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New technologies 
that are 
changing/developing 
rapidly that we need 
to be aware of

And do we need to change to 
make the most of this?
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• Our changing world

• Action needed

• Way forward
• This involves start-ups and SMEs



The world is changing and 
there are lots of challenges



Technology becoming ubiquitous ….. fast!



But our world has been 
changing really fast since 1900 
and accelerating
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Major challenges for Australia
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Australia’s Greatest Challenges

Resilient and 
Valuable 

Environments

Food Security 
and Quality

Health and 
Wellbeing

Future 
Industries

Sustainable 
Energy and 
Resources

A Secure 
Australia and 

Region



Information is growing at 
exponential rates….

Why can’t we solve these 
problems?



The volume of information 
available is incomprehensible
i.e., not comprehensible
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#1 Future science will be 
disrupted by digital



Digital Capability + Domain Science=Data as the “new oil”

https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-re source-is-no-longer-oil-b ut-data

Risk of data 
concentration  in 

private 
monopolies

Integration of
massive diverse 
data sets – new 
breakthroughs

Sensors & 
automation -
feed real time 

decisions
and actions

Dataset 
access critical 
& contested

Digital ecosystem
co-operatives 

emerge



Increased investment 
in digital capital lifts 
output

Digital technological 
progress improves 
productivity

Growth of domestic 

digital industries

Growth of digital 
exports as digital 
industries capture 
new markets

Australia’s $315B Opportunity

Source of economic value from digital 
industries

Digital 

industries

Existing 
industries

SOURCE: Alpha Beta 
Digital Innovation 
Report
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Australia’s share of advanced 
economy average

71
%

67
%

20
%

Australia relatively 
successful

Australia 
relatively 
unsuccessful



#2 Breakthrough science and 
technology is emerging



Benefits➔

Exponential growth and convergence of General Purpose Tech
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Advanced Materials and Processes



SYNTHETIC BIOLOGY

Moore's law: the number 
of transistors on integrated 
circuits doubles 
approximately every two 
years

C
a
p
a
c
it
y

T
ra

n
s
is

to
rs

/c
h
ip

D
N

A
 
b
a
s
e
 
p
a
ir
s
 
p
e
r 

p
e
rs

o
n
 

p
e
r 

d
a
y

Transistors/chip

Writing DNA

Reading DNA

Year

Reading DNA is cheap2001: Human 
Genome 
Project 

$100 M USD

Now: 
$1000/ 
genom

e

Log 
Scale!

Writing DNA is getting cheaper

DNA as a data storage medium?



BioIndustry: Design-Build-Deploy

• Intersection of biotechnology, information 
technology, manufacturing and automation

• D-B-T engineering 

• Modular, plug-and-play DNA parts, truly 
predictable behaviour

• High-throughput design and construction

• Open frameworks for data and parts sharing

• Disruptive - will drive innovation in many 
disciplines

• AI will speed this cycle

• Bioelectronic hybrids will provide ultimate 
connectivity

• Transdisciplinary research and social science 
are key

Parts library
• ORFs
• Regulators
• Vectors
• Primers

Design DNA workflow generation and tracking

Amplify & Assemble

ZAG

Transform, pick & miniprep

NGS

Inventory

Quality control

HT CultivationAnalyticsParallel fermentationScaled fermentation
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AI increasingly underpinning everything

DARPA S&T PRIORITIES – SEP 2018

1. Artificial Intelligence 
2. Cyber deter, resilience, attribution, 

offensive capabilities
3. Biothreats sense and mitigate
4. Weapons of Mass Terror in Cities 

chemical, biological, radiological or 
nuclear warfare

5. Hypersonics offensive & counter
6. Space new architectures/paradigms eg

mesh satellite comms
7. EM Spectrum control AI, collaboration 

machine enabled
8. Robotics SubT Challenge
9. Social modelling societies, behaviour
10.Fundamental technologies electronics 

& leapfrog

‘AI is my #1 priority’ 
DARPA Director, Steven Walker, Sep 2018

AI can enable all of this 
to move at a faster pace



So what does the future hold for science 
research? 

How will new tools such as big data, 
automation, artificial intelligence and 
machine learning impact the everyday 
scientist?



Future labs, field work and infrastructure

Animal testing ➔ organs on chips
Genome foundry ➔ cul tured / artificial 
tissue

Wet labs ➔dry. Manual ➔ automated. 
Data visualisation ➔brain computer interface

Manual infield ➔hi-fi infield ➔ubiquitous 
sensors + space 2.0

Pawsey upgrade 2019  ➔ advances (AI, 5G, 
quantum)  ➔ubiquitous eResearch infra..



New ecosystems in S&T

A utility play

Tokenisation 
driving new economy
in science

Open Science
data sharing and 
co-operation

Open innovation 
co-creation & challenge 
models

Publications and 
Peer Review 

Open access
Open source / open data
Arxiv
Crowdsourcing reviewing
Repeatability / Statistical Significance
Integrity

https://medium.com/deip/how-tokenization-drives-the-new-economy-for-science-2ac21f62df1b



New Capability to assist:
Artificial Intelligence / Machine Learning
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01

Data Driven 
Learning
The prediction of 
variables or attributes 
from high dimensional 
data streams

04Model 
informed AI
Using Models and 
data driven 
approaches for 
enhanced 
prediction

02
Feature 
Extraction

Automated Identification 
and extraction of features 
from data such as images 
and sequences.

03

Data 
Platforms

A robust data 
ecosystem for AI 
and Machine 
Learning

X-cutting
• Ethics, 

responsible 
research

• Robustness 
and causality

• Explainabilit
y



Future Science

• More data driven science – more data streams and the 
ability to learn directly from data without process 
conceptualization.

• Scientists will be augmented – better interfaces (eg
speech,  gesture, cyberphysical) and intelligence (learning 
to work with humans).  How do we collaborate and 
communicate with machines?

• More complex tasks will be automated using new 
techniques such as reinforcement learning – computers 
learning from computers.

• Explosion in tools to understand and exploit data types 
such as image/video, speech and text.

• Science publications will use formats understandable by 
computers so that complex reasoning can occur 
automatically.
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#3

Where does Australia fit 
in with solving these 

interconnected 
challenges?



Our place in the global science sector

2-3% 
World’s research
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But our collaboration 
and translation sucks

Bottom of OECD



Can we reorganise 
ourselves to do better?



• CSIRO’s applied research investment and commercialisation capability is an area of relative 
strength, although universities have been growing their focus in this area

Our place in the complex innovation system

COMMERCIALISATION
PARAMETERS

GO8 
UNI’S

AUS. 
UNI’S 
(EXCL. 
GO8)

CSIRO

Avg revenue yielded
from active LOA

$9M $0.4M $37.5M

Avg research 
commercialization 
equity holdings

$6.3M $1.6M $13.5M

Average no. of 
dedicated 
commercialization
staff (FTE)

12 2 93

Sources: ABS Data 2016, CSIRO Annual Report; National Survey of Research Commercialisation

3% 30%

Ecosystem



Ecosystem Model vs Institutional

• ‘Valley of death’ services: incubation, prototyping, development, 
commercialisation, funding

• Continual innovation platforms: open innovation, connecting 
needs to ideas and solutions

• Talent platform: expert connect, accelerated learning, frictionless 
mobility (students, industry, govts, research)

• Research platform: assured, open, cooperative network -
tokenisation of research, open science, citizen science

• Data platform: connecting research system to exponential data and 
applications to derive value from it

• Secure, high performance computing infrastructure



• Connects the system

• Provides virtual scale

• Lifts productivity

• Enables Data and High Power Computing Access

•Accelerates innovation

ECOSYSTEM MODEL vs Institutional



Science and impact of teams

Disruption comes from small teams

Impact comes from big teams

Team size

Citations 
above 
average



Small Projects to large critical mass sized missions to 
address these challenges from big to small

Build world’s 
best teams

Inspire the 
nation

Attract talent

Provide 
confidence to 

student choosing 
careers

Start-ups SMEs 
and Multinational 
to invest  here in 

Australia

Scale and focus

Focus on what is 
needed

Linking the sector for 
greater impact

Address 
challenges



“Collaboration R us”
Innovation is a team sport
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We work with

of RDCs

We’ve worked
with

of 200 CRCs

Customers 
(20% of ASX 200)

FEDERAL
STATE

& LOCAL
GOV’TS

SMEs with 50+ 
researchers in 

business projects

ALL
AUSTRALIAN
UNIVERSITIES

and PFRAs

international 
partners from 
80+ countries

EXCELLEN
T 

SCIENCE
MASSIVE
IMPACT

from offshore 
sources

Producer of 
research relevant 

to Australia’s 
Strategic Priorities

LARGEST

139

3000 1200 150 $140m

90%

Example:



Success of addressing 
big challenges needs a 
supply chain of small 
businesses  

#4 To deliver on any vision:



Helping start-ups and SMEs via Collaboration Hubs

14
Companies 

152
Headcount

(186 incl
departures)

~1300m2

Lab and office 
space occupied

2
Start-up 
closures

0
In the boarding 

lounge

4+
Pipeline of 
inquiries

115
Maker space 

users

$1.5m
NSW Industry

4yr support

Baraja Pty Ltd $0-$145M in 4 years

Optical device research solution

Assisting high-tech start-up to accelerate and de-
risk product development.  Co-located at CSIRO 

Lindfield



Facilities to scale up
Lab22 RAMP

Chemistry Flexible 
SOLAR/ 
batteries

HT Battery

Scale-Up

Ability to scale up
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Sustainability

•Move to zero carbon products
• Provenance
• Circular economy
•Design for recycling
• Sustainable feedstocks
• Sovereignty especially for defence 
•Duel use export 
• Potential disrupted exporting
• Platform capability that has duel use



Technology that is needed
Business model that works
Easy/seamless to adopt
Government regulation

Success needs: 



20 years

http://www.google.com.au/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=9KJetaufTGVM7M&tbnid=n0WgNv4xzfcNtM:&ved=0CAUQjRw&url=http://www.stoa.org.uk/topics/bright-ideas/index.html&ei=ahLCUb_UG8fzlAX5y4D4DA&bvm=bv.48175248,d.aGc&psig=AFQjCNGXcvQRP2KbghYu-Mk29znaQquWkg&ust=1371759557171072
http://www.google.com.au/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=gUuIcNnVcZ6gcM&tbnid=a_QOyJJfAqf0xM:&ved=0CAUQjRw&url=http://freelanceswitch.com/the-business-of-freelancing/developing-products/&ei=phPCUaeZFoypkAWw-YGAAQ&bvm=bv.48175248,d.aGc&psig=AFQjCNFvBWTd_KSE6g8SQbCkfvvMlDUSVA&ust=1371759843426945


RHF joins SUEED to 

work on Mills Cross

Collaboration with 

Bernie Mills 

commenced - RHF 

joins group - also 

works with Hanbury  

Brown

Johns Perry

Sy dney  Engineering 

etc

Dav e McGrath 

joins RP

Dav e Skellern joins 

Macquarie as Prof  of  

Electronics

Neil Weste 

recruited to

 Macquarie

JA joins 

RP to run

 GaAs Prog

License f or 

technologies

Radiata f ormed 

by  Dav e , Neil 

and Terry

JOS joins 

RP to

 run SP Prog

Chin Kwong

leav es to 

start company

Paul Jackson 

completes PhD

Graham Daniels 

mov es as well
Chris Joins SUEED

Looks f or Big Project 

to prov ide PG training

Bernie Mills 

joins SU Phy sics - 

gets US f unding

Graham Daniels joins 

CSIRO

TP Joins 

RP

Work started 

on FST

DNC and Geof f  

Poulton mov e to new 

program

RHF completes PhD - 

joins FST project and 

academic staf f  and 

superv ises students

Join O'Sulliv an joins 

News Ltd

then Radiata

RHF Joins RP 

with plan f or 

rebuilding RP

1980

Australia 

Telescope 

Proposal and 

f unding

CSIRO VLSI 

Program

Craig Mudge

Signal Processing

Antennas

Microwav e circuits 

and GaAs 

Program

AT Antenna 

Design under 

DNC - Asst Chief  

- ex Interscan

OTC Antennas 

Gnangarra and 

Vietnam

$100M estimated 

return to Australia

(Peter Meulman)  

Jon Ables Correlator Chip 

Dev elopment

Warwick Wilson dev elops 

correlator  

Australia 

Telescope

VLSI Design 

capability  f rom 

VLSI program

FFT Chip Design

FFT Chip

John O'Sulliv an

IR&D f unding

Dav e McGrath 

and Brian 

Connolly  start 

Lake DSP

$30 M Cap

A4 Chip f or audio 

applications

Accusound 

Loudspeakers

IEEE Standard

Funding f or collab 

program with RP 

through Macquarie 

JRC 

RADIATA gets 

START f unding 

and

Dev elops chip 

AUSTEK 

Microsy stems

Fleurs Giv en to 

SUEED

Dev elopment of  

FST as basis f or 

EE PhD projects

Mills Cross 

commenced

Chris inv olv es 

Ron Aitchison, 

Cy ril Murray  an 

Ian Docherty  in 

new projects

Summit Sy stems Datamax

Dav e Skellern 

completes PhD - 

sets up Comms 

Lab at SUEED - 

establishes 

collaborations with 

HP etc

John O'Sulliv an 

completes PhD 

and goes to 

Holland

JDOS' PLANS 

Program - FFT 

techniques in 

Wireless 

Networks

CSIRO Div  of  

Radiophy sics

circa 1960

RHF

AWA, OTC, 

Ducon

Radiata 

demonstrates chip 

- bought out by  

CISCO

$600M 

Aussat Antennas

Galaxy  antennas 

etc

Multibeam 

antennas   

Radiata builds up 

staf f ing

Neil Weste completes 

PhD in Adelaide and goes 

to USA to Bell Labs, 

Sy mbolics then TLW

Neil Weste writes now 

classic  book on 

CMOS design with KE 

Transconductance 

Multiplier

Exicom 38 GHz 

links

A Cosmic Genealogy

1991 strategy

meeting   

John Archer 

completes PhD 

and goes to USA

Summit taken 

ov er by  Datacraf t

Terry  Perciv al 

completes PhD, 

joins AT project 

then OTC

Continuing RA 

program, 

ref urbishing 

Parkes + NASA + 

ESA etc, etc

Foundations

Strategy

Parkes Telescope

completed   

Culgoora

Raf ioheliograph   
Interscan

Def ense

contracts

Triune startup

(f ailed)

Corrugated f eed 

horn - BMT

Wireless Lan Patent - 

O'Sulliv an, Perciv al, 

Deane, Ostry , Daniels

Mead Conway  

Neil Weste 

President of  

Sy mbolics

of WIFI



Accelerating cycles

Hype Cycle 
2040?

Gartner Hype Cycle 2018



A way forward

World is changing
Major challenges ahead
How we do science is changing
Adopt the opportunities of materials, synbio, quantum, ML/AI and data 
Solutions will be inter and multi-disciplinary
Recognise that the way forward is messy
Every solution requires new industries/businesses to realise translation 

– this is where you come in
Work with government, academia, PFRAs, industry – locally and globally



Thank you!


