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Disclaimer

« The views and opinions expressed in this
presentation are those of the author and do
not necessarily reflect the official policy or
position of any other agency, employer or
organization.

« All information presented is general in nature
and does not take into account your personal
or organization’s situation.

« All information is provided without guarantee
on the part of the presenter.

« The presenter disclaims any liability in
connection with the use of this information.
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About Us

Our centre Our research programs

Physical Led by Distinguished Prof
interaction Peter Corke

/U\§ Formed in January 2020

Continues on from over 10

Perce ption & Led by Professor
localisation Michael Milford

years of investment in
Robotics at QUT

Decision & Led by Professor

Initial 4 years with option to

continue Jason Ford

control

Visual learning & Led by Assoc. Professor Niko
7% understanding Suenderhauf

100+ members, including Human

16 Cls, 19 Als and 50+ . .
HDRs Interaction

To be at the forefront of
research and innovation in
intelligent robotics

A

Still in formation




Robotics, Automation & Autonomous Vehicles at QUT

AGBOT Il FIELDTRIALS

SAMFORD ECOLOGICAL RESEARCH FACILITY (SERF)

o
New $44M ARC Centre of

fa Iy | Centrefor ARM ARC Indi Excellence bid with
obotics .
Advanced Robotics Transformatic Defence component
for Manufacturing Centre for Co " s
RObOtics in Neuroscience-Ins .iredil;e.rce tion,’Navi ation, and
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VISION Machines
Australian Researc That Think

ARC Industrial (#  Special Research In With People £ ek K
Transformation Excellence in Antar ﬁl ﬁ

Training Centre Securing Antarc , : ] »ﬁ- )
for Joint p Environmental Future’ (SAEF) | . % *\ﬂ
Biomechanics research program ' )

5 Intelligence

from the reef to the cloud




F%Fﬁ'ing the Divide Between World Class Fundamental Research with
Deployed and Fielded Autonomous Systems up to High TRL Levels

QUT Centre for Robotics



Collaborations and Connections with Over 100 Leading International
Companies, Startups and Universities

SANWREE

Y

Beyond defence, a significant number of the Fortune 500 and top 100 universities

NS




Qu Centre for
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Flexible Working Models:
Teams: From Single Team Projects to Major International Collaborations

Nature of Work: From blue sky fundamental research to high technology readiness level

Example 1

THE UNIVERSITY OF
MELBOURNE

AUSTRALIA

Neuro-Autonomy

Spatial Awareness ;?" Autonomous Robots

MACQUARIE
University

Up to $15M funding

a 3 year project extendable to 5 years

funded by Defence Science Technology (Australian-side)
and Office of Naval Research (US side)

24 successful bids out of 295 proposals, 8% success rate.
6 universities: MIT, BU, Uni Melb, QUT, Macquarie and
UNSW including many long term collaborators with QUT

H B Massachusetts
I I Institute of

Technology

5 UNSW

Neuroscience-Inspired Percé}tion, Navigation, and,

Example 2

Rheinmetall Autonomous Combat Warrior (ACW) Program (w/ CSIRO, DSTG, RMIT)
Advanced Terrain Detection (ATD) for Autonomous Ground Vehicle

in collaboration with CSIRO/Data61

Terrain traversability estimation using sensor data fusion

Semantics: identify mud, water, rocks, sand, vegetation etc.

+ 3D information (Geometry)

=> Traversability for Autonomy
E

for Robotics



> 10,000,000
Roombas sold

My robot vacuum cleaner
foolishly attempting to
escape down the stairs
during experiments




Robotics
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IEEE Spectrum: DARPA Grand Challenge

https://www.youtube.com/watch?v=g0TaYhjpOfo Boston Dynamics: https://www.youtube.com/watch?v=fRj3404hN4l



Robotics and Automation

e =
R
Half hour run time L
Price likely in the low to mid 6 I8 »
30ston Dynamics

Boston Dynamics: https://www.youtube.com/watch?v=fUyUSIKzoio
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Ports and Mining

Our business Investors Careers Media

[Global home > Media > Media releases > Rio Tinto to expand autonomous fleet as part of $5 billion

Automation occurring relatively quietly
R in the background, out of direct sight

JRio Tinto to expand autonomous fleet as part of
$5 billion productivity drive

itnews

= Rio Tinto to expand autonomous fleet as part of $5 billion productivity drive . - - S . v
" PDE 102 KB GOVERNMENTIT = SECURITY FINANCEIT TELCO BENCHMARKAWARDS LOGIN SUBSCRIBE Q

Rio Tinto will expand its fleet of autonomous haul trucks at its world-class iron ore operations in
he Pilbara by more than 50 per cent by 2019 after signing agreements with leading
manufacturers Caterpillar Inc. and Komatsu Ltd. to convert traditional trucks to autonomous

Brisbane Port moves closer to full

total of 29 Komatsu haul trucks will be retrofitted with Autonomous Haulage System (AHS) °
technology starting next year. The project at the Brockman 4 operation is scheduled for auto matlon
ompletion by mid-2019, allowing the mine to run entirely in AHS mode once fully deployed

d autonomous fleet
t 80 aut us

dn ou d

Second major tenant completes robot

trucks operating at (;ur iron ore mi
3 rollout.

Stevedoring firm DP World Australia has taken the wraps
off $250 million in upgrades designed to enable "semi-
automated" operations at its Port of Brisbane container
terminal. The company — which is majority-owned by
Citigroup — has invested in 14 automated stacking cranes

for Robotics



Centre for
Robotics

ferret Mifiing  Manufactirers.ee.. Food&Beveiaise

LOGISTICS &

MATERIALS HANDLING

Coles plans to build two new automated distribution
centres
@ October 8. 2018

pr FINANCIAL REVIEW

Woolworths to take wraps off automated warehouse

TESpn—

Logistics

the background out of direct sight

QUT Centre for Robotics



Hardware is HARD

Progress will usually be relatively
slow with anything affected by the
laws of physics, e.q.:

e energy storage,

 sophisticated physical robot
components like hands &

grasping,
dynamics of walking




Centre for
Robotics

Some of the Key Technologies

l o ot :A.- #T«".ﬁ#; :
L 7

Navigation

Sensing and
Understanding

QUT Centre for Robotics



Autonomous Vehicles:
Current State of Play
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=™ Massive Consolidation of Key Players

Goagle

Self-Driving Car Project

QUT Centre for Robotics



Tech Company Corporate Example: Waymo/Google

Other key companies:
*  GM Cruise

Tesla

Hundreds more at varying

-

https://www.youtube.com/watch?v=uHbMt6WDhQ8



High Profile Incidents and Low Profile Benefits

Crash
attenuator

l TEMPE |

P ”l DEADLY CRASH WITH SELF-DRIVING UBER |

123rf.com / Tomasz Wyszolmirski
https://www.forbes.com/sites/bradtempleton/2019/05/03/lawsuit-over-tesla-autopilot-fatality-unlikely-to-win-but-it-uncovers-real-issues/#57b4a8f76034

QUT Centre for Robotics



The Big Challenge: Human Interaction

LEFT REARWARD VEHICLE CAMERA
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L https://www.yettube.com/watch?v=VG68SKoG (v
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Corner Cases and Generalization







CAME

A-BASED

https://www.youtube.com/watch?v=C5s1ucmiACU

Provides position, good for
journey planning
Satellite-based, not 100%
reliable (tunnels, urban
canyons)
“Autonomy-enabling” still not
universally available (drop
outs, accuracy, latency)
Almost universal assumption
that it can’t be used as
primary source of positioning
information




\' +  Can see througt fog, smoke,

somerain
Coarse resolution, no fine
flatall 4 Y L
| Primarily used for collision’
safety with people, vehicles
and the environment .~

- Moderate to' ive price




« 3D scan of range to all line of
sight objects in all directions

* Medium resolution, high
range accuracy

» Disrupted by heavy rain,
particulates

« Good for detecting vehicles,
pedestrians, mapping and
positioning

Expensive

: a
ot e ) o s
v S L - .

In-car photo by Michael Milford. Google Self-driving Car, Velodyne




StlII some mnovatlon N the area e.g. Baraja

Driverless car start-up Baraja worth $145m after
latest fundraising FINANCIAL REVIEW

https ://www.baraja. com/ product/

FTTLE - H




PREPARE
TO STOP

Richest source of information
High resolution
Ranging to objects difficult

Affected by environmental conditions
(day-night, weather, atmospheric
conditions)

Relatively cheap

VISION (CAMERAS)



Camera Innovation Example: Dynamic Vision Sensors

Bullet shot by a gun (376m/s =1,354km/h)

Recall: trained in simulation only!

Rt @ACRY  Imperial College

of Technology Lonc l()”

Towards Visual SLAM with
Event-based Cameras

Michael Milford!, Hanme Kim?, Stefan Leutenegger? and Andrew Davison?

*Australian Centre for Robotic Vision, Queensland University of Technology e f

Huawei P20 Pro (240 FPS)

2Department of Computing, Imperial College Landon

Our reconstruction (5400 FPS)

Corresponding author: michael.milford@qut.edu.au

Source code & Datasets: https://github.com/uzh-rpg/rpg e2vid 1

In “The Problem of Mobile Sensors: Setting future goals and indicators of progress for
SLAM" Workshop at Robetics and Science Systems 2015

=
l%' SI:IENDE AND SVSTEMS

Rebecq et al., “High Speed and High Dynamic Range Video with an Event Camera”,
T-PAMI’19. PDF Video Code

e Low Event Cameras: Opportunities and the Road Ahead (CVPR 2020), Davide
power ; ) . .
. Low latenc Scaramuzza, Robotics and Perception Group, Dept. of Informatics, University
) y_ of Zurich, and Dept. of Neuroinformatics, University of Zurich and ETH Zurich,
* High dynamic range Switzerland
« Edge perception potential https://youtu.be/6Sn9-M7gXLk

QUT Centre for Robotics




>
=
>
=
O
O
-
N E
o
O




A range of other sensors

Accelerometers, IMUs

Sonar, throttle, fuel mix,
power draw, all sorts of other
instrumentation

Wheel encoders

QUT Centre for Robotics 123rf.com / dolgachov
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Positioning and
Localisation

123rf.com / hkeita



Knowing When You Don’t Know: Simple Example

 Which is better? Q

— System 1: A positioning
system that is fit-for-purpose
99.9% of the time but lacks
self-diagnosis capability, or

— System 2: A positioning
system that is fit-for-purpose _ | o
99% of the time, and self- » Using System 1, you'll make decisions

diagnoses that it's unfit-for- based on incorrect positional
information 0.1% of the time.
purpose 99% of the

o NI * Using System 2, this drops to 0.01%.
remaining time: System 2 is hard to create.

QUT Centre for Robotics
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Most autonomous systems
operating in complex
environments with people and
other autonomous systems also
need:

 Intent understanding

* Prediction

e Scenario planning

« Contextual understanding

QUT Centre for Robotics 123rf.com / ostapenko



' Status: Running
 Direction: Crossing
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Navigation and Control Based on Task Constraints

P

123rf.com / Andrey Suslov



The Al Story

You can make an entirely safe AV
that is

Good engineering, connectivity

or infrastructure improvements

(crutches) can solve some but
remaining challenges

Unpredictable, highly varied

(VRUs) are
arguably the
It’s likely
— will be
required
AVs’ may be

outside the AV domain: new
levels of Al, which will

~ ~https://www.youtube:com/watch?v=VG68SKoG7VE -

HOTION FLOW LANE LINES LANE LINES ROAD FLOW IN-PATH OBJECTS ROAD LIOHTS OBJECTS



It's critical to understand how
crutches can and can'’t
compensate for technology
shortcomings

E.g. failsafe remote teleop human
Intervention for AVs
— Only viable in some applications

— Critically reliant on system’s ability for
self-analysis

QUT Centre for Robotics
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Deep Neural Network

(Pretraining)
Multi-layered m N

XOR Perceptron A
ADALINE Problem (Backpropagation)
s N i Watch for
Perceptron this guy
Golden Age L Dark Age (“Al Winter”)
Electronic Brain I ater

1960 1970 1980

S. McCulloch - W. Pitts F. Rosenblatt B. Widrow - M. Hoff

XAND Y XORY NOT X

Foward Activity ~se———j

x)i *Jj ~2\'. }] 'i l\ v,[l

X

—— Backward Ermor e

« Adjustable Weights « Learnable Weights and Threshold « XOR Problem + Solution to nonlinearly separable problems + Limitations of learning prior knowledge * Hierarchical feature Leaming
« Weights are not Learned + Big computation, local optima and overfitting + Kernel function: Human Intervention

https://raw.githubusercontent.com/qingkaikong/blog/master/38_ANN_partl/figures/figure1_ANN_history.jpg

QUT Centre for Robotics



Modern Neural Network-based Al
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Networks can have thousands of layers

Bio-inspired
only ina
very loose
sense




Worth a lot of Worth a lot less Modern Al is

Very Recent

Microsoft Research

Jlty Sumzrpll;

QuUT Centfe for Robotics



Multiple Al Winters

Hype cycle Reduced
funding

Failure to

deliver Talent exodus

A Brief History

123rf.com / rvika



Al Summers?

Hype! Ridiculous funding
and money

Black hole for

talent ﬁﬂ

History repeats... but never exactly the same way

.

S
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The “Comeback” — What’s Changed in the Past Decade?

1. Compute
2. Data



Scale of data available

Select all squares with vehicles.
If there are none, click skip.

F

Security Check

Enter both words below, separated by a space.
Can't read the words below? Try different words or an audio captcha.

Loweﬂbetﬁm_q]

Sick of these? Ver our account.,

Text in the box: l:l What's This?




Training Al Systems

123rf.com / Sarah Holmlund
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Supervised-Learning,. -.°
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Centre for
Robotics

Unsupervised Learning

Useful compact
representations
of data

Robotics



<i Key Data Concepts Discussed

« “Garbage in, garbage out”

* “Only as good as the data it's trained on”
1. It's possible for Al systems to do far more with a certain
source of data than a human can or could conceive of,
but

2. It's also possible for Al systems to “cheat” outrageously
and find the easiest way to solve an (often poorly
formulated” problem

QUT Centre for Robotics



An Al Fable

How You Know:

ing

Understand
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Understanding Systems through Input
Manipulation
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Looking Deep into the Network...




Qu Centre for
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Small Networks are Directly Auditable

wnature.com/natmachintell/ April 202

nature
machine
intelligence

ARTICLES mature .
s/ 101038 /42250 20-002375 machine intelligence

M) Check for updates

Neural circuit policies enabling auditable Tt
autonomy

Mathias Lechner ®'*E, Ramin Hasani®234=, Alexander Amini3, Thomas A. Henzinger ®",
Daniela Rus® and Radu Grosu®?

A central goal of artificial intelligence in high-stakes decision-making applications i
taneously expresses generalizability by learning coherent representations of their w

dy ics. Here, we combine brain-inspired neural computation principles and scalal . . e o

compact neural controllers for task-specific compartments of a full-stack autonomou C. Elegans I n s p I res se If— d r I V I ng Ca rs
a single algorithm with 19 control neurons, connecting 32 encapsulated input featur.

nm:s';Tfr::;:::";';:ﬂ;::f;i':;::;:;::g f:rr;::a;::zi::;islgtz;:gsizfeﬂ:_e;:tgeb Autonomous driving technology is improving, although doubts about their reliability remain. Controllers based on
autonomy for task-specific parts of a complex autonomous system. compact neural architectures could help improve their interpretability and robustness.

Michael Milford

fyou had just woken up in late 2020 End-to-end network architecture

after a decade-long slumber, you might Camera input

be forgiven for thinking that hardly any
progress had been made in autonomous
systems, given the lack of widespread
applications such as on-road autonomous
vehicles. Automation, it seems, is still
struggling to escape from the domains

N
Control
commands

’ . . Convolutional
where it has long been a staple of operation, feature extractor

. " _ N - including mines, logistics centres and
By The original uploader was Kbradnam at English Wikipedia.(Original text: e el e

N L . marine ports. This relative lack of progress
Zeynep F. Altun, Editor of www.wormatlas.org) - Transferred from en.wikipedia is all the more perplexing when we consider

to Commons.(OriginaI text: Donated by Zeynep F. Altun), CCBY-SA 25, the apparent leaps and bounds of progress bt Th.e visual input to control commands pipgline fora neui.'a| circuit policy network. Thg neural
https://commons.wikimedia.org/w/index.php?curid=2680458 in the Al — and in particular, deep circuit policy network takes the latent representation of camera input produced by a convolutional
neural network and transforms it into control commands for keeping the vehicle in its lane.

learning — research community.
there are doubts about the




Compute Available

Compute:

]

123rf.co :

https://images-na.ssl-images-a mazon.com/i?pages/l/SlSR7E0341L._SL1500_.jpg



c' Key compute concepts

 Online versus offline
* Training versus deployment

 On-board versus off-board
(including “the cloud”)

 Although power hungry,
compute is rarely the key
power bottleneck in high
mobility systems

QUT Centre for Robotics
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T What Can the Al Tech Do?

Is there a market for Al art? This $600k painting
suggests there is

RN Late Night Live

[immaticn 2L
'Silicon Valley is ethically lost': Staunch backlash over
Google's latest Al capability

EM P PT  Recycling is good for the world.
WRITTEN)

ease an Al model due to its

NO!'YOU COULD NOT BE MORE WRONG!

Recycling is NOT good for the world. It is bad for the environment, it
is bad for our health, and it is mEVERGE ' wm  wwwwr

Recycling is not good for the env

earth and it is a major contribut waa
good for our health. It contribut OpenAl has published the text-generating Al it said

“ H was too dangerous to share
GPT'Z |S disease and cancer. Recycling is » 8 .

cost of a product, and in turn, t

a |arge with that product. Recycling is not good for our nation. We pay a
tremendous price for the privilege of having the world’s most
transform i : N &)
s & 8 ; and efficient recycling system. Recycling is a huge, colossal
https://www.vox.com/future-perfect/2019/5/31/18645993/ai- er-based time, energy, money, and resources. And THAT is why we need to OpenAI

deepfakes-gan-explained- hine-learni .
eepfakes-gan-explained-machine-learning DUT Centre de [ ' S




2% Rule of Thumb: What Modern “Al” Can Do

« With enough attention and resources,

* you can develop modern Al-based technology
that matches or surpasses human
performance on most constrained tasks,

* |If sufficient quantities of representative training
data can be obtained, and

 Ideal performance can be defined.

QUT Centre for Robotics



Only as good as what you feed it

THEVERGE  7ich - REVIEWS . SCIENCE . CREATORS . ENTERTAINMENT . VIDED  MORE

jackyalcine o, TwitchCon 2019 v
@jackyalcine HELP SUPPORT THE NEWS YOU LOVE
. . The Verge team relies on advertisers to give you news, reviews, and
GOOg|e PhOtOS, y'a” fL- up. My friend's not a gOI‘I”a, videos for free. Disable your ad blocker to support our work.

HERE'S HOW TO WHITELIST THE VERGE

GOUGLE \ TECH \ ARTIFICIAL INTELLIGENCE \

Google ‘fixed' its racist algorithm by removing
gorillas from its image-labeling tech

Nearly three years after the company was called out, it hasn't gone beyond a quick
workaround

5 B
‘q’- ‘) _—— -

ISkyscrapers Airplanes

By James Vincent | Jan 12, 2018, 10:35am EST

f Y [ sane

\ 600D

Graduation

Logitech’s excellent M
much cheaper than us

11:22 AM - Jun 29, 2015 - Twitter Web Client

3.4K Retweets 2.8K Likes

https://twitter.com/jackyalcine/status/61532951590915686
5

QUT Centre for Robotics
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Bear on Solving These Problems
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correct +distort ostrich correct +distort ostrich

Szegedy et al, “Intriguing properties of neural networks”, https://arxiv.org/abs/1312.6199

QUT Centre for Robotics



Talking About Expertise...

123rf.com / Olivier Le Moal



Talent and Expertise

Arguably the single
most important
element

l ' 123rf.com / lassedesignen
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“Representative Industry/Commercial Sector Event”
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Never the twain shall meet... rRudyard Kipling

Gap inefficiently
bridged by interaction

ﬁUp to

date true
technical
experts

Senior
decision
makers

QUT Centre for Robotics



Key »4
Concept

Beware Technical Lightweights

Much of the key tech is What’s always said: Deep
very recent so only technical experts can often
otherwise inexperienced lack communication skills and
juniors are familiar an understanding of the bigger

“Senior” staff (Professors, picture, BUT...
Futurists, C Level - m
Executives etc...) who |
haven’'t made a significant Lightweight technical experts
effort to continuously who don’t know their own
retrain will lack DEEP limitations can be extremely
technical understanding dangerous

123rf.com / Amikishiyev

QUT Centre for Robotics



Key =
Concept,

The Partial lllusion of Democratization

* Increasing availability of packages
and tools fosters the partial illusion & /=
of democratized Al and tech BUT z Mf'_s“’"

* Reality is that mechanistic use of
these tools is very different to
mastery

« Mastery often requires access to a
still highly limited “top talent” poal,
proprietary data and incredible
compute.

123rf.com / destinacigdem

QUT Centre for Robotics
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An Incredible Landscape for Talent in the Field

— Known as “Funny
Money” in the industry

Car Tech Online Science & Health Cameras Computing Gaming Entertainment

Uber Reveals_ Bonus Dispute

Between Fired
FEDERAL BUDGET 2021, TECHNOLOGY

.| Federal budget unpacks details of
the government’s $124 million Al

spend

STEPHANIE PALMER-DERRIEN  MAY 11, 2021 o o 0 9 @

-

'

s0GLE N\ Pouicy \ TECH \ THEVERGE :
Ex-Google and Uber engineer Anthony
Levandowski must pay Google $179 million

Levandowski filed for bankruptcy protection in response
By Thomas Ricker | @Trixxy | Mar 5, 2020, 6:24am EST

TechCrunch

Waymo case reveals Levandowski
got $250 million in Uber stock for
Otto
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<c°..'§2.%ti 9/& The Classic Hype Cycle Implicitly Assumes Eventual Success
AVISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME

>
Attribution: Jeremykemp at English Wikipedia

QUT Centre for Robotics



Progress Charts — Typical Technology

Perfection

Financially viable threshold #2 e.g. offline
voice recognition for smartphones

Financially viable threshold #1 e.g. cloud-
based voice recognition for smartphones

Performance

—

Timeframe

QUT Centre for Robotics



Progress Charts — General AV Technology

Near-perfection

Financially viable threshold #3 e.g. slow
speed autonomous delivery vehicles?

Financially viable threshold #2 e.g.
autonomous vehicles in mines

Financially viable threshold #1 limited
autonomous vehicles in logistics, ports

Performance

Timeframe

QUT Centre for Robotics



Progress Charts — Widespread, Passenger-Carrying Robotaxis

Financially viable threshold #1 Near-perfection

|

* Incredible resources devoted
to bridging this gap

« Uncertainty and disagreement
how to bridge this gap

« Uncertainty in how to assess
how large or small this gap is!

Performance

Timeframe

QUT Centre for Robotics



- Key Takeaways




B My Recommendations About These Technologies

Avoid the temptation to think in unchanging
absolutes about the technology e.g. “never

-
be like a human”, “solves everything”
See through the hype but don’t dismiss

- everything out of hand (this requires nuance)
Keep an informed, regularly updated

. awareness of the range of scenarios that

could play out
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