(5), 742. 

14. Crameri, L., Hettiarachchi, I., & Hanoun, S. (2020). Feasibility Study of Skin 
Conductance Response for Quantifying Individual Dynamic Resilience. Paper presented 
at the 2020 IEEE International Conference on Systems, Man, and Cybernetics (SMC).

15. Crameri, L., Hettiarachchi, I., & Hanoun, S. (2020). Quantifying Dynamic Resilience 
using First-process Autoregressive Modelling: An Empirical Study. Paper presented 
at the Human Factors and Ergonomics Society Annual Meeting 2020.

16. Dalvand, M. M., Nahavandi, S., & Howe, R. D. (2020). Slack and Excessive Loading 
Avoidance in n-Tendon Continuum Robots. IEEE Access, 8, 138730-138742. 

17. Dianavinnarasi, J., Cao, Y., Raja, R., Rajchakit, G., & Lim, C. (2020). Delay-dependent 
stability criteria of delayed positive systems with uncertain control inputs: Application 
in mosquito-borne morbidities control. Applied Mathematics Computation, 382, 
125210. 

18. Hailemichael, A., Salaken, S. M., Karimoddini, A., Homaifar, A., Abbas, K., & Nahavandi, 
S. (2020). Developing a computationally effective Interval Type-2 TSK Fuzzy Logic 
Controller. Journal of Intelligent Fuzzy Systems, 38(2), 1915-1928. 

19. Hassan, M. U., Veerabhadrappa, R., Zhang, J., & Bhatti, A. (2020). Robust Optimal 
Parameter Estimation (OPE) for Unsupervised Clustering of Spikes Using Neural 
Networks. Paper presented at the 2020 IEEE International Conference on Systems, 
Man, and Cybernetics (SMC).

20. Hayward, J., Morton, S., Johnstone, M., Creighton, D., & Allender, S. (2020). 
Tools and analytic techniques to synthesise community knowledge in CBPR using 
computer-mediated participatory system modelling. NPJ digital medicine, 3(1), 1-6. 

21. Hosen, M. A., Khosravi, A., Kabir, H. M. D., Johnstone, M., Creighton, D., Nahavandi, 
S., & Shi, P. (2020). NN-based Prediction Interval for Nonlinear Processes Controller. 
International Journal of Control, Automation, and Systems. 

22. Hossny, K., Hossny, A. H., Magdi, S., Soliman, A. Y., & Hossny, M. (2020). Detecting 
shielded explosives by coupling prompt gamma neutron activation analysis and 
deep neural networks. Scientific reports, 10(1), 1-8. 

23. Hossny, M., & Iskander, J. (2020). Just don’t fall: An ai agent’s learning journey towards 
posture stabilisation. AI, 1(2), 286-298. 

24. Jalali, S. M. J., Ahmadian, S., Khosravi, A., Mirjalili, S., Mahmoudi, M. R., & Nahavandi, 
S. (2020). Neuroevolution-based autonomous robot navigation: a comparative study. 
Cognitive Systems Research, 62, 35-43. 

25. Jayaweera, H. M., & Hanoun, S. (2020). A Dynamic Artificial Potential Field (D-APF) 
UAV Path Planning Technique for Following Ground Moving Targets. IEEE Access, 
8, 192760-192776. 

26. Kabir, H. D., Khosravi, A., Kavousi-Fard, A., Nahavandi, S., & Srinivasan, D. (2020). 
Optimal uncertainty-guided neural network training. Applied Soft Computing, 99, 
106878. 

27. Kabir, H. D., Khosravi, A., Nahavandi, D., & Nahavandi, S. (2020). Uncertainty 
quantification neural network from similarity and sensitivity. Paper presented 
at the 2020 International Joint Conference on Neural Networks (IJCNN).

28. Kabir, H. D., Khosravi, A., Nahavandi, S., & Srinivasan, D. (2020). Neural Network 
Training for Uncertainty Quantification Over Time-Range. IEEE Transactions on 
Emerging Topics in Computational Intelligence. 

29. Kaur, A., Singh, P., Singh Batth, R., & Peng Lim, C. (2020). Deep-Q learning-based 
heterogeneous earliest finish time scheduling algorithm for scientific workflows 
in cloud. Software: Practice Experience. 

30. Kaynak, A., Zolfagharian, A., & Nahavandi, S. (2020). Finite Element Methods 
in Smart Materials and Polymers. Polymers. 

31. Kebria, P. M., Khosravi, A., Hossain, I., Mohajer, N., Kabir, H. D., Jalali, S. M. J., 
Lagrandcourt, A. (2020). Autonomous Navigation via Deep Imitation and Transfer 
Learning: A Comparative Study. Paper presented at the 2020 IEEE International 
Conference on Systems, Man, and Cybernetics (SMC).

32. Kebria, P. M., Khosravi, A., & Nahavandi, S. (2020). Neural Network Control of 
Teleoperation Systems with Delay and Uncertainties based on Multilayer Perceptron 
Estimations. Paper presented at the 2020 International Joint Conference on Neural 
Networks (IJCNN).

33. Kebria, P. M., Nahavandi, D., Jalali, S. M. J., Khosravi, A., Nahavandi, S., Bello, F., 
& Mc Ginn, C. (2020). Robust Collaboration of a Haptically-Enabled Double-Slave 
Teleoperation System under Random Communication Delays. Paper presented 
at the 2020 IEEE International Conference on Systems, Man, and Cybernetics (SMC).

34. Kebria, P. M., Nahavandi, D., Khosravi, A., Nahavandi, S., & Bello, F. (2020). 
Adaptive Neural Network-based Perception and Awareness of Teleoperation Systems 
in Human-Machine Interactions. Paper presented at the 2020 IEEE International 
Conference on Human-Machine Systems (ICHMS).

35. Kerk, Y. W., Teh, C. Y., Tay, K. M., & Lim, C. P. (2020). Parametric conditions for a 
Monotone TSK Fuzzy Inference System to be an $ n $-ary Aggregation Function. 
IEEE Transactions on Fuzzy Systems. 

36. Khatami, A., Nazari, A., Beheshti, A., Nguyen, T. T., Nahavandi, S., & Zieba, J. (2020). 
Convolutional neural network for medical image classification using wavelet features. 
Paper presented at the 2020 International Joint Conference on Neural Networks 
(IJCNN).

37. Khatami, A., Nazari, A., Khosravi, A., Lim, C. P., & Nahavandi, S. (2020). A weight 
perturbation-based regularisation technique for convolutional neural networks and 
the application in medical imaging. Expert Systems with Applications, 149, 113196. 
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58. Pławiak, P., Abdar, M., Pławiak, J., Makarenkov, V., & Acharya, U. R. (2020). DGHNL: 
A new deep genetic hierarchical network of learners for prediction of credit scoring. 
Information Sciences, 516, 401-418. 

59. Qazani, M. R. C., Asadi, H., Bellmann, T., Mohamed, S., Lim, C. P., & Nahavandi, 
S. (2020). Adaptive Washout Filter Based on Fuzzy Logic for a Motion Simulation 
Platform With Consideration of Joints’ Limitations. IEEE Transactions on Vehicular 
Technology, 69(11), 12547-12558. 

60. Qazani, M. R. C., Asadi, H., Bellmann, T., Perdrammehr, S., Mohamed, S., & Nahavandi, 
S. (2020). A New Fuzzy Logic Based Adaptive Motion Cueing Algorithm Using Parallel 
Simulation-Based Motion Platform. Paper presented at the 2020 IEEE International 
Conference on Fuzzy Systems (FUZZ-IEEE).

61. Qazani, M. R. C., Asadi, H., Mohamed, S., & Nahavandi, S. (2020). Prepositioning of a 
land vehicle simulation-based motion platform using fuzzy logic and neural network. 
IEEE Transactions on Vehicular Technology, 69(10), 10446-10456. 

62. Qazani, M. R. C., Asadi, H., & Nahavandi, S. (2020). A Motion Cueing Algorithm Based 
on Model Predictive Control Using Terminal Conditions in Urban Driving Scenario. IEEE 
Systems Journal. 

63. Qazani, M. R. C., Jalali, S. M. J., Asadi, H., & Nahavandi, S. (2020). Optimising Control 
and Prediction Horizons of a Model Predictive Control-Based Motion Cueing Algorithm 
Using Butterfly Optimization Algorithm. Paper presented at the 2020 IEEE Congress on 
Evolutionary Computation (CEC).

64. Rajchakit, G., Chanthorn, P., Kaewmesri, P., Sriraman, R., & Lim, C. P. (2020). Global 
Mittag–Leffler stability and stabilization analysis of fractional-order quaternion-valued 
memristive neural networks. Mathematics, 8(3), 422. 

65. Rajchakit, G., Kaewmesri, P., Chanthorn, P., Sriraman, R., Samidurai, R., & Lim, C. P. J. 
M. (2020). Stochastic memristive quaternion-valued neural networks with time delays: 
an analysis on mean square exponential input-to-state stability. Mathematics, 
8(5), 815. 

66. Rokonuzzaman, M., Mohajer, N., Nahavandi, S., & Mohamed, S. (2020). Learning-
based Model Predictive Control for Path Tracking Control of Autonomous Vehicle. 
Paper presented at the 2020 IEEE International Conference on Systems, Man, and 
Cybernetics (SMC).

67. Salaken, S. M., Hettiarachchi, I., Crameri, L., Hanoun, S., Nahavandi, S., & Nguyen, 
T. T. (2020). Evaluation of classification techniques for identifying cognitive load levels 
using EEG signals. Paper presented at the SYSCON2020: Proceedings of the 14th 
Annual IEEE International Systems Conference.

68. Samami, M., Akbari, E., Abdar, M., Plawiak, P., Nematzadeh, H., Basiri, M. E.,  
Applications, i. (2020). A mixed solution-based high agreement filtering method 
for class noise detection in binary classification. Physica A: Statistical Mechanics 
its Applications.

69. Samson, S. Y., Fan, X., Chau, T. K., Trinh, H., & Nahavandi, S. (2020). Square-Root 
Sigma-Point Filtering Approach to State Estimation for Wind Turbine Generators 
in Interconnected Energy Systems. IEEE Systems Journal. 

70. Sani, Z. A., Etemad, T., Behjati, M., Khajali, Z., Alizadehsani, R., Khosravi, A., Islam, 
S. M. S. J. R. i. C. M. (2020). Focal right ventricular apical hypertrophy or apical 
muscular ventricular septal defect. Research in Cardiovascular and medicine 9(3), 75. 

71. Shamsi Jokandan, A., Asgharnezhad, H., Shamsi Jokandan, S., Khosravi, A., Kebria, 
P. M., & Srinivasan, D. (2020). An Uncertainty-aware Transfer Learning-based 
Framework for Covid-19 Diagnosis. IEEE Trans on Neural Networks and Learning 
Systems. doi:10.1109/TNNLS.2021.3054306

 ABSTRACT - The early and reliable detection of COVID-19 infected patients is 
essential to prevent and limit its outbreak. The PCR tests for COVID-19 detection are 
not available in many countries, and also, there are genuine concerns about their 
reliability and performance. Motivated by these shortcomings, this article proposes 
a deep uncertainty-aware transfer learning framework for COVID-19 detection using 
medical images. Four popular convolutional neural networks (CNNs), including VGG16, 
ResNet50, DenseNet121, and InceptionResNetV2, are first applied to extract deep 
features from chest X-ray and computed tomography (CT) images. Extracted features 
are then processed by different machine learning and statistical modeling techniques 
to identify COVID-19 cases. We also calculate and report the epistemic uncertainty of 
classification results to identify regions where the trained models are not confident 
about their decisions (out of distribution problem). Comprehensive simulation results 
for X-ray and CT image data sets indicate that linear support vector machine and 
neural network models achieve the best results as measured by accuracy, sensitivity, 
specificity, and area under the receiver operating characteristic (ROC) curve (AUC). 
Also, it is found that predictive uncertainty estimates are much higher for CT images 
compared to X-ray images.

72. Shoeibi, A., Ghassemi, N., Alizadehsani, R., Rouhani, M., Hosseini-Nejad, H., Khosravi, 
A., Nahavandi, S. (2020). A comprehensive comparison of handcrafted features and 
convolutional autoencoders for epileptic seizures detection in EEG signals. Expert 
Systems with Applications, 163, 113788. 

73. Shoushtarian, M., Alizadehsani, R., Khosravi, A., Acevedo, N., McKay, C. M., Nahavandi, 
S., & Fallon, J. B. (2020). Objective measurement of tinnitus using functional near-
infrared spectroscopy and machine learning. Plos one, 15(11), e0241695. 

38. Khezri, V., Yasari, E., Panahi, M., & Khosravi, A. (2020). Hybrid Artificial Neural Network–
Genetic Algorithm-Based Technique to Optimize a Steady-State Gas-to-Liquids Plant. 
Industrial & Engineering Chemistry Research, 59(18), 8674-8687. 

39. Lander, N., Nahavandi, D., Mohamed, S., Essiet, I., & Barnett, L. M. (2020). Bringing 
objectivity to motor skill assessment in children. Journal of sports sciences, 38(13), 
1539-1549. 

40. McCormick, J., Hossny, M., Fielding, M., Mullins, J., Vincent, J. B., Hossny, M., Creighton, 
D. (2020). Feels Like Dancing: Motion Capture-Driven Haptic Interface as an Added 
Sensory Experience for Dance Viewing. Leonardo, 53(1), 45-49. 

41. Mohajer, N., Nahavandi, S., Abdi, H., & Najdovski, Z. (2020). Enhancing Passenger 
Comfort in Autonomous Vehicles Through Vehicle Handling Analysis and Optimization. 
IEEE Intelligent Transportation Systems Magazine. 

42. Mohajer, N., Najdovski, Z., & Nahavandi, S. (2020). An Efficient Design Solution for a 
Low-Cost High-G Centrifuge System. IEEE/ASME Transactions on Mechatronics, 26(1), 
134-145. 

43. Mohajer, N., Rokonuzzaman, M., Nahavandi, D., Salaken, S. M., Najdovski, Z., & 
Nahavandi, S. (2020). Effects of road path profiles on autonomous vehicles’ handling 
behaviour. Paper presented at the 2020 IEEE International Systems Conference 
(SysCon).

44. Mondal, S. K., Pei, Y., Dai, H. N., Kabir, H. D., & Sahoo, J. P. (2020). Boosting UI Rendering 
in Android Applications. Paper presented at the 2020 IEEE 20th International 
Conference on Software Quality, Reliability and Security Companion (QRS-C).

45. Mousavirad, S. J., Jalali, S. M. J., Ahmadian, S., Khosravi, A., Schaefer, G., & Nahavandi, 
S. (2020). Neural Network Training Using a Biogeography-Based Learning Strategy. 
Paper presented at the International Conference on Neural Information Processing.

46. Nahavandi, S. (2020). A Cluster of Thoughts. IEEE Systems, Man, and Cybernetics 
Magazine 6.

47. Nahavandi, S. (2020). The Power of the Brain. IEEE SYSTEMS MAN AND CYBERNETICS 
MAGAZINE, 6, 3-3.

48. Najdovski, Z., Deshpande, S., Wei, L., Salaken, S. M., Mohajer, N., Nahavandi, S., & Bello, 
F. (2020). Investigating the effectiveness of a cable-driven pinch-grasp haptic interface. 
Paper presented at the IEEE International Systems Conference 2020 (SYSCON2020) 

49. Nasarian, E., Abdar, M., Fahami, M. A., Alizadehsani, R., Hussain, S., Basiri, M. E.,  
Acharya, U. R. (2020). Association between work-related features and coronary artery 
disease: a heterogeneous hybrid feature selection integrated with balancing approach. 
Pattern Recognition Letters, 133, 33-40. 

50. Nasirzadeh, F., Kabir, H. D., Akbari, M., Khosravi, A., Nahavandi, S., & Carmichael, 
D. G. (2020). ANN-based prediction intervals to forecast labour productivity. 
Engineering, Construction Architectural Management. 

51. Nasirzadeh, F., Mir, M., Hussain, S., Tayarani Darbandy, M., Khosravi, A., Nahavandi, 
S., & Aisbett, B. (2020). Physical Fatigue Detection Using Entropy Analysis of Heart 
Rate Signals. Sustainability, 12(7), 2714. 

52. Nasirzadeh, F., Rostamnezhad, M., Carmichael, D. G., Khosravi, A., & Aisbett, B. (2020). 
Labour productivity in Australian building construction projects: a roadmap for 
improvement. International Journal of Construction Management, 1-10. 

53. Nguyen, T. T., Nguyen, N. D., & Nahavandi, S. (2020). Deep reinforcement learning 
for multiagent systems: A review of challenges, solutions, and applications. IEEE 
transactions on cybernetics, 50(9), 3826-3839. 

54. Nguyen, T. T., Nguyen, N. D., Vamplew, P., Nahavandi, S., Dazeley, R., & Lim, C. P. 
(2020). A multi-objective deep reinforcement learning framework. Engineering 
Applications of Artificial Intelligence, 96, 103915. 

55. Thanh Thi Nguyen, Pubudu N. Pathirana, Thin Nguyen, Quoc Viet Hung Nguyen, 
Asim Bhatti, Dinh C. Nguyen, Dung Tien Nguyen, Ngoc Duy Nguyen, 
Douglas Creighton & Mohamed Abdelrazek (2020). Genomic mutations and 
changes in protein secondary structure and solvent accessibility of SARS-CoV-2 
(COVID-19 virus). bioRxiv. 

 ABSTRACT - Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly 
pathogenic virus that has caused the global COVID-19 pandemic. Tracing the evolution 
and transmission of the virus is crucial to respond to and control the pandemic 
through appropriate intervention strategies. This paper reports and analyses genomic 
mutations in the coding regions of SARS-CoV-2 and their probable protein secondary 
structure and solvent accessibility changes, which are predicted using deep learning 
models. Prediction results suggest that mutation D614G in the virus spike protein, 
which has attracted much attention from researchers, is unlikely to make changes in 
protein secondary structure and relative solvent accessibility. Based on 6,324 viral 
genome sequences, we create a spreadsheet dataset of point mutations that can 
facilitate the investigation of SARS-CoV-2 in many perspectives, especially in tracing 
the evolution and worldwide spread of the virus. Our analysis results also show that 
coding genes E, M, ORF6, ORF7a, ORF7b and ORF10 are most stable, potentially 
suitable to be targeted for vaccine and drug development.

56. Pang, L. M., Tay, K. M., Lim, C. P., & Ishibuchi, H. (2020). A New Monotone Fuzzy 
Rule Relabeling Framework With Application to Failure Mode and Effect Analysis 
Methodology. IEEE Access, 8, 144908-144930. 

57. Peng, T., Xu, T. C., Wang, Y., Zhou, H., Candemir, S., Zaki, W. M. D. W., Chen, X. (2020). 
Hybrid Automatic Lung Segmentation on Chest CT Scans. IEEE Access, 8, 73293-73306. 
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74. `Singh, P., Gupta, S., Behera, L., Verma, N. K., & Nahavandi, S. (2020). Perching of 
Nano-Quadrotor Using Self-Trigger Finite-Time Second-Order Continuous Control. 
IEEE Systems Journal. 

75. Sriraman, R., Rajchakit, G., Lim, C. P., Chanthorn, P., & Samidurai, R. (2020). 
Discrete-time stochastic quaternion-valued neural networks with time delays: 
an asymptotic stability analysis. Symmetry, 12(6), 936. 

76. Stoean, C., Stoean, R., Atencia, M., Abdar, M., Velázquez-Pérez, L., Khosravi, A., Joya, 
G. (2020). Automated detection of presymptomatic conditions in spinocerebellar 
ataxia type 2 using monte carlo dropout and deep neural network techniques with 
electrooculogram signals. Sensors, 20(11), 3032. 

77. Tabarisaadi, P., Khosravi, A., & Nahavandi, S. (2020). Bayesian Randomly Wired Neural 
Network with Variational Inference for Image Recognition. Paper presented at the 
International Conference on Neural Information Processing.

78. Tabarisaadi, P., Khosravi, A., & Nahavandi, S. (2020). A Deep Bayesian Ensembling 
Framework for COVID-19 Detection using Chest CT Images. Paper presented at the 
2020 IEEE International Conference on Systems, Man, and Cybernetics (SMC).

 ABSTRACT - The chest computed tomography (CT) images have been used for 
COVID-19 detection. Automating the process of analyzing can save great amount of 
time and energy. In this paper a deep bayesian ensembling framework is proposed for 
automatic detection of COVID-19 cases using the chest CT scans. Data augmentation 
is applied to increase the size and quality of training data available. Transfer learning 
is utilized to extract informative features. The extracted features are used to train the 
three different bayesian classifiers. The uncertainty of the neural network predictions 
is estimated by anchored, unconstrained and regularized bayesian ensembling 
methods. The reliability of predictions is then delineated. The epistemic and aleatoric 
uncertainties are estimated and different bayesian classifiers are compared from 
different perspectives. We use a small dataset containing only 275 CT images of 
positive COVID-19 cases. The results sounds promising and they can be improved 
in the future, as the performance of deep neural networks is reliant to big datasets. 
Prediction accuracy and predictive uncertainty estimates for unseen chest CT images 
indicate that the deep bayesian ensembling is a promising framework for COVID-19 
detection.

79. Tuncer, T., Dogan, S., Abdar, M., Pławiak, P., & Applications. (2020). A novel facial image 
recognition method based on perceptual hash using quintet triple binary pattern. 
Multimedia Tools, 79(39), 29573-29593. 

80. Veerabhadrappa, R., Ul Hassan, M., Zhang, J., & Bhatti, A. (2020). Compatibility 
evaluation of clustering algorithms for contemporary extracellular neural spike sorting. 
Frontiers in systems neuroscience, 14, 34. 

81. Xie, H., Zhang, L., & Lim, C. P. (2020). Evolving CNN-LSTM Models for Time Series 
Prediction Using Enhanced Grey Wolf Optimizer. IEEE Access, 8, 161519-161541. 

82. Zhang, L., & Lim, C. P. (2020). Intelligent optic disc segmentation using improved 
particle swarm optimization and evolving ensemble models. Applied Soft Computing, 
92, 106328. 

83. Zheng, S., Shi, P., Agarwal, R. K., & Lim, C. P. (2020). Periodic event-triggered output 
regulation for linear multi-agent systems. Automatica, 122, 109223. 

84. Zolfagharian, A., Denk, M., Kouzani, A. Z., Bodaghi, M., Nahavandi, S., & Kaynak, 
A. (2020). Effects of Topology Optimization in Multimaterial 3D Bioprinting of Soft 
Actuators. International Journal of Bioprinting, 6(2). 

85. Zolfagharian, A., Kaynak, A., Bodaghi, M., Kouzani, A. Z., Gharaie, S., & Nahavandi, 
S. (2020). Control-based 4D printing: Adaptive 4D-printed systems. Applied Sciences, 
10(9), 3020.
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