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ARTIFICIAL
INTELLIGENCE
QUICK FACTS

Digital technologies, including Al, are potentially worth
AUS315 billion to the Australian economy by 2028 [18]
and Al could be worth AU$22.17 trillion to the global
economy by 2030 [11].

Australian industry needs up to 161,000 new specialist
Al workers by 2030 in machine learning, computer
vision, natural language processing and other

Al technologies.
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The Australian information, communications and
technology (ICT) sector employs 663,100 workers in
fields related to Al. This will grow to 758,700 workers
by 2023 at a rate of 20,000 additional workers per year
[3]. Today 66,000 ICT workers live in remote and
regional areas [38].
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An Al system for detecting skin cancer (which could
become a smartphone app) performed “on par”
with 21 certified dermatologists [17]. In Australia
13,280 new cases of melanoma were diagnosed in
2016 and 1,770 people died from the disease [16].
Earlier diagnosis enabled by Al will save lives.



An on-farm agricultural robot Agbot Il developed

by the Queensland University of Technology could
save Australia’s farm sector AUS$1.3 billion per year by
automating weed removal and improving agricultural
productivity [14].

In 2018 there were 1,465 start-ups in Australia, 21%
of which consider Al relevant to their products or
services [47]. This increased 6% from 2017 [48].
Through this study we surveyed 72 Al start-up
companies of which 84% report to be adapting

or developing novel algorithms rather than simply
using Al toolboxes.

Al could help reduce the 1,137 deaths/year [81]

and 57,000 injuries/year [82] on Australian roads.
Autonomous emergency braking combined with
forward warning collision systems decreased front-to-
rear injury accidents on US highways by 56% [87].
When combined with lane departure correction
these semi-automated technologies could prevent or
reduce the severity of 1.3 million car crashes on US
roads each year [86].

Mining operations in the Pilbara region of Western
Australia are amongst the world’s most automated.
Fortescue operates 112 driverless trucks with a

30% productivity gain. BHP has 50 autonomous
trucks at its Jimblebar site and 20 autonomous

drills state-wide [131]. Launched in 2008 Rio Tinto’s
mine-of-the-future [132] has 140 automated trucks,
over 11 automated drills, and 60% of train kilometres
are in autonomous mode.

Al is being used to help maintain Sydney Harbour
Bridge. Data61 placed 2400 sensors on the bridge
which monitor 800 steel and concrete supports
under the roadway. Data generated by these sensors
is analysed using machine-learning and predictive
analytics to identify priority locations for proactive
maintenance. This keeps costs down and minimises
traffic disruptions.

Drones are already being used to perform rescues and
spot sharks in the Australian surf. On 18 January 2018
two teenage boys in the surf 700m from land (in a 3m
swell) near Lennox Head, NSW were rescued by an
airborne drone which dropped an inflatable floatation
device to them. Rescue drones can be equipped with
Al systems which can automatically detect and help
people in need. Machine learning and computer vision
systems are being developed that will automatically
identify rip currents so beachgoers can be warned.
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FOREWORD

Artificial Intelligence (Al) is one of those technologies, like advances in
gene editing or quantum computing, which has the power to change
life itself. It has the potential to transform economies, unlock new
societal and environmental value and accelerate scientific discovery.
With Al estimated to generate $13 trillion in economic activity globally
by 2030, the global race to lead in Al is well and truly underway.

In April 2019, Australia’s national science agency CSIRO and
the Department of Industry Innovation and Science (DIIS)
co-developed a discussion paper for an Al ethics framework to
respond to issues associated with Al, ensuring we use ethical
and inclusive values to manage the deep influence it will have
on the way we live, work and play.

In conjunction with the discussion paper, we have worked with
DIIS to develop this report which lays the path for how Al can
boost the productivity of Australian industry, creating jobs and
economic growth and improving the quality of life for current
and future generations.

This report leverages CSIRO’s expertise, working in deep
collaboration with our network of digital specialists, and
incorporating feedback gathered through national consultation
with government, academic and industry stakeholders.

If Australia can focus its Al activities on areas of great need that
matter to all Australians, like drought and food production,
areas where we already have world-leading expertise, then we
can achieve the greatest impact. Through this roadmap, we
highlight opportunities for Al to solve big problems that build
off our strengths, with a view to exporting solutions to the
world in three areas: healthy ageing; cities and infrastructure;
and natural resources and environment.

Al is already a well-established technology, with applications
across many industries starting to take shape. However, the
success of our industries of the future will be determined by
whether Al is simply used to cut costs, or whether we take
full advantage of this powerful technology to grow new
opportunities and create new value. We believe this value is
created when Al is partnered with humans who have deep
domain expertise in Australia’s key industries. This allows

us to channel the power of this technology to multiply our
human ability.

We have already taken the first steps towards determining our
future with Al, but more people, more industries, and more
communities must join the conversation.

This report, Artificial Intelligence: Solving problems, growing
the economy and improving our quality of life, provides the
guidance and possible pathways forward to ensure our nation
captures the full potential of Al'in our uniquely Australian
context, to create a better future for all of us.

Dr Larry Marshall

Chief Executive Officer
Commonwealth Scientific and Industrial Research Organisation
(CSIRO)



EXECUTIVE
SUMMARY

¢ Artificial intelligence (Al) may be defined as a collection
of interrelated technologies used to solve problems
autonomously and perform tasks to achieve defined
objectives, in some cases without explicit guidance from
a human being. Subfields of Al include machine learning,
computer vision, human language technologies, robotics,
knowledge representation and other scientific fields.
The power of Al comes from a convergence of technologies.

e Alis a general purpose technology that can be used to
increase the efficiency, safety and quality of production
processes in almost every industry. Al is already being used
to solve challenging problems in health, welfare, safety,
environment, energy, infrastructure, transport, education
and other sectors.

¢ Globalinvestment into Al continues to grow. In the past few

years alone, 14 of the world’s most advanced economies
have announced over $86 billion in focused Al programs
and activities. This has mostly been in the form of public
sector investment but does include some private sector
funds. These investments are improving the capabilities
and competitiveness of governments, companies and
workers in the global community and world economy.

e Australia has established world-leading capabilities in
a number of core Al-related fields housed within our
universities, research organisations and companies. Al
is also already being widely applied and developed by
Australian governments, companies and start-ups. There are
untapped opportunities for Australia to develop, coordinate,
consolidate and concentrate our deep, but distributed, Al
capabilities on matters of national significance. We can also
create new job-generating Al industries.

In the past few years alone, 14 of

the world’s most advanced economies
have announced over AU$86 billion

in focused Al programs and activities.

e To maximise the future benefits and build the right
foundations for adoption, adaptation and development
of Al technologies, government, industry and community
should consider taking action in the following areas:

— Develop an Al specialist technical workforce to meet the
operational needs of industry. We estimate that between
32,000 - 161,000 Al specialist workers will be needed
by 2030;

— Help workers whose jobs are likely to be positively or
negatively impacted by Al and related digital technologies
make early and strategic career transitions;

2 Artificial Intelligence

— Ensure effective data governance and access as Al is
typically data hungry and machine learning algorithms
need “training data” to be developed and tested;

— Build trust in Al by ensuring high standards and
transparency for all applications developed and applied
in Australia because without trust people are unlikely to
adopt Al technologies;

— Increase the activity within the science, research and
technology development pipeline to ensure advanced Al
capabilities for government and industry in the future;

— Improve digital infrastructure (for data transmission,
storage, analysis and acquisition) and cybersecurity so
that Al can be safely and effectively used across Australian
cities and regions; and

— Develop appropriate systems and standards to ensure safe,
quality-assured, interoperable and ethical Al is developed
and applied within Australia.

* Governments worldwide are taking strategic steps to
achieve improved Al capability for their nations. This report
identifies three high level strategies for achieving a desired
Al future for Australia:

— Technological specialisation: This involves choosing and
developing targeted areas of specialised Al capability to
gain comparative advantage in the global marketplace.

— Mission directed research: This involves identifying clear
goals and targets for research which are associated with
solutions to major problems of national significance.

— Business and knowledge ecosystems: This approach
to organisational design aims to identify and leverage
networks of expertise and resources which lie across
jurisdictional boundaries.

Al development is already well underway
across Australian companies, governments
and community organisations.

e We identified three high potential areas of Al specialisation
(Figure 1) for Australia based on (a) existing capabilities
and areas where we have comparative advantage;

(b) opportunities to solve big problems in Australia and;
(c) opportunities to export our solutions worldwide.
The proposed areas of specialisation include:

1. Health, ageing and disability. This involves the use of
Al to improve human health (either via prevention or
treatment), achieve healthy ageing and support people
living with disability. Solutions relating to this proposed
Al specialisation are of high value considering rising or



Artificial Intelligence Specialisations

Solving significant problems at home, exporting the solutions to the world and building-off our strengths.

Natural Resources and Environment
Develops Al for enhanced natural
resource management to reduce the
costs and improve the productivity of
agriculture, mining, fisheries, forestry
and environmental management.

Health, Ageing and Disability
Develops Al for health, ageing and
disability support to reduce costs,

improve wellbeing and make quality
care accessible for all Australians.

d ﬁ
Cities, Towns and Infrastructure
Develops Al for better towns, cities
and infrastructure to improve the

safety, efficiency, cost-effectiveness and
quality of the built environment.

Figure 1. High potential areas of artificial intelligence specialisation for Australia.

high rates of chronic illness, ageing populations and
unsustainable growth healthcare expenditure. Disability
support enabled by Al will benefit the 4.3 million
Australians who live with disability, as estimated by the
Australian Bureau Statistics. Al can be transformative for
disabled people by improving their life opportunities
and helping them get good jobs. Australia already has
world-leading capabilities in Al for health, ageing and
disability support. These issues are shared by countries
worldwide and we can export our solutions into the
global marketplace.

. Cities, towns and infrastructure. This involves the use

of Al to decrease the costs and improve effectiveness

of built infrastructure planning, design, construction,
operation and maintenance. There are significant
shortcomings in built infrastructure which is already
impacting the operation of our towns and cities.
Automation and sensory systems can improve our
infrastructure. We have world-leading capabilities within
this area and we can export the solutions to a rapidly
urbanising world.

. Natural resources and environment. Australia is already
a world leader in agricultural robotics and the use of
advanced data science and machine learning on farms.
We also lead the way in mine site automation and
environmental monitoring/management applications of

Al. We can develop these technologies into industries
which export to a world hungry for more food, fibre,
minerals and a cleaner environment.

Whilst specialisation is important, we note that many

of the beneficial outcomes Australia could achieve
through the development and adoption of Al will emerge
serendipitously. These areas of specialisation should not
limit, and where possible should support, the organic
development of core Al research and capability within
diverse segments of Australia’s innovation ecosystem.

Al development is already well underway across Australian
companies, governments and community organisations.
Many organisations and individuals are making their own
Al plans and strategies for the future. In this document

we have identified a high-level pathway for Australia’s

Al development starting with experimentation which
eventually leads to entirely new industries (Figure 2).

This document is intended to help guide future investment
in Al and start a national dialogue on some of the ways
these technologies might drive new economic and societal
outcomes for Australia. It has been prepared by CSIRO’s
Data61to inform the Australian Government’s consideration
of potential directions to support greater awareness,
exploration and uptake of Al across our industries

and communities.



Skills and
capability development

An entirely new workforce with
skills in machine learning, data
science, robotics and computer
vision starts to emerge as people
upskill. Organisations acquire
the assets and capabilities they
need to operate in an Al future.
Advanced Al R&D builds a
pipeline of future opportunity.

Experimentation and
strategy development

Companies (large and small)
and governments (at all levels)
design and experiment with

prototype Al systems.

Productivity and
quality-of-life gains

Powerful Al capabilities are
unleashed into business
processes and government
services with major productivity
gains being realised which
boost productivity and improve
people’s quality of life. Rates of
economic growth and wealth
generation are boosted.

and a new workforce

Existing industries are

New industries, new growth

They learn what works and
develop strategies to build, adapt
or buy Al tools to achieve their
objectives. We work out our
niche in the global Al landscape.

Figure 2. Australia’s Artificial Intelligence Journey -
Stages on the road to the 2030

4 Artificial Intelligence

transformed with new ways

of doing business and new
products and service offerings.
Australia exports Al technology
to the world in areas of
specialised capability. Millions
of workers get new and better
jobs in the Al economy.
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INTRODUCTION

Artificial intelligence (Al) is a general purpose technology
with the potential to be applied across almost every industry

within the Australian and global economy.

Al has parallels to the invention of electricity in the 19th
Century. As a general purpose technology, electricity
transformed Australia and the world economy during the latter
stages of the industrial revolution. It enabled and reshaped
every industry whilst building an entirely new industry itself.
Hundreds of thousands of Australians entered good jobs and
careers building our electricity network and servicing the
industries it created.

No one country will drive or decide how the forthcoming

Al transformation happens — it will be a global effort.
Technological innovation is set to continue at pace. The
guestion is how we can best position our nation to adapt and
capitalise on these changes for the benefit of all Australians.
Many countries have already proactively moved to embrace Al,
making sizeable commitments to investment in advancing their
nation’s technological capabilities and readiness to adopt these
technologies, for the future. Australia is charting its pathway.

It is already anticipated that Al may offer the key to helping us
solve some of humanity’s greatest challenges such as climate
change, antibiotic resistant bacteria, road accidents, cancer
and food, water and energy insecurity. We are already building
machines that can learn and can problem-solve without
explicit guidance from a human operator. This can take us

into new spaces. Al also represents a potential solution to the
productivity slump which is constraining economic growth and
wealth generation in advanced economies, including Australia.

The Al revolution won’t be identical, but will have parallels,
to previous industrial revolutions, such as the arrival of
electricity. Al will continue to collide with other technologies
and elevate our human knowledge and human capability to
new levels. This report seeks to explore just what Al might
mean in Australia’s future and how we can build on our
current research and industry foundations to best harness
the benefits of Al and deliver improved quality of life for
current and future Australians.

Al will continue to collide with other
technologies and elevate our human
knowledge and human capability

to new levels.




N E TR
YDITAAT
M0, |
_A301
303 |
L ATAG =
| MOITAVITQ!

[
L

1 gl

pdo-E2-Eed

™ T IE ||

Ar_iﬁcia..llntellige.'nce" e




¢ HOW MIGHT Al
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RALIANS?

A new unfamiliar technology like Al can sound daunting
and distant to the needs of everyday Australians. But it’s
already being used to help us on a regular basis and these
uses will become more prominent and impactful over the
coming decade as the technology continues to evolve.

In this section we explore some of the very real ways
current Al technologies and those coming in the next
decade are expected to help Australians.




Helping people living with a disability,
such as impaired vision

Over 575,000 Australians are currently living with vision
impairment [12], including conditions such as retinitis
pigmentosa — a genetic disorder associated with gradual loss
of vision and, although uncommon, complete blindness. Al is
already driving advances in the diagnosis of such conditions
and also the development of new technologies to restore

or improve our sight. An example is the development of the
bionic eye — an Australian technology which can restore the
sense of vision to people with retinitis pigmentosa and other
sight related conditions. The bionic eye comprises a camera
(attached to glasses), a vision processing unit and an electrode
array surgically implanted behind the retina. The technology
converts visual images into electrical signals which lets

a person experience improved vision —and see things.
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Helping senior citizens live independently
at home longer

More than 3.8 million Australians are over the age of 80 years
[13] and many are having to consider the possibility of needing
to leave the family home and move into a care facility. Al is
already helping to support ageing Australians to stay in their
homes longer. Sensory systems using computer vision installed
in homes can monitor movement and behaviours to detect if
something is wrong (e.g. a fall or sustained lack of movement)
and automatically call for assistance. Robotic devices can

help lift and move heavy objects. Smart devices enabled with
human language technologies receive and deliver reminders
about important tasks and events. A medication dispensing
device can help ensure the right medications are taken,

at the right times and in the right dosages. Home health
monitoring equipment can save ageing Australians from
having to make trips to the doctor or hospital for check-ups.
And lastly, whilst it can’t ever replace a human, a companion
robot can provide comfort and company to loved ones with
conversational capability.



Helping farmers keep their properties
weed free

Weeds reduce crop, pasture and livestock productivity on
Australian farms. Over the years some weeds have become
resistant to herbicides and farmers must sometimes resort to
ripping them from the earth. Al can help. As an example, the
agricultural robot called Agbot Il developed by the Queensland
University of Technology is about half the size of a tractor and
can drive across paddocks performing farming operations
autonomously. Agbot Il can save Australia’s farm sector

$1.3 billion per year by automating weed removal and
improving agricultural productivity [14]. Technologies such

as AgBot Il are using computer vision and machine learning
to identify and classify weeds and then determine the
optimum weed removal method. Robotics can then be used
to spray weeds (with the right type and amount of herbicide),
mechanically destroy weeds (rip them out of the ground) or
use micro-wave destruction methods. Weeds don’t stand a
chance. This will boost crop and pasture productivity, and
save farmers time and money. Farm robots can perform

a wide range of seeding, spraying, tillage, harvesting

and monitoring operations.

Helping small business owners trying to
juggle the day to day demands of running
their enterprise

Al is already helping business owners better understand their
customers, supply chains and emerging opportunities for
growth. There are already numerous Australian companies
(large and small) using predictive analytics and machine
learning to analyse their sales data — potentially combined with
other data (e.g. census data) — to quickly inform how much

of what products to order and when (days, weeks, months)
based on seasonal demand. These tools can also help identify
in-demand products for customers or ways to monitor stock
inventories and production activity on the factory floor to
place automatic orders for new products or components when
they’re running short or demand is forecast to peak. This can
add up to major cost savings and new opportunities for our
businesses to compete and thrive.

n



Helping firefighters fight bushfires

Putting out spot fires (small fires) before they become major
conflagrations is a mission-critical activity for fire fighting
teams. But where should firefighters concentrate effort and
target resources? Al can help. Al is already being used to
rapidly map forest fire fronts and simulate fire-spread based
on fuel loads, terrain and climate, to assist firefighters in
pinpointing their efforts, allowing them to save lives and
property. For example, the CSIRO Data61 “Spark” system uses
machine learning to map fire fronts and identify priorities.
These systems offer the potential to operate in real time,
providing fire fighters with regular updates and information
for tactical responses as the situation rapidly unfolds.

12 Artificial Intelligence

Helping people to improve their mental health

According to Beyond Blue over one million Australians are
currently suffering from depression. Some of these people
won’t get help and there’s a risk of serious negative life
outcomes, which sometimes can include suicide risk. Al can
help. As an example, in October 2017 Lifeline launched the
#BeAlLifeline Twitter Direct Message (DM) Chatbot designed to
help people going through a tough time [15]. It can diagnose
people at risk and, where appropriate, start a conversation

to reduce the chances of negative outcomes or suicide.
Researchers at the University of Melbourne [15] have found that
young people suffering depression or tough life circumstances
want more Al enabled chatbots. The chatbot can help someone
start a tough conversation and then get human expert help.

As the Al and natural language processing behind the chatbot
improves it will be able to have much more realistic and helpful
conversations with people at risk. Al can also reach people in
remote and regional Australia at any time of day or night on a
wide range of devices. The chatbot is always there and always
ready to help. Chatbots can’t replace human counsellors,
however they can help and will play an increasingly

important role in reducing depression and suicide risk.

For many Australians these technologies might make it easier
to open up about problems and get professional help from

a human counsellor.



Helping people with cancer

In Australia 13,280 new cases of melanoma were diagnosed in
2016 and 1,770 people died from the disease [16]. If diagnosed
and treated early the prognosis for treatment of these types

of conditions is good. But if detected late, the chances of
survival are much less. Al can help. For example, a machine
learning technique using deep convolutional neural networks
was developed by Stanford University scientists to identify skin
cancers from images [17]. The researchers tested the Al against
21 certified dermatologists. They found the Al performed

“on par” with human dermatologists. The researchers indicated
that the technology could be incorporated in smartphone apps.
This will allow low-cost and earlier detection of skin cancer
which will improve survival rates for patients. Many Australians
who are doctor-shy may be willing to use a convenient
smartphone app which detects a skin cancer. They could then
visit a clinician for formal diagnosis and early treatment with
much better chance of survival. Many other types of cancer

can be diagnosed and treated early with Al leading to better
survival rates.

Creating career opportunities

As Al reshapes the economy it will create new industries and
new jobs. A study by Data61 and consulting firm AlphaBeta
found that digital innovation could add an extra $315 billion
in gross economic value to Australia over the period 2020 —
2030 [18]. The new industries in areas such as robotics, vehicle
automation and cybersecurity will drive the demand for skilled
workers. It’s already happening. The Australian information,
communications and technology (ICT) sector workforce
contained around 663,100 workers in 2017 representing a 3.5%
increase from the previous year [3]. This is forecast to grow to
758,700 workers by the year 2023 which represents roughly
20,000 additional workers per year over the coming five year
period. One of the most rapid-growth professions includes
“software and applications programmers” which will see
around 80,000 new job opening in the next five years [3].

And the salaries are good. For example, the Australian
Government Job Outlook Website indicates that software and
applications programmers are likely to experience very strong
future growth and lower unemployment compared to the
overall labour market with an annual before-tax salary

of $104,156 compared to the average worker of $73,112.

These jobs will also be available to a greater number of
Australians, with many of these types of jobs moving from
being only present in Australia’s big cities to numerous
regional centres. With the right mix of technical and
human/business skills, Australians will be well placed for

a great career in a great location.
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3 WHAT IS AI?

Al is a powerful, useful and transformative general purpose technology.
In recent times the discussion about Al has shifted gears —it’s less
about whether or not computers can think for themselves as explored
by pioneers such as the famous British Mathematician Alan Turing

in the 1950s. It’s more about the practical application of powerful
technologies to perform useful functions and the transformative
impacts this could have on entire economies and societies.

In this report we define Al as:

A collection of interrelated technologies used to solve
problems autonomously and perform tasks to achieve
defined objectives without explicit guidance from

a human being.




Machine learning lies at the core of Al and when combined
with other technologies—such as computer vision, natural
language processing and robotics—represents a potential step-
change in what’s possible for humanity and our quality of life.

There are many fields of science and technology (Figure 3)
which are considered as core to Al such as:

e Machine learning. Machine learning is a field of study
that gives the computers the ability to learn without being
explicitly programmed. There are three main techniques for
machine learning: statistical machine learning aims to find
some type of predictive function from the training data;
reinforcement learning approaches provide Al algorithms
with “rewards” or “penalties” based on their problem
solving performance; and deep learning approaches make
use of artificial neural networks.

e Human language technologies. A growing number of
Al applications depend on the ability of robotics and
computerised systems to record, interpret and use human
language. Human language is communicated either
verbally or via text (handwritten or typed). These two major
channels of communication are primarily studied by Al
researchers under the fields of natural language processing;
sometimes referred to as text analytics and voice and
speech recognition. The use of these technologies is likely
to grow considerably over the coming decade. For example,
It is estimated by 2020 half of all internet searches will be
conducted via voice [19, 20].

e Computer vision. This involves analysing digital images
using image processing algorithms [21]. These algorithms
often perform image retrieval, image recognition and
visualisation. Recently, deep learning has revolutionised
this area, improving the performance of some tasks to
the level of human vision. A 2014 breakthrough [22] in the
development of an unsupervised machine learning method,
called Generative Adversarial Nets (GANs) which involves the
generation of images that look authentic to humans, was a
major breakthrough for this line of research.

e Robotics. One of the most interdisciplinary areas of artificial
intelligence is robotics. It brings together engineering,
computer vision, machine learning, electronics and various
other disciplines to create robots which can interact with
their environment through channels such as sensors,
speech, vision or text, to complete tasks. This subfield of Al
is often intertwined with other Al subfields of automated
planning and plan recognition; as planning is often needed
by a robot to guide its movement and choices [23].
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e Automated planning. Automated planning is a field of
Al investigating computational models and principles
to enable an artificial agent to act deliberately [24]. For
example, when a robot should decide how to perform
a specific task, such as moving an object, it should first plan
the required actions. A planner identifies an ordered set of
required actions to complete a task in a given environment.
Automated planning has been applied in planning space
missions by NASA, manufacturing (e.g. Amada Corporation),
dialogue systems, smart homes, electricity consumption
modelling, underwater vehicles and computer games [24-27].

e Expert systems. Expert systems were introduced in 1965
with the aim of approximating human expertise in decision
making, allowing automation of human knowledge [28].
These systems often include two parts: (a) an inference
engine and; (b) a knowledge base which includes facts
and rules. Finance and healthcare are two of the main
applications of such systems, with expert systems for
disease diagnosis being developed since the 1970s.

e Knowledge representation. Underlying any intelligent
system is its source of knowledge. Such knowledge of the
world requires representation. Representation of domain
knowledge is challenging because knowledge in the form
of human expertise is large, dynamic and non-uniform.
Knowledge representation is currently an active area
of research within machine learning, natural language
processing and computer vision communities, especially
for deep neural networks [29].

Researchers have been working in Al domains for decades,

so why is it gaining so much attention now? The answer

is partly due to the convergence of multiple technologies.
Technological innovation isn’t a straight line. It’s not like

a skyscraper with one floor of scientific achievement built
vertically on top of another. Innovation is better represented
as an inverted pyramid where one idea leads to several more
which support yet more ideas. In his recent book “How Google
Works”, Google Chairman Eric Schimdt argues humanity is
entering an era of “combinatorial innovation”, where the pace
of change is accelerating [30]. That’s why now is different.
Multiple technologies are converging to create a fundamentally
new capability that will open new doors.



Figure 3. Science domains of artificial intelligence.
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4 THE ECONOMIC
VALUE OF Al

Productivity is the level of efficiency via which the economy converts

its inputs to outputs. Productivity improvements are vital for long term
economic growth and wealth generation. Al represents a significant new
opportunity to boost productivity and enhance our national economy.
This is because Al creates the potential for industry to make better
products, and deliver better services, faster, cheaper and safer.




Like many of the world’s advanced economies Australia faces
medium-term growth challenges associated with population
ageing and low multi-factor productivity growth. The average
annual productivity growth rate in Australia over the last

10 years has been roughly half the long-term 30 year average.
According to economic studies by the Australian Government,
productivity growth must increase in order to maintain our
trajectory of continued improvements in living standards

[31, 32]. Furthermore, overall economic growth measured

via gross domestic product (GDP) is also below historic
performance (Figure 4). In the 1960s Australia’s average annual
GDP growth rate was 5.6%. In the 2010s it averaged 2.6% [33].
This phenomena, impacting all of the world’s advanced
economies, was referred to by José Angel Gurria — the
Secretary General of the OECD — as the “low growth trap” [34].

As a general purpose technology Al
could be the missing ingredient in the
productivity equation which turns things
around and returns the worlds advanced
economies to stronger growth.

As a general purpose technology Al could be the missing
ingredient in the productivity equation which turns things
around and returns the world’s advanced economies to
stronger growth. This is a perspective put forward in a recent
working paper by economists published by Stanford University
[35], and a separate report by economists at consulting firm
Accenture [36]. These researchers argue Al is adding something
new to an economy’s productivity engine and rewriting the
economic growth equation.

The potential of Al to improve productivity is supported by
several economic studies which estimate the productivity
gains associated with Al and digital technology application.
For example, consulting firm McKinsey [37] estimates digital
technologies could contribute $140 to $250 billion to
Australia’s GDP by 2025 and that automation technologies

(a subset of Al technology) would comprise $30 to $60 billion
for Australia over the same time period. Another recent study
by consulting firm AlphaBeta and CSIRO’s Data61 [18] estimates
that digital technologies, including Al, are potentially worth
$315 billion to the Australian economy by 2028.

The average annual productivity growth
rate in Australia over the last 10 years
has been roughly half the long-term

30 year average.
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Figure 4. Average annual economic growth rates by decade.

Source: OECD Statistics [25]
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Another trend of relevance is the increasing importance

of the information technology sector to Australia’s economy
(Figure 5). This sector is both using and developing powerful
Al technology. In the past few years it has broken away from
the rest of the share market and is already boosting growth
in the Australian economy. Examples include companies
such as Technology One, WiseTech, REA Group (including
realestate.com), carsales.com, Afterpay, Xero, all of which
are investing heavily in advanced digital and Al capabilities.
According to the S&P ASX200 Information Technology
Index, over the entire month ending July 2019 the market
capitalisation of ASX200 technology sector companies
ranged from $1.2 billion to $10.2 billion with a mean value

of $4.9 billion which is indicative of price volatility within this

sector. The breakaway of the information technology sector
can be seen over a longer time period in the United States by

comparing the NASDAQ with the Dow Jones Industrial Average.
The NASDAQ has shown more rapid growth over the decades

compared to the Dow Jones.

A recent report by consulting firm AlphaBeta [38] argues

the information technology sector currently contributes

$122 billion to the Australian economy employing

580,000 workers. The report suggests that we can boost
Australia’s GDP by $207 billion/year if the Australian technology
sector grows on par with global leaders. The report also finds
that 66,000 workers in the information technology sector live
in remote and regional Australia and that 90% of information
technology sector businesses are small to medium enterprises.

Digital technologies, including Al,
are potentially worth AU$315 billion
to the Australian economy by 2028.
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Figure 5. The information technology sector compared to the broader market.

Data source: The Australian Stock Exchange and S&P Dow Jones Indices.
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b WHAT'S THE
ING™

WORLD

Recent times have seen an unprecedented level of global
activity and investment in Al. In the past few years, 14 of

the world’s advanced economies have announced a total of
$86 billion in Al programs and activity. This is mostly public
sector investment but does include some private sector funds.
Additional non-publicised investment is likely.

There is a widespread view among these economies that

Al will boost industry and worker productivity and achieve

competitive advantage in global markets. The investments

are being used to fund Al research and development, boost
training and education, encourage industry adoption, seed
start-ups and promote ethical application.

There are opportunities for Australia to leverage offshore
investments in Al technologies. There are also opportunities for
Australia to fill niches in the global marketplace, creating new
opportunities for our own economy and developing Al exporting
industries which build-off our strengths in science and technology.

On 22 May 2019, all member countries of the Organisation
Economic Cooperation and Development (OECD) Council on
Artificial Intelligence (including Australia) approved a set of
recommendations on Al [39]. Although not legally binding these
recommendations are likely to be influential for Al at the global
scale. The recommendations contain principles for the beneficial,
safe and ethical application of Al. The recommendations

also suggest actions for governments seeking to develop Al
capability. These actions relate to research and development,
digital infrastructure, business ecosystems, policy designs, skills
development and cross-jurisdictional cooperation.

In preparing this document we reviewed Al developments
worldwide over the past few years:

e The United States has deep, longstanding and world-leading
capability in many scientific fields of Al and many areas
of application. United States technology corporations
such as Alphabet (Google), Microsoft, Amazon, Apple and
other NASDAQ-listed companies are actively developing
powerful Al systems which are becoming industry-standard
across many sectors. These companies have large research
and development budgets. The US Government and
philanthropic-sector are investing heavily in applied and
pure-discovery aspects of Al research. Many of the most
influential scientific research papers on machine learning
have been published by researchers at United States
universities and technology companies.

e Inrecent years China has come to the fore with rapid
development of advanced Al capability in diverse fields. Today
China has broad and deep Al capabilities with widespread
deployment of robotics and autonomous systems across all
industry sectors. There has been an explosion of academic
publishing in the field of Al from China’s university and research
sector. There is a mix of public and private sector Al activity
in China with vast investments in pure and applied research.

Companies such as Alibaba Baidu and Tencent are pouring
substantial resources in to specialist Al capability development.
The European Commission has invested heavily in Al capability
rivalling the activity in China and the United States. The
“Artificial Intelligence for Europe” strategy involves investment
in Al research capabilities relating to robotics, quantum
computing and other fields. The strategy also supports
research centres across Europe with the aim of developing
numerous Al centres of excellence. The European Al strategy
pays considerable attention to ethics and data governance;
seeing ethical Al as a point of competitive differentiation.

The German Al Strategy was launched in December 2018 and
is primarily aimed at boosting the vast and well-established
German manufacturing sector. The German Al strategy

seeks to achieve high levels of quality-assurance so that
German-made Al is recognised by customers as high-quality;
as achieved by brands such as Miele and BMW. The German
Government is also sponsoring many university research
teams to conduct pure-discovery oriented Al research to
generate novel approaches for Al problem solving and next-
generation technological capability.

Canada was the first country to launch an official Al Strategy
called the “Pan-Canadian Artificial Intelligence Strategy” in 2017.
This strategy grew the number of outstanding Al researchers and
skilled graduates across the nation, established interconnected
nodes of scientific excellence in Canada’s three major centres
for Al (Edmonton, Montreal and Toronto), supported a

national research community on Al and to developed global
thought leadership on the economic, ethical, policy and legal
implications of advances in Al. Since launching this strategy
Canada has continued to increase its Al activity and investment.
The United Kingdom Al strategy “Al in the UK: Ready, willing
and able?” was published in 2018 and aims to grow the
population of doctoral researchers and the overall skills

and capabilities of the UK workforce in all aspects of Al.

The strategy also has a strong focus on ethical Al as a key
differentiator in global markets. The area around Cambridge
has emerged as a mini Silicon Valley with an explosion of
high-tech digital firms. The UK is also home to the Google
company Deepmind which has headquarters in London.
Deepmind is credited with some of the most significant
breakthroughs in the field of Machine Learning.

The French Al Strategy was released in 2018 and is heavily
focused on the social, ethical and economic aspects of the
technology. The French strategy aims to upgrade the skills

of industry to build, adapt and apply Al within production
processes. It also aims to upskill an entirely new workforce of
Al workers and researchers. The French strategy also involves
reviewing and improving legislation, regulation and policies
to accommodate Al within all aspects of French society.

In addition to these countries Singapore, Taiwan, Japan, India,
United Arab Emirates, South Korea, Finland and New Zealand
have all announced significant Al activity.
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b WHAT'S AUSTRALIA

ING™?

There’s a vast amount of Al activity
underway and Australia has world-leading
and longstanding capabilities in many
core Al research fields.

In the May 2018 Budget, the Australian Government announced
$29.9 million to advance Al and machine learning, along with
development of an Al Technology Roadmap (this document),
a standards framework and a national ethics framework [40].

The funds support Al related Cooperative Research Centre
Projects (CRC-P), PhD scholarships and school related learning.
Australia’s national science agency, CSIRO, also announced

a $19 million initiative on Al and machine learning “to target
Al-driven solutions for areas including food security and
quality, health and wellbeing, sustainable energy and
resources, resilient and valuable environments, and Australian
and regional security” [41]. States and territories are also
investing, with prominent examples being South Australia
investing $7.1 million into an Al and Machine Learning
Institute at the University of Adelaide [42] and the Queensland
government’s $3 million investment in an Al Hub at its
innovation centre “The Precinct” in Brisbane.

Millions of Australian Dollars
(Nominal)
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$31
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Multiple Australian universities and research organisations
have longstanding (decadal) robotics and Al related research
and teaching units. Since 2010 the Australian Research
Council has awarded $243 million on pure research projects
classified as “Al and image processing” [43]. The Queensland
University of Technology is home to the Australian Centre
for Robotic Vision which works in partnership with CSIRO,
the Australian National University and Monash University.
The Australian Centre for Field Robotics at the University of
Sydney is one of the world’s largest robotics teams which
specialises in applications of robots in outdoor environments.
Australia’s mining companies, CSIRO and partner universities
also have long-established world leading expertise in mine
site automation.

Since 2010 the Australian Research
Council has awarded over AU$243 million
on pure research projects classified

as Al and image processing.
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2017 2018 2019

Figure 6. Australian Research Council pure research funding for artificial intelligence

Data source: Australian Research Council Grants Database [43]. This represents the annual total of projects funded under the research field code
801 “Artificial Intelligence and Image Processing”. In 2014 a single large $19 million project was funded at the Queensland University related to

robotic vision [44].

24 Artificial Intelligence



There are several active and planned innovation precincts

in Australia with a specific focus on Al, which aim to foster
industry—research collaboration, commercialisation and
innovation. The Australian Government, working with state and
territory governments, universities and research organisations,
has endorsed a Statement of Principles for Australian
Innovation Precincts to provide best-practice advice to
encourage the right settings for precinct development [45, 46].

Existing data on the Australian start-up scene indicates there
are 1,465 start-ups in total and that 21% of these consider Al
relevant to their products or services [47]. This has increased
from 6% in 2017 [48]. We surveyed 72 Al start-up companies
of which 84% report to be adapting or developing novel

algorithms rather than simply using Al toolboxes. Some of the
challenges reported by the Al start-ups included accessing skills
and talent; securing investment funds; industry risk aversion
and market access. As the Al sector develops in Australia,

the SME Export Hubs Initiative may provide support to enable
greater collaboration and realise Al export opportunities [49].

Overall, there is evidence of widespread development and
application of Al technology in Australian organisations and
strong Al capability across the nation. Through this project
we identified 285 applications of Al technology across the
entire Australian economy by companies (152 applications),
governments (93 applications) and research organisations
(40 applications).
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7 Al DEVELOPMENT

O

RA

EGIES

Enabling the entire Australian economy with Al represents a complex
policy and strategy challenge. Here we identify three broad strategic
approaches for technology development which could be used to

realise Al objectives for Australia.

71 Technological Specialisation

The development of Al capability in Australia is likely to
benefit from a targeted approach which focuses on areas of
specialisation. This involves selecting a small number of high
potential areas of Al-related technological capability and
targeting resources to accelerate innovation, integration and
adoption in those chosen areas.

There is much evidence that technological specialisation
boosts economic growth [50-54] especially in advanced
economies like Australia’s. For example, a comprehensive
economic study [51] of all countries comprising the European
Union over the years 1969 to 1998 by researchers from the
University of Wuppertal in Germany found that: “the level

of relative technological specialisation in the area of R&D-
intensive industries and especially in the area of leading-edge
industries contributes significantly to economic growth”

(p271). An earlier study of technological specialisation [50]
amongst 20 OECD countries during 1975-1990 came to a similar
conclusion stating that “a general positive relationship is found
between the degree of specialisation in technology and higher
rates of growth” (p157).

There is much evidence that
technological specialisation boosts
economic growth especially in advanced
economies like Australia’s.

These empirical studies support longstanding theories in
economics about economies-of-scale, comparative advantage
and trade. Specialisation allows a country to decrease the
costs of production and produce a higher quality product.
That makes it difficult for other countries to compete.
However, there are also some risks with specialisation.

The most significant risk is a failure to specialise in the
correct area of science and technology due to future changes
in consumer demand or the emergence of competition

from other industries worldwide. This can be managed via

a targeted, adaptive and balanced specialisation strategy

and the Australian Government could consider leading the
coordination of such a strategy with industry and researchers.

We note that whilst planned specialisation can be an
effective industry growth strategy, serendipity and organic
growth are also extremely effective development pathways.
Many science, research and technology breakthroughs which
have generated the largest social and economic benefit have
been serendipitous.

Identifying and developing targeted areas of Al specialisation
for Australia, along with other initiatives, could be an effective
approach for building capacity across the entire economy.
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CASE STUDY —

The Pittsburgh steel industry

An example of effective technological specialisation is the United States
Pittsburgh steel industry.

At the height of the boom in the 1950s and 1960s, Pittsburgh was one of
the largest steel producing regions in the US, however a decline in steel
prices during 1970s and 1980s saw most steel mills in Pittsburgh closed.

In response, the US Government implemented a steel technology
specialisation strategy, to transition the economy towards new sources
of wealth and jobs. By 2010 there were two academic and eight corporate
steel research centres in Pittsburgh, providing specialised expertise in
metallurgical and materials science.

Specialisation in steel production, and then steel technology, allowed
Pittsburgh to achieve continued economic growth, low unemployment
and rising salaries.

CASE STUDY —
The ‘Cambridge Phenomena’

An example of non-centralised and serendipitous emergence
of a technology industry is the UK’s “Cambridge Phenomena”.

Cambridge University is a research and teaching institution which
has long pursued excellence, but with negligible centralised control.
Academics and schools within the university are expected to meet
high standards of competency and achievement, but can largely
pursue their own directions. The results have been spectacular:

¢ Following explosive growth in the 1980s and 1990s, by
year 2000 there were over 1,200 high tech firms employing
36,000 people (or 10% of the entire Cambridgeshire workforce) [7].

e The ecosystem continued to grow over the global financial crisis
years of 2008-2009 and by the year 2013 had 1,500 firms, five of
which had valuations over US$1 billion [9].

e The success of the tech start-ups attracted larger companies
with larger investments. Microsoft, Google and Toshiba are a few
of the companies setting up major R&D labs in Cambridge [9].

Artificial Intelligence



7.2  Mission Directed Research

A mission-directed approach to technology development
aims to identify, and solve, national problems and challenges.
For example, Australia might want to set a bold target around
using Al to rapidly boost early diagnosis of cancer. This can have
the effect of consolidating national capability and generating
spin-off companies and industries. Concepts of mission-directed
research have been developed by the Australian Government
[55] and Mariana Mazzucato from the University of Sussex
and the University College London [56]. It is possible that
mission-directed research designs could be used to concentrate
Al capabilities whilst building industries which export the
solutions globally. Missions could complement

the specialisations.

An example of a mission directed Al program comes from the
United Kingdom. This year the UK Government Department
of Business, Energy and Industrial Strategy announced a
missions-based approach to build the nation’s future industries
[57]. As stated on the department’s website “each mission will
focus on a specific problem, bringing government, businesses
and organisations across the country together to make a real
difference to people’s lives” [57]. The first mission involves

the use of Al and innovation to improve the prevention,
diagnosis and treatment of chronic diseases by the year 2030.
This mission involves quantifiable outcomes. For example, the
UK government estimates that Al and other innovations could
result in 50,000 more people having their cancers diagnosed
early-stage (rather than late-stage) which would mean

20,000 fewer deaths (within 5 years of diagnosis) compared to
the situation today [57]. This is a mission to not only improve
people’s quality of life, but also to grow new industries and
new jobs.

A missions-based, or grand-challenges, approach could be an
effective way of developing Australia’s Al capability whilst also
solving problems of national significance.



7.3  Business and
Knowledge Ecosystems

Ecosystem strategies aim to map and model the entire network
of institutions, resources and/or individuals relevant to
business objectives. They look beyond organisational and/or
jurisdictional boundaries to the flow of ideas and resources.
Ecosystem designs may be an effective approach for the Al
enablement of Australian industry given that our Al capability
is distributed across multiple public and private sector
institutions, research organisations and diverse geographic
locations. There is also considerable connectivity with overseas
research capability.

Ecosystems avoid or reduce the need to create new centralised
institutes. An ecosystem approach is of growing popularity in
the fields of organisational design and management strategy
[58-60]. The concept of a “business ecosystem” was introduced
by James Moore in the 1993 May-June issue of the Harvard
Business Review [61]. It was based on a study of a company
called Apple Computers. Moore wrote that “Apple Computer
is the leader of an ecosystem that crosses at least four major
industries: personal computers, consumer electronics,
information, and communications. The Apple ecosystem
encompasses an extended web of suppliers that includes
Motorola and Sony and a large number of customers in various
market segments”. At the time Apple Computers wasn’t

worth much. However, by August 2018 Apple was the world’s
first company to reach market capitalisation of US$1 trillion.

It was accompanied by unprecedented growth in the
information technology sector with companies such as Google
(Alphabet), Microsoft, Facebook, Amazon and others seeing
unprecedented rates of growth. All adopted similar ecosystem
models within their organisational structures and cultures.

Ecosystems of Al activity which span existing public and private
sector organisations could be an effective way of developing Al
capability rather than building entirely new institutions.
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CASE STUDY —
Commonwealth Bank of Australia

Ecosystems are being increasingly used in organisational
design within Australian companies. On 28 May 2019

the Commonwealth Bank of Australia announced a new
business ecosystem structure for its Institutional Banking
and Markets function [1]. The new structure is based

on six ecosystems: connected services; efficient supply
chains; future cities; future resources; intelligent finance
and smart networks.

The bank has used an ecosystems approach because

it is the most effective way of supplying data-driven
insights to their customers in a digitally transformed
global economy. The Commonwealth Bank’s Group
Executive of Institutional Banking and Markets Andrew
Hinchliff is quoted in the Australian Financial Review
(28 May 2019) saying “These [ecosystems] are designed
to understand the interdependencies of a business
with the surrounding businesses and environment
around it” [1].

The ecosystem may become a common approach
to organisational design considering digital
transformation and data-driven decision making.




7.4 A Story of Transition — From
Selling Steel to Selling Steel Know-How

It’s not just the technology giants such as Google and Microsoft
benefiting from Al enablement. It’s happening across the
spectrum. Successful technology transitions are underway in
small and large companies across Australia in very traditional
sectors. One of the most striking examples comes from
Brisbane based father-son company Watkins Steel. What's
remarkable about this case study is that not a single employee
was lost in its process of transforming; rather the company
grew its workforce and created more jobs as it switched from
steel manufacturing to steel technology.

Based in Brisbane, 50-year old company Watkins Steel
specialises in small to mid-size structural steel, metal work,
urban arts scapes, architectural structures and refurbishments.
Three years ago, recognizing the potential of digital
technologies, the company started its transformation from
traditional steel fabrication to technology services offering

3D laser scanning, design and data collection.

Watkins Steel has developed a unique digital workflow

that links the entire fabrication and installation process

from start to finish, connecting digital equipment, software
and people, for improved steel detailing. The CEO Des
Watkins characterises the transition between old and new,

as going from the shop floor to the up-stairs office, where
traditional hard-hats are replaced with cutting-edge HoloLens
(augmented reality) technology.

As the company adopted new technology, the business
doubled in size and for every new piece of automated
equipment installed another 10 people have been employed.
Des highlights the fact that no jobs were lost through the
technology transition and some boiler makers are now the
company’s technology experts.

As 1,500 staff hours were removed from the factory floor
through the automated equipment, staff undertook

new roles using their expert knowledge of steel and the
fabrication process. Investment in staff retention and
professional development has allowed the company to
expand its capabilities, continue to learn and opened new
business opportunities.

Watkins Steel has grown beyond humble South East
Queensland beginnings to enter global markets. The staff have
built global networks and participate in international networks
to tap into the latest developments.
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8 POSSIBLE Al
SPECIALISATIONS
-UR AUsS TRALIA

We have identified three domains of Al development and
application where Australia is well positioned to transform
existing industries and build new ones. These specialisations have
been selected based on (a) existing strengths and capabilities
where we have comparative advantage; (b) opportunities to solve
big problems for Australia and; (c) opportunities to export the
solutions worldwide to other problem holders. We stress that

this is an early and emerging analysis. We expect these areas

of specialisation will be refined as more information about the
breadth and depth of Al capability is identified.




8.1 Al for Better Health,
Aged Care and Disability Services

Al is being widely applied and developed within the healthcare
sector in Australia and worldwide. In surgical applications
robotics are being used to improve the precision and efficacy
of operations. Machine learning, data science and predictive
analytics are being used to provide earlier and more accurate
diagnosis of cancer, infectious disease and other forms of
illness. Sensory systems combined with other technologies are
being used to monitor and assist older Australians creating
the possibility of living at home for longer before going into

a retirement home. There is much that Al systems can do to
improve our health and wellbeing.

8.1.1 PROBLEMS TO SOLVE

Australia faces acute challenges in meeting the health and
aged care needs of the future. This includes both physical

and mental health. Total healthcare expenditure in Australia
reached $181 billion in financial year 2016/17 representing
more than $7,400 per person and 10% of overall economic
activity [62]. This is associated with 4.7% annual growth in real
expenditure [62] which is above the rate of real income growth
in the economy. A CSIRO report on the future of health states
ongoing cost pressures will continue and without intervention
Australian governments will need to double spending on
healthcare per capita by 2055 to finance current levels of
service [63].

Already we can see patients and senior citizens struggling

to get the level of care they require. Median wait times for
elective surgery increased from 36 days in 2014 to 40 days

in 2018. The number of people who presented to emergency
departments and were “seen on time” decreased from 75%
in 2074 to 72% in 2018 [64]. The median wait time to enter
residential aged care facilities has increased to 121 days in 2018
up from 84 days in 2016 [65]. Approximately seven million
Australians, representing 29% of the population, live in
regional and remote areas which have unique healthcare
challenges [66]. Compared to major cities, remote areas have
5.4x the rate of deaths due to land transportation accidents
and 1.3x overall mortality rates [67].
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Australia’s ageing population and demographic pressures

are also high priority challenges. The number of Australians
aged 65 and over is predicted to increase from 3.8 million

to 5.2 million by 2027 [68]. This is associated with increasing
prevalence of certain types of disease. For example, without

a medical breakthrough, the number of people with dementia
is expected to increase to 536,164 by 2025 [68]. In the four year
period from 2072 to 2016 palliative care provided in hospitals
rose by 28%. The rate of subsidised palliative care-related
prescriptions rose at an average annual rate of 17% [69]. Our
ageing population could increase public health expenditure by
1-4% of GDP [70] placing further pressure on strained budgets.

The same five health issues continue to cause most deaths of
Australians (male and female) and have remained relatively
stable over the preceding decade (2006-2016). Coronary heart
disease, dementia & Alzheimer’s disease, cerebrovascular
disease, lung cancer and chronic obstructive pulmonary
disease led to 58,276 of 158,500 deaths in 2016 [71]. Collectively,
chronic conditions account for 87% of deaths, 61% of total
disease burden and 37% of hospitalisations [69]. In 2018 an
estimated 138,300 Australians will be diagnosed with cancer
and 48,600 will die from cancer [69]. The Australian Institute
of Health and Wellbeing found that in 2016 there were over
26,600 potentially avoidable deaths [72].

Already Al systems are matching, or even outperforming,
human experts in areas such as oncology, radiology and
retinal disease. For example, a machine learning technique
using deep convolutional neural networks was developed by
Stanford University scientists to identify skin cancers from
images [17]. The researchers tested the Al against 21 certified
dermatologists. They found the Al performed “on par” with
human dermatologists. The researchers indicated that the
technology could be incorporated in smartphone apps.

This will allow low-cost and earlier detection of skin cancer
which will improve survival rates for patients. Such technology
would be hugely beneficial in Australia which has amongst the
highest rates of skin cancer in the world.

Overall the demand for health and aged care services in
Australia is set to escalate and expenditure will continue to
rise. Innovation is essential to ensure improved, or even,
maintained quality of services. Al will be an important
technology which allows us to deliver better healthcare

in a cost efficient manner.

Already Al systems are matching,

or even outperforming, human experts
in areas such as oncology, radiology and
retinal disease.



CASE STUDY -
Al for Disability Support Services

According to data from the Australian Bureau of Statistics

4.3 million Australians live with some type of disability.

There is considerable scope for Al to help these people live
better lives as documented in a recent publication in the
Disability Support Guide [2]. For example, the new Soundscape
app by Vision Australia and Microsoft allows people who are
blind (or vision impaired) to receive audio prompts about objects
in their immediate surroundings. Soundscape uses computer
vision and headphones to tell the person whether they’re
looking at a road, café, railway station, bike track or other
object. This is part of Microsoft’s $25 million 5-year program
called Al for Accessibility. In another case the Endeavour
Foundation has launched 15 training programs which use virtual
reality (VR) to help people with intellectual disabilities learn

a wide range of skills including road safety, how to use an
automatic teller machine and how to be a barista.

CASE STUDY -
Al for Mental Health

Mental health can also be improved by Al. For example, an
Australian CSIRO Data61 technology uses Al techniques and simple
computer games to diagnose mental disorders. The computer
game presents patients with choices and tracks their behaviour.
Based on how they respond the Al system can diagnose

whether they are likely to have a mental disorder and what type.
The Al system uses a machine learning technique called artificial
neural networks to record and analyse a vast range of subtle
behavioural responses in the patient. By analysing this data, the Al
system can make a reliable diagnosis. It has already been applied to
accurately diagnose patients with depression and bipolar disorder.
This represents an improvement on standard questionnaires used
by clinicians in the Diagnostic and Statistical Manual (DSM) and the
International Classification of Diseases (ICD).
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8.1.2 AUSTRALIAN CAPABILITY

Australia already has strong capability relating to the
application of Al and related digital technologies for healthcare
and aged care. In this section we provide a few examples of
research teams and companies doing exemplary work. But

we note a much larger number of research organisations,
companies and governments applying Al to improve the
efficiency and effectiveness of health and aged care services.

An outstanding Australian invention is the bionic eye [73].
This is a retinal implant placed at the back of the eye. Sensors
built into glasses capture visual input and feed it into the
optic nerve and onto the brain. This can restore some level
of sight to a visually impaired person. The bionic eye has
been developed by the National Vision Research Institute

in partnership with the University of Melbourne, Monash
University and Lions International. The bionic eye represents
advanced application of computer vision which is a field of Al
research. There is huge potential to develop, apply and export
this technology.

The University of Melbourne will become home to the
Australian Research Council (ARC) Training Centre in
Cognitive Computing for Medical Technologies, receiving
$4.1 million in government funding. The centre aims to breed
commercially savvy Al researchers with deep expertise in
medical technologies [74]. At Deakin University the Applied
Artificial Intelligence Institute (A212) in partnership with the
Alfred Hospital has developed an Al decision support system
to assist doctors and nurses within the hospital’s trauma

bay to make better decisions when stabilising a patient [75].
At Monash University the Information Technology department
has a project focusing on “Multi Modal Medical Al” which
centred on how computer-based decision procedures under
Al can assist in improving health and wellbeing [76].

Australian company Saluda Medical is pioneering technology
using novel Al and electroceutical technology to record and
measure the body’s response to electrical nerve stimulation
travelling up and down the spine in real time, to enable better
targeting and management of chronic pain. Australian start-up
Maxwell Plus is working with CSIRO, radiology specialist
[-MED and Austin Health to develop and commercialise
technology for identifying early-stage Alzheimer’s disease
[77], using Maxwell’s Al platform to automatically form a

view of a patient’s overall health and combine this with

brain imaging tools.
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The global digital healthcare
market is expected to exceed
AUS$521.22 billion by 2024.

8.1.3 OPPORTUNITIES TO EXPORT

A recent report by the World Health Organisation [78] reveals
the size and growth of global health expenditure. In 2015 the
world spent $10.6 trillion on healthcare representing 10% of
global GDP with an annual growth rate of 4% compared to

the overall economic growth rate of 2.8%. Continued growth
in expenditure can be expected as the world’s economy and
human population grows. There are significant technology
markets within the global healthcare sector. Recent analysis by
AlphaBeta has identified safe and secure precision healthcare
as a $140 billion to $190 billion global market by 2028 with

$30 billion to $50 billion of revenue generated in Asia-Pacific
alone [70]. The global digital healthcare market is expected to
exceed $521.22 billion by 2024 [79]. Furthermore, the world will
experience population ageing. The global share of over-60s is
expected to increase to 21% by 2050 up from 13% in 2017 [70,
80]. In summary there is strong evidence for massive growth
in demand for healthcare and aged care solutions at the global
scale. Australia is well positioned to develop and supply Al
products into the global market.

8.2 Al for Better Towns,
Cities and Infrastructure

This specialisation captures all the ways that Al can be used
to improve our built environment capturing social, economic
and environmental benefits. This includes improved design,
planning, construction, operation and maintenance of
infrastructure and buildings. It also includes all the ways
that Al can be used to improve the efficiency and safety

of transportation, electricity and water services.



8.21 PROBLEMS TO SOLVE

In 2018 there were 1,137 road deaths in Australia [81]. Many of
these deaths resulted from human error including speeding
and drunk driving. In 2014-15 nearly 57,000 Australians

were hospitalised as the result of injuries sustained in car/
vehicle crashes [82]. The estimated annual economic cost

of road crashes in Australia is $27 billion with significant

and devastating social impacts [83]. Furthermore, traffic
congestion in the year 2015 cost the Australian economy an
estimated $16.5 billion [84]. Without major policy changes or
advancements, congestion costs are predicted to be between
$27.7 billion and $37.3 billion per annum by 2030 [85].

The application of Al and related technologies could be
transformative for safety. A study drawing upon United States
Federal Government road safety datasets found that collision
avoidance technologies such as autonomous emergency
braking, forward collision warning and lane departure
correction could prevent or reduce the severity of 1.3 million
crashes per year [86]. Another study of US highways found
autonomous emergency braking combined with forward
warning collision systems decreased front-to-rear injury
accidents on United States highways by 56% [87]. There are

also significant improvements to travel speed and convenience.

Traffic light optimisation systems can reduce travel time by
25%, braking by 30% and idling by 40% [88].

Autonomous emergency braking combined
with forward warning collision systems
decreased front-to-rear injury accidents

on United States highways by 56%.

Energy security concerns and power outages continue to
impact Australian towns and cities. Australian electricity
consumers pay retail prices that are 44% higher than a decade
ago with network costs (poles and wires) contributing 40%

of the price increase [89]. Further price rises are likely. In 2016
electricity generation accounted for 35% of Australia’s national
greenhouse gas emissions [90]. Al could help us use electricity
more efficiently with economic and environmental benefits.

Cybersecurity will be critical to the future of Australian cities.
From the risk of compromised motor vehicles [91] to protection
of the energy grid and healthcare systems, Australia will

need to address a growing and complex arena of threats and
challenges in the digital age. According to the Australian
Cybersecurity Centre’s 2017 Threat Report, losses of over

$20 million were incurred by Australian organisations due to
business email compromise (up from $8.6 million in 2015/16)
and government agencies responded to 734 individual cyber
incidents affecting private sector systems of national interest
and critical infrastructure [92]. Despite Australian investment in
security infrastructure increasing by 8% in 2017 (now totalling
$89.1 billion) the number of targeted attacks doubled from the
preceding year [93]. Approximately five million Australians are
victims of cybercrime each year [94]. The potential for Al to
help accelerate Australia’s fight against cybercrime is high.

High construction costs and unplanned cost overruns are
limiting our ability to improve our cities and infrastructure.

A recent study by the Grattan Institute [95] found that
Australian Government expenditure on transport infrastructure
over the last decade has been “unprecedented” exceeding

1% of GDP each year since 2009. The Grattan Institute study
also found that 65% of major road infrastructure projects

had cost overruns representing billions of dollars. A recent
Productivity Commission report [96] into public infrastructure
in Australia found that “there are numerous examples of poor
value for money arising from inadequate project selection,
potentially costing Australia billions of dollars” and that

“there is an urgent need to comprehensively overhaul
processes for assessing and developing public infrastructure
projects”. A study by the University of Sydney reports that

$63 billion of road infrastructure projects in Australia delivered
no identifiable improvement on economic output [97] and
were of questionable economic value.

Al can be used to help us plan, build and operate our
infrastructure more efficiently. Al can allow us to sweat existing
infrastructure assets harder and ensure we prioritise new
infrastructure projects of maximum benefit to the nation.
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8.2.2 AUSTRALIAN CAPABILITIES

The shift toward smart cities and infrastructure is a global
phenomenon with many actors developing and implementing
solutions. Our analysis has identified Australian organisations
and teams who are world leaders in developing, advancing
and deploying Al solutions which improve cities and
infrastructure. While not wholly exhaustive, the following
examples and applications illustrate the foundational basis
from which Australia can amplify its capability and establish
comparative advantages.

There is an opportunity in Australia to develop connected and
automated vehicle (CAV) technology using both cellular V2X
and dedicated short range communications (DSRC) [98]. V2X is
a technology which allows vehicles to communicate with traffic
infrastructure and other vehicles. The connectivity component
of automated vehicle design is where Australia could
potentially play a role in the global marketplace. This is an
area in which Australia is developing world-leading capability.
For example, the Queensland Department of Transport and
Main Roads is trialling Cooperative Intelligent Transport
Systems (C-ITS) in the City of Ipswich. This will see 500 vehicles
retrofitted with C-ITS devices to improve their safety and the
efficiency of the road-network [99]. In another example the
Adelaide based company Cohda Wireless supply hardware and
software used in over 60% of V2X trials globally [100, 101].

A related longstanding Australian innovation is the Sydney
Coordinated Adaptive Traffic System (SCATS). This can be used
to coordinate road signals and optimise vehicle flow across
an entire town, city or region. This Australian developed
technology has been in use for 40 years in 27 countries
worldwide [102].
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In another area of Al application, a University of Newcastle
team is researching crowd movements, specifically pedestrian
flows, and is including insights into a statistical model which
can simulate the movements of crowds [103]. These insights
and models could be used to improve public safety as well as
building use via improved design of urban and architectural
space. PSMA Australia is leveraging satellite imagery, big
data and artificial intelligence technologies to create a digital
representation of Australia’s built environment (mapping
buildings, solar panels, swimming pools, tree heights and
other features) [104].

Perth is currently undergoing a trial of on-demand

automated cars, with the Western Australia government
partnering with the Royal Automotive Club and French
company NAVYA [105]. Rio Tinto is also leading the way in
developing an automated train consisting of three locomotives
capable of carrying approximately 28,000 tonnes of iron ore
over 280 kilometres [106].

Emesent, a spin out from CSIRO’s Data61, has developed

an Al-driven LIDAR system, which is mounted to a drone to
quickly produce 3D maps of assets, offering better and faster
3D modelling for construction, maintenance and mining
applications. The system is capable of navigating complex
GPS-denied underground mines and tunnels while creating
three dimensional maps, or can be sent to map physical assets
such as towers, limiting the need for humans to perform these
tasks, which are often risky or time consuming [107].




8.2.3 OPPORTUNITIES TO EXPORT

Analysis by AlphaBeta advisors indicates data-driven urban
management will become a $20 billion to $30 billion global
market by 2028 (with $5 billion to $10 billion in Asia-Pacific),
while the market for cyber-physical security is likely to generate
global revenue of $30 billion to $40 billion and Asia-Pacific
market revenue of $10 billion to $15 billion [70].

Increasing rates of urbanisation, growing populations,
limited resources and digital connectedness of critical
infrastructure systems is a global phenomenon. By 2050 the
global population will reach 9.8 billion with two-thirds living
in cities [108] and almost 52% of the world’s people will live in
water-stressed areas [109]. By 2040 energy consumption will
increase by almost 50% [110].

By 2030 it is expected the world will have 43 megacities with
more than 10 million inhabitants [111]. In Asia alone, more than
600 million additional people are expected to move to cities
by 2030 [112]. By 2020 it is estimated 20 to 30 billion objects
will be connected to the internet-of-things requiring enhanced
cyber-physical security solutions. According to the World Bank,
global infrastructure spending needs to reach US$97 trillion

by 2040 and current predictions identify a shortfall of

US$19 trillion [113].

Worldwide the automated vehicle market
is expected to be worth US$173.15 billion
by the year 2030.

Worldwide the automated vehicle market is expected

to be worth US$173.15 billion by the year 2030 [98, 114].

Whilst counties such as South Korea, Germany and the United
States are taking the lead in the design and manufacturing

of automated cars there is much opportunity for Australia.
This is a huge and diverse marketplace with countless

niches and satellite industries which go beyond just making
automated cars. For example, vehicle-to-vehicle and
vehicle-to-infrastructure communication is an important niche
within the automated car sector which Australia could fill.

The rapid rate of urbanisation across the globe combined with
the increased human mobility and the digital connectivity of
city infrastructure will be associated with strong demand for
Al solutions.
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8.3 Al for Better Natural
Resource Management

This specialisation involves the use of Al technologies to
improve the economic efficiency and decrease the ecological
footprint of agriculture, mining and environmental
management. For agriculture this could involve on-farm
robotics for harvesting, seeding, soil tillage, crop monitoring,
weed removal, pest removal and chemical treatment
(fertilisers, herbicides and pesticides).

Al enabled information tools and robotics could be used

for more precise agricultural operations to enhance the
productivity, resilience and environmental performance of
farms. Automated mine site operations including haulage,
extraction, processing, digging and drilling may use robotics
and a range of related Al technologies. Computer vision

and automated systems could be used for monitoring and
improving the safety of minesite operations. Enhanced
mineral discovery will be possible using machine learning and
computer vision techniques to process remote sensing imagery
and geological data. Within the environmental management
sphere, improved weather and climate forecasting systems
which use machine learning and data science approaches
could more accurately predict temporal and spatial weather
patterns. Al will also allow enhanced systems for monitoring
the condition of biodiversity and ecological assets and
robotic systems for predicting, detecting and physically
managing threats.
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8.31 PROBLEMS TO SOLVE

One of the challenges (and opportunities) already facing
Australian agriculture is its shrinking and ageing workforce.
The median age of the Australian farmer is 56 years, which is
up from 54 years a decade ago, and 17 years above the average
worker age of 39 years [115]. The agricultural workforce has
shrunk by 23,000 workers in the last decade from 356,000
persons in 2008 to 333,000 persons in 2018 [116]. Over the
longer term it shows a declining trend. A smaller workforce
requires increased productivity per worker. Al enablement
can help. For example, robotic harvesting, seeding and weed
removal devices can reduce the workload for human farmers.
Robotics can remove many of the hard manual on-farm tasks.
This can allow continued growth in agricultural production
despite a declining and ageing workforce.

In addition to a shrinking workforce, rural industries are
confronted with a cost price-squeeze. Also known as the
declining terms of trade, this is a well-known challenge

for Australian farmers. It relates to the prices of inputs

(such as fuel, machinery, fertiliser) growing faster than the
prices received for outputs (the food and fibre they sell).

The Australian Bureau of Agricultural and Resource Economics
and Sciences notes over the past 40 years farmers have faced
a general decline in their terms of trade [117], which is likely to
continue. To stay profitable, farmers need to boost productivity
and/or reduce costs. Al enablement via information tools,
precision agriculture, robotics and other technologies allows
for more efficient and less labour intensive farming models.

It can help Australian farmers beat the cost-price squeeze.
Australian agriculture will also benefit from Al enabled
logistical efficiency. Many agricultural supply chains are
relatively inefficient due to relatively low volumes and high
transport distances.

Drought will be a challenge for future farmers.

According to the Bureau of Meteorology, 2018 was the third
hottest year on record, and rainfall was approximately 1%
below average with significant agricultural areas experiencing
severe drought conditions [118]. Long range climate forecasts
suggest Australia will become hotter and drier with more
extremes. Al technologies will improve weather forecasts and
climate adaptation via more controlled and precise farming
systems. Advanced irrigation systems can improve the timing
and location of crop and pasture watering. Al may also help
crop geneticists identify strains of wheat and other species that
are drought resistant.

Many species of pest animal and weed have become partially
or fully resistant to pesticides and herbicides. This means
spraying is ineffective. For example, the Grains Research and
Development Corporation recently found “Australia has the
second highest number of herbicide-resistant weeds in the
world—sitting only just behind the United States [and that]
twenty-five weed species have been confirmed resistant to one
or more herbicides across Australia’s cropping regions” [119].
This is a significant problem for farmers who have previously
relied on chemical treatment.

In mining there’s an opportunity to reduce production costs via
automation and Al technologies. The Australian Government
Resources 2030 Taskforce report [120] outlines how multiple
technologies (including automation) can be used to improve
productivity and safety, while maintaining environmental and
labour practices. The taskforce report notes that data science
and predictive technologies will play an increasingly important
role in Australian mining. Al technologies could also assist
mine restoration activities once mining operations cease.

Another challenge is the discovery of new mineral resources.
Australian mineral ore grades are in gradual and permanent
decline [121]. For example, the gold ore grade in Australia
has fallen from around 30 grams per tonne in the late

1800s, to around 3 grams per tonne today [121]. Discovery of
economically viable new mineral deposits is becoming more
difficult. Data from MinEX [122] consulting show that discovery
costs for major metals such as gold, nickel, zinc, lead and
copper have all been increasing over the past 20 years and
are forecast to continue rising. Finding ways to explore and
discover minerals at lower costs is an important priority for
the mining sector. Machine learning techniques will play
anincreasingly important role in discovering harder-to-find
mineral deposits [123].
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Within all primary industries there is an imperative to improve
worker safety. According to Safe Work Australia [124] the
accident fatality rate for workers in agriculture, forestry and
fishing industries in Australia is the highest of all our

19 industries at 16.9 fatalities per 100,000 workers

(averaged over the ten year period leading up to 2016).

The mining industry has the third highest fatality rate

(after transport, postal and warehousing) of four fatalities
per 100,000 workers. The national average across all
industries is 2.1 fatalities per 100,000 workers. Our primary
industries have much higher fatality rates. There is an urgent
need to reduce these fatality rates. Al has an important

role to play. It can upgrade onsite safety via automated risk
detection and management. Al can also remove people from
hazardous environments.

In terms of our biodiversity and ecosystem assets we face
some intense pressures to protect and conserve. Australia has
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426 animal species and 1,339 plants currently threatened under
the Environment Protection and Biodiversity Conservation
Act 1999 [125]. Deforestation across Australia is a major
contributor to biodiversity declines. In 2015/16 Australia was
one of the world’s top 10 countries in terms of deforestation
—and almost 50% of Australian forests and woodlands have
been cleared since European settlement [126]. The Great
Barrier Reef is a national icon under threat. According to the
Australian Institute of Marine Science (AIMS) coral cover on
the central GBR declined from 22% in 2016 to 14% in 2018 with
coral bleaching and crown of thorns starfish being the culprits
[127]. The Queensland University of Technology’s COTSbot is
an example of an Al technology already being used to protect
the reef. This mobile aquatic device uses computer vision,
machine learning and advanced robotics to autonomously
detect and remove the crown-of-thorns starfish. Other such

Al technologies are likely to be developed and applied to
protect the reef.




8.3.2 AUSTRALIAN CAPABILITIES

We found considerable expertise, arguably at the forefront

of the world, within Australia relating to agriculture, mining
and environmental management Al technologies. One of

the world’s leading agricultural robots is AgBot Il developed
by the Queensland University of Technology. Fully designed
and developed by Australian researchers, AgBot Il is a solar
powered robotic device which can (a) detect and mechanically
remove weeds; (b) apply fertilisers and chemical treatments;
and (c) gather detailed information about growing conditions
and crop vitality. There is a comprehensive body of Al research
behind AgBot Il which has been published in international
research journals [128, 129]. The QUT Robotics and Autonomous
Systems Group is a large team of researchers, academics and
students located in Brisbane.

The Australian Centre for Field Robotics
(ACFR) at the University of Sydney is one
of the largest robotics centres in the world.

The Australian Centre for Field Robotics (ACFR) at the
University of Sydney is one of the largest robotics centres in the
world. The ACFR “focuses on the research, development and
application of autonomous and intelligent robots, and systems
for use in outdoor environments” [130]. The technologies
developed by ACFR are in four core areas (1) sensors, fusion and
perception (2) movement, control and decisions (3) modelling,
learning and adapting and (4) architectures, systems and
cooperation of robotics and intelligent systems [130]. The ACFR
is housed within the Faculty of Engineering and Information
Technologies at the University of Sydney.

CSIRO, Australia’s national science agency, has a long history
of developing autonomous systems to improve the safety and
efficiency of all aspects of mining and minerals discovery.

For example, the majority of new underground coal mines in
Australia use the longwall automation technology developed
by CSIRO’s Data61 which improves safety and productivity.
This world leading technology has been licenced by five global
mining companies. Other Al related mining technologies
developed by CSIRO include tracking systems for underground
mines, wearable technology to give remote mineworkers
expert/visual guidance on complex tasks and continuous miner
navigation systems.

Large Australian based mining companies such as Rio
Tinto, BHP, Fortescue Metals and others are already at the
forefront globally in developing and applying automated
minesite technology.

Mining operations in the Pilbara region of Western Australia
are amongst the world’s most automated. Within this region
Fortescue operates 112 driverless trucks with a reported

30% productivity gain [131]. Australian mining company

BHP has 50 autonomous trucks at its Jimblebar site and

20 autonomous drills in Western Australia [131]. Launched in
2008 Rio Tinto’s mine-of-the-future has 140 automated trucks,
over 11 automated drills and 60% of train kilometres are in
autonomous mode [132].

CASE STUDY —
Orefox

Emerging companies in Australia are at the forefront of global efforts
to use machine learning and related Al technologies to bring down the
costs of minerals exploration. Orefox is a Brisbane-based technology
company using machine learning and artificial intelligence to analyse
large amounts of geophysical data and discover mineral deposits [4].

Orefox have gone to market with their proprietary Al-enabled mineral
exploration system that has been trained on economic gold deposits.
The Queensland University of Technology, ESRI and Unearthed are
shareholders, sponsors and supporters of Orefox.
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8.3.3 OPPORTUNITIES TO EXPORT

Across the world and especially within the Asia-Pacific

region agricultural production is expanding to meet

demand. The global food system will be expected to increase
production by as much as 35% by 2030 from a 2015 baseline
[133]. Furthermore, the global food production system is
challenged with climate variability, water availability, land
availability, crop disease, livestock disease and herbicide/
pesticide resistance. Al-enabled systems will play a critical role
in allowing the world to produce more food and fibre within
tighter environmental constraints. This means a growth in
demand for agricultural robotics, precision agriculture systems,
data driven farming methods and a wide range of Al-enabled
agricultural technologies. Australian companies developing
these technologies are likely to find large marketplaces.

The global food system will be expected
to increase production by as much as
35% by 2030 from a 2015 baseline.
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Australia’s mining engineering technology and services
(METS) sector has already grown substantially. This sector is
increasingly developing Al-related mining industry products.
According to industry body Austmine, the Australian METS
sector generates $90 billion in revenue, employs 400,000
people, and exports to more than 200 countries [134].

The coming decade is likely to see the continued development
of high quality mineral ore deposits in Africa, Asia and South
America. The new mining operations are likely to use Al in
mineral exploration and operational phases of development.
There will be vast opportunities to grow exports of Australian
mining Al to the world.

Biodiversity loss, climate change and other environmental
problems are escalating across the globe. As the newly
industrialised countries (particularly in Asia), become

wealthy they are actively looking for ways to manage the
environmental impacts of rapid industrialisation. China, for
example, has a commitment to improving air quality in cities
and regions. China’s air pollution action plan is targeting

a 33% improvement in air quality in Beijing by 2020 [135].

Right across the Asia-Pacific we are seeing a rapid and sizeable
introduction of biodiversity and environmental conservation
programs. The implementation of these programs will be aided
by Al technology. Australia is well placed to develop these Al
technologies and sell the solutions into global markets.
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For Australia to take full advantage of the potential benefits of
Al technologies it will be critical to build the right environment
for effective adoption, adaptation and development. Actions
are required to remove barriers and capture opportunities for
growth. These actions are relevant for government, industry

and community organisations.

9.1 Developing an Al
Specialist Workforce

In preparing this report, we analysed over 4 million Australian
job advertisements since 2014 of which 5,200 were classified

as being closely related to Al. We crossed referenced this data
with other datasets to forecast trends in Australia’s emerging
Al workforce. We found that Australia currently has 6,600 Al
specialist workers. This is up from 650 Al workers in 2014 and
future growth is expected. We estimate that by 2030 Australian
industry will require a workforce of between 32,000 to 161,000
employees in computer vision, robotics, human language
technologies, data science and other areas of Al expertise.
There is a wide range of future possibilities due to uncertainty
about the extent of scientific advances and the extent of
technology adoption by industry.

In addition to overall growth Australia’s Al workforce is likely
to become more geographically dispersed. In 2015 we estimate
that 89% of Al jobs were in Sydney and Melbourne. However,
by 2018 the share of Sydney and Melbourne Al jobs had fallen
to 75% of the total as Brisbane, Canberra, Adelaide and Perth
grew their relative shares. Some regional areas such as Ballarat,
outback South Australia and the NSW Central Coast also saw
strong growth in Al Workers. This is likely to continue. There
will be substantial job opportunities for Australian Al workers
in both capital cities and regional areas by the year 2030.

The new Al workforce is needed to meet the operational
requirements of industry. Already supply is failing to meet
demand. For example, Australia had an estimated 301,000
data scientists in 2017 and that figure is expected to grow by
2.4% each year until 2022. This contrasts with average annual
job growth for the entire labour force of 1.5%. Data science
workers with postgraduate IT qualifications are expected to
see average annual salaries rise from approximately $111,634 to
$130,176 in this period [136].

Australia had an estimated
301,000 data scientists in 2017
and that figure is expected to
grow by 2.4% each year until 2022.

Advanced mathematics and computational logic are core skills
required within Al. The evidence from education research
suggests we need to build these skills early. For example, a
longitudinal study [137] of 1,364 children in the United States
by Researchers at the University of California—Irvine found
that mathematical skills at age 4.5 years accurately predicts
mathematics achievement at age 15 years. The study also found
improvement in mathematical skills from kindergarten to first-
year was an even better predictor of adolescent mathematics
capability. This and other similar studies [138] provide strong
evidence for improving the quality of mathematics knowledge
and skills in kindergarten, prep and junior school in Australia.

Of importance are skills in advanced mathematics which are
needed for Al development and application. However, data
from the Programme for International Student Assessment
(PISA) published by the Australian Council for Educational
Research (ACER) shows that Australia’s relative ranking in
mathematics skills, compared to other countries, has been
declining since the year 2003. According to ACER the PISA
survey is an assessment of the ability of 15 year-olds to

use mathematics skills to meet real life challenges [139].
Given that mathematics is a foundational skill for Al, this trend
is of concern.

Overall, Australia needs to train and educate an entire new Al
specialist workforce to meet the current and future operational
needs of industry. Schools, universities, technical colleges and
private training providers will all play a role in developing
these skills. The training imperative relates to young and old
workers at all stages of learning. This will require a mix of
strategies catering to the unique needs of individuals.
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Australia’s ICT Workforce

According to a recent study by Deloitte Access Economics and the Australian Computer Society [3] the entire information,
communications and technology (ICT) sector workforce — which is closely aligned to the Al workforce — contained
663,100 workers in year 2018. This is up 3.5% or an additional 22,300 workers from the previous year.

Demand for ICT workers is forecast to grow to a total of 758,700 workers by 2023 at a rate of 20,000 additional workers

per year. This represents a challenge for Australia.

Australia produces only 5,000 domestic ICT university graduates per year. Whilst not the full supply of ICT skilled workers

this falls well short of industry demand.

However, the prospects for developing Al specialist skills are good. Our analysis found that within Australia’s ICT workforce
there are approximately 500,000 workers who have the right foundational skills and aptitudes to specialise in Al.

This includes around 470,000 people already working in the top ten Al-relevant occupations such as software
programming, computer networking, web development and ICT management [10], prime candidates for upskilling in Al.

9.2 Career Transitions
and Skills Upgrades

Most Australian workers won’t need to develop Al specialist
skills; however, their jobs are likely to be impacted in some
way by Al and related digital technologies. According to a
recent report from the World Economic Forum [140] Al will
displace 75 million jobs and create 133 million new jobs leading
to a netincrease of 58 million new jobs by the year 2022 in the
world economy.

This is creating a career retraining and transition imperative.
A recent study by Google and consulting firm AlphaBeta [141]
found Australian workers will, on average, need to increase
time spent learning new skills by 33% over their lifetime and
that job tasks will change 18% per decade. The need to upskill
is primarily because digital technology (including Al) will shift
the workforce skills demand profile. Some of the new skills
needed will be of a technical nature. However, as Al uptake
increases there will be considerable emphasis on human skills
such as creativity, judgement, reasoning, communication and
emotional intelligence.

Australian workers will, on average, need
to increase time spent learning new skills
by 33% over their lifetime and that job
tasks will change 18% per decade.
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Whilst previous generations needed literacy and numeracy

to get practically any type of job, future workers will also

need digital literacy. Digital literacy implies an ability to
interact with, and effectively use, advanced information and
communication technologies. However, these three capabilities
of literacy, numeracy and digital literacy won’t be enough for
most workers. To get the right job in the right place with the
right salary and good career prospects people will need
well-rounded skills and well-rounded knowledge.

For example, a study by researchers at Harvard University [142]
found that between 1980 to 2012 jobs involving high levels of
social interaction increased by 12%. In contrast they found that
math-intensive but less social jobs shrank by 3.3%. Although
relating to a dataset over seven years old this study does show
the importance of softer skills alongside pure mathematics
and/or technical skills. Another study by researchers at Indiana
University in the United States found that “in an increasingly
data-driven economy, the demand for soft social skills, like
teamwork and communication, increase with greater demand
for hard technical skills and tools” [143].

Overall digitisation and automation of tasks will require
workers to transition their careers from lower-demand areas
to higher-demand areas. Individual workers, governments and
companies can take actions — such as retraining, upskilling
and reskilling — to make earlier (and better) career transitions.
There will be a mix of technical and human/social skills and
knowledge needed by employers. Technical skills on their own
may not be enough to get a desired job.



Workforce upskilling —
Micro-credentialing

One of the strategies helping existing workers acquire
critical skills for the future is micro-credentialing.

A growing number of Australian universities are offering

micro-credentials to provide workers with digital skills
via short, sharp and highly targeted training programs.

For example, with campuses in Sydney, Brisbane,
Melbourne, the Blue Mountains, Adelaide and
Auckland, Torrens University is partnering with IBM to
deliver both degree programs and micro-credentials
in cloud computing, big data and Al [5].

In another example the University of New England

in Armidale is offering bespoke courses which allow
students to choose specific subjects they need to
acquire specific skills and knowledge relevant to their
career trajectories. Many of the bespoke courses are
in areas relevant to data science and Al [8].

9.3 Data Governance and Access

In most applications, Al depends on large, detailed and diverse
datasets. Machine learning applications often need a “training
dataset” which allows the algorithm to be designed, tested
and improved before being applied in the real world. Access
to training datasets has become one of the most critical and
complex stages of Al development.

For example, Google company DeepMind started working
with the United Kingdom Royal Free Hospital in 2016

to detect and diagnose acute kidney injuries (AKI) with
machine learning techniques [144]. The main challenge for
this life-saving technology was not designing the machine
learning algorithms; the main challenge was handling 1.6
million detailed patient medical records with sufficient levels
of privacy protection. The United Kingdom Information
Commission (ICO) identified some concerns relating to patient
awareness and consent about how their private data was being
used [145]. Development of these technologies will depend on
all parties involved resolving the legal, ethical and practical
challenges of data access. A large number of highly beneficial,
and life-saving, Al applications in health, transport, law
enforcement and other sectors hinge upon data governance.

Better access to high quality, labelled datasets will improve the
training ground for Al systems. There are already substantial
open data and related initiatives happening in Australia,
examples include data.gov.au and the Australian National

Data Service, but more can be done. Al developers also need
certainty and guidance around what represents ethical and
acceptable use of private data. This requires attention to

“data creep”; the gradual increase in the comprehensiveness
and granularity of data held by organisations about people
which, when cross-referenced to other data, provides

even more detailed personal insights. Organisations will
increasingly be challenged with achieving data integrity
whereby people’s private and confidential information is
properly protected and managed. Issues related to the ethical
handling of data within the context of Al are covered in more
detail in the Al ethics framework [146].
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9.4 Building Trust in Al

Trust will be essential to achieve widespread adoption of Al and
this has been the focus of the Australian Government’s Al Ethics
Framework released in 2019 for public consultation.

Three main issues have been identified which make trust
important for Al adoption. Firstly, an Al system typically involves
the surrender of some level of human control to a machine.

The user needs to trust that the Al will do the task at least as
well as, if not better than, a human in terms of safety, efficiency
and overall quality. Secondly, many Al systems acquire, analyse,
transmit and store private and confidential data. The user needs
to trust the Al system won’t inappropriately divulge or delete
personal information. Thirdly, due to the complexity of its
internal workings Al is often a black-box to users; people can’t
easily know how advanced Al is working. The user will need

to trust that the Al product is doing what it is supposed to do;
they won’t be able to see or verify its operations. These three
factors mean that Al developers have a significant trust hurdle
to clear, including perceived risk, before consumers use (and
buy) their products.

For example, the driver of an automated vehicle needs
considerable trust before surrendering control to the machine.
So too do the traffic authorities. People are likely to insist

upon higher standards of comfort and safety performance

for automated cars compared to human driven cars. A survey
conducted by the American Automobile Association [147] shortly
after the fatal Uber automated car incident in March 2018 found
that trust in automated cars is declining (not increasing).

The survey found that 64 percent of millennials would not

ride in a self-driving car; up from 49 percent previously. Older
generations are even more distrustful with 71 percent of baby-
boomers and 68 percent of generation-x indicating they did

not feel safe in an automated car. Widespread adoption of
automated vehicles won’t happen until people trust the products.

Researchers from Zeppelin University in Germany studied how
people develop trust in Al within transport and healthcare
settings [148]. They used a case study approach which examined
the Daimler Future Trucks 2025 project, BMW automated cars,
the use of IBM’s Watson in healthcare settings, the Care-O-bot
robotic device developed by the Fraunhoffer Institute to care
for the elderly in their homes and several other Al products.
The researchers find that trust needs to be achieved by the Al
developer in two ways: (a) trust in the technology and (b) trust
in the company. Trust in the technology comes from building
effective user interfaces, product manuals, scientific data,
technical explanations, scientific reviews and visible trials.
Trust in the company comes from the company’s track record
of prior success and failure with Al products which builds a
reputation over time. Trust in the company also comes from
their overall level of transparency.
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9.5 Science, Research and
Technology Development

As a new and emerging field of science and technology

both pure and applied R&D is needed to unlock the benefits
of Al for Australia. Many proposed Al systems represent
early stage ideas or theories about what may be possible.
However, they cannot be safely or effectively applied in the
real world because we lack sufficient knowledge to make
them work properly. For example, if we are to achieve level
five automated cars (i.e. fully automated in all conditions) we
need scientific breakthroughs in computer vision and machine
learning which have not yet happened. Such breakthroughs
depend on pure theoretical research in mathematics, physics
and other scientific fields.

We will also need applied R&D to identify how to implement
many off-the-shelf Al products within the context of existing
supply chains or business processes. That’s because a novel
Al system may involve a very different way of doing business.
For many companies Al is an unknown quantity offering
substantial opportunity but also risk. Implementation of Al
systems typically requires an intensive process of trial and
error involving applied R&D to determine what works and
what does not work. In all areas of application R&D will allow
us to conceive, design, build and test experimental Al systems
in novel contexts.

R&D can be viewed as a pipeline of future
opportunity for the Australian economy.

The most recent OECD data shows Australia spent 1.9% of GDP
on all types of R&D compared to the OECD average at 2.4%
and China at 2.1% [149]. In the fiscal year ending June 2016

all of Australia’s businesses combined spent $16.7 billion on
all types of R&D [150]. However, companies such as Amazon
($31 billion/yr), Alphabet (Google) ($22 billion/yr), Intel

($17 billion/yr) and Microsoft (517 billion/yr) [151] are spending
heavily on R&D; much of which is Al related. Alibaba,

Tencent and Baidu from China are also making large Al R&D
investments as are many companies worldwide.

The investments being made by these companies fund deep,
blue-sky and discovery science in addition to applied research.
These, and other such, companies will use their advanced Al
technologies to compete with Australian companies at home
and abroad. Many sectors of the Australian economy will
need to put more into the research and development pipeline
today to stay competitive by the year 2030. We'll need R&D to
unlock the value of this highly complex, novel and uncertain
technological capability.



9.6 Digital Infrastructure
and Cybersecurity

Digital infrastructure is needed for the acquisition,
transmission, storage and analysis of data. Al won’t work,

and can’t be developed, where there’s insufficient digital
infrastructure. This includes a requirement for access to secure
high performance computing and the development of sensory
systems in addition to fast internet connectivity. For example,
the development and application of agricultural robotics will
be limited in rural areas without sufficient connectivity. Due
to the vast areas of remote land with low population density
Australia is challenged with ensuring cost effective high speed
internet across the entire continent. As part of Al enablement,
we will need to target digital infrastructure upgrades to
geographic regions and industry sectors where needed.

The Australian Government Department of Communication
and the Arts administers the Mobile Black Spot Program and
the Regional Connectivity Program which provide funding

to improve telecommunications across Australia. The Mobile
Black Spot Program is investing in mobile telecommunications
infrastructure to improve mobile coverage; especially along
major regional transport routes and in small communities. The
Regional Connectivity Program is being developed to target
investment in a range of technologies to maximise economic
opportunities and region-wide benefits for regional, rural and
remote Australians. These and other such programs will help
develop digital infrastructure vital for the Al enablement of the
Australian economy.

Another critical requirement for Al enablement relates to
cybersecurity. The shift from human controlled to Al systems
is associated with an increased cybersecurity hazard. Al will
also be used by cybercriminals to create new forms of risk and
vulnerability. Achieving higher levels of cybersecurity, and
developing entirely new systems of cybersecurity, will be vital
for achieving Al enablement of the Australian economy.

9.7 Standards, Interoperability
and Ethics

The rise of Al will require new standards relating to Al system
performance, safety, levels of transparency and explainability,
autonomy, privacy, interoperability, data security, data
acquisition, data ownership, data quality, data formats and
data storage. The International Standards Organisation

(ISO), the American National Standards Institute (ANSI) and
Standards Australia (SA) are actively working in this area.
Standards and system validation will be important ways for
developing improved trust which will be vital for achieving
widespread adoption of Al. In addition to standards is the
issue of ethical application. Al represents an opportunity for
improved fairness, transparency, equality of opportunity and
overall ethical outcomes. However, it is a powerful technology
and comes with risks for negative outcomes. An Al Ethics
discussion paper [146] accompanies this document. It provides
a set of principles and tools for ethical Al supported by
numerous case studies.
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10 CONCLUSION

Humanity is in the process of building machines which have the
ability to learn themselves without explicit human guidance.

Al is already coding its own Al. We are witnessing the
convergence of powerful technologies with unknown future
possibilities. That’s why the world is waking up to Al and that’s
why this document has been written. The ability of the machine
to learn represents a new way to solve our most challenging
problems. This can boost the productivity of Australian industry
and improve the quality of life enjoyed by current and future
generations of Australians.
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