Alumni Festival

Image by and copyright Alex Knight used under a
Creative Commons
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Auto Pilot

Source: Wikimedia Commons
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Retail checkout
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Souce: Daily Telegraph, 14 10 13 examining the rise of the supermarket “robot”
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Lights Out Factory
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Source: Wikimedia Commons
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Overview

nat is Automation?
ny do we Automate?
nere do we Automate?

S ==

nere will we Automate?
Should we Automate?
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What is Automation?
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Oxford English Dictionary:

The use or introduction of automatic equipment
in a manufacturing or other process or facility

Oxford English Dictionary, https://en.oxforddictionaries.com/definition/

Broader:

The part or full replacement of human based
functions with machine, computer or other device

Distributed Information
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What Aspects of an Operation to
Automate?

generate decision options and

REQUIREMENTS selections which guide operation
extract information of DECIDE
value from data
ANALYSE
provide
Info gathering (& automatic or
. SENSE (&
communicating) COMM(S) ACTUATE | guided manual
support
OPERATION |«
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Some “Automation” Technologies
— One page of Buzz Words only!!

e Sensing: bar code, RFID, vision systems, Augmented
Reality/Virtual Reality, Internet of things — loT

« Analysis: Cloud computing, Mobile phone, big data analytics
- Decision: Machine learning, optimisation, Al, decision support

« Actuation: Robots, Human Machine Interfaces, Drones, AGVS,
storage / retrieval systems, 3D printing

o, Cim=c o~
P ﬁ‘ %, - il
@k - —
The Imtsanat Artilicial Adwarrcad Emarprisa 3D printing
ol Thinigs e ol | gy oo roeksoiios Wy i P bllors

A T Kearney, Shaping the future of Production, World Economic Forum, 2016
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Automation & Digitalisation?
I E—

DIGITALISATIONE
ORE
COMPUTERISATIONE

AUTOMATIONE

Computerf

Based[@
Autor:natedl Automated IT and
Mechanica .
Operalonsh Computer Automation
Operalons/? (incl.BAutonomousl S
Systems,Fobolch SupportFore are Closely
systems) Manual linked
Operalonsh o
and getting
closer!
Conveyors, Tracking systems, Operator guidance, AR,
Tractors, robotics, Al Decision support
Escalators
Source: McFarlane & Thorne, 2017, IFM Report, Automation 2050
' UNIVERSITY OF IfM Distributed Information
' C AMBRIDGE and Automation Laboratory Yours, Cambridge




What is Automation?

* Not just about robots

* Not just about doing but also about sensing
and thinking / deciding

* Automation and
Computerisation/Digitalisation are
increasingly intertwined
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Why do We Automate?
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Why Automate?

Backdrop

Competing against low
cost countries

Increased wage
expectation

Reduced funds available
Desire for greater profits

Tasks unsafe / unhealthy
Impossible any other way
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Why Automate?

Backdrop . .
Competing against low * |abour productivity
cost countries o Speed
Increased wage o
expectation * efficiency
Reduced funds available _J

reliability / repeatability

Desire for greater profits

Tasks unsafe / unhealthy
Impossible any other way

* Health & safety

* infeasible
““f‘ UNIVERSITY OF IfM Distributed Information 15
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Example: Auto Pilot

Source: Wikimedia Commons

Source: Wikimedia Commons
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Example: Auto Pilot

What?

e Sensing: position, angle
e Decision: control adjustments

* Action: aileron, thrust

Source: Wikimedia Commons

Why?

e accuracy

* reliability / repeatability
e safety?

Source: Wikimedia Commons
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Example: Retail checkout
gy T ;‘_ 7” %“ /', =) ‘,‘7-_

A o N F f«""‘* ) = G
if s I Ve

1

/e
o8 fg

le 0
O’[h
Ur’t@

Distributed Information 18
and Automation Laboratory Yours, Cambridge

2B UNIVERSITY OF
<9 CAMBRIDGE tM




What?

Example: Retail checkout

1= R ‘f}"] / &\‘ '
//'",. - 7 >N :—{. “ i F‘”\&

Sensing: Product bar
code

Analyse: locate price
Decision: Sell?

Action: Permit sale or set
alert

NB: This is not just

automation, it is a shifting e |abour reduction
of manual effort from * accuracy
retailer to the customer . speed
UNIVERSITY OF IfM Distributed Information 19
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Example: Underground ticket
Inspection

Source: Wikimedia Commons

Dear World LD
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Example: Underground ticket
Inspection

What?
e Sensing: ticket read
* Decision: pass/fail

* Action: open door

Source: Wikimedia Commons

Why?

» efficiency

e labour reduction

» reliability / repeatability

Dear World... :
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Example: Nuclear reactor

Source: Wikimedia Commons

N
\
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Example: Nuclear reactor

What?
* Sensing: state of fuel rods, equipment
e Decision: shut down, repair decisions

e Action: replace

Distributed Information
and Automation Laboratory

tM

Source: Wikimedia Commons

Why?
e accuracy
e reliability

repeatability
safety

. \

\ A \ A ArlA
Dear World... -~
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Example: Food Packaging
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Example: Food Packaging

What?

* Sensing: bottle present

* Decision: correct position
e Action: apply lid

Why?

e labour reduction
e Speed

* Quality

* Health and safety

R UNIVERSITY OF
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http://www.bottle-fillingmachines.com

Example: Exam Marking

N B Excel Grader

N MEAGER: Excel Automated Grader, '

Workbooks to compare:

[T T - docurnents and settingsitghillvdesktophilliana correct xls] =

Student Folder: |c:\documents and settings\tghilldesktopistudent ﬂ

(All student files must be in the same folder)
Grade scale: [100

Options:
Percent deducted per error type:
25 % Labels and Numbers
35 % Formulas

30 % Formatting (Fonts/Borders/Colors..) |[ap  min %of similar errors for Plag rpt
10 % Charts

™ Skip Brading Fonts and Formatting
™ Deduct Extraneous Cells/Formats
2 Minimum & similar errors for Plag rpt}

Grade Grade Repog Errors g‘st l L Dossible#l%iarism . ;kzm ?ode History | Exit

downloadable automated marking system

Yours, Cambridge \
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Example: Exam Marking

What?

Sensing: Student response
Decision: correctness?

Action: Award marks

tM

N B Excel Grader

\ MEAGER: Excel Automated Grader, '

Workbooks to compare:

[T T - docurnents and settingsitghillvdesktophilliana correct xls] =

Student Folder: |c:\documents and settings\tghilldesktopistudent ﬂ
(All student files must be in the same folder)
Grade scale: [100

Options:
™ Skip Brading Fonts and Formatting
™ Deduct Extraneous Cells/Formats

Percent deducted per error type:
25 % Labels and Numbers

35 % Formulas 2 Minimum # similar errors for Plag rpt]
30 % Formatting (Fonts/Borders/Colors..) |[ap  min %of similar errors for Plag rpt
10 % Charts

Grade Grade Repog Errors g‘st l L Dossible#l%iarism . ;kzm ?ode History | Exit |

downloadable automated marking system

Why?

e labour reduction
e accuracy

e Speed

 fairness

Id

Your
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And there are downsides from
Automation too ....

Job losses and knock on effects
Capital cost

Increased complexity

Lack of flexiblity

Lost learning opportunity, lost skills
Missed faults and errors

Health impact



Why Automate?

e Often to make tasks more productive:

Output
[Labour] Productivity = ------------------
No of workers

e Sometimes for better outcomes

e Sometimes for human convenience
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Where Do We Automate?
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Almost Everywhere ...

* Industry

* Military
* Transport
* Government

 Education O e nSigapore i confrmed

Ambassador Transit Hotel - Terminal 3 is expecting you on 17 February

Booking com Booking number: 1319113661

PIN code: 5268 B

You'll pay the property directly. Ambassador Transit Hotel - Terminal 3

. H e a I t I I handles all payments, so please check below for more information

You can cancel for FREE until 15 February 2017 23:59. Make changes to
_— your booking or ask the property a guestion in just a few clicks

* Home —
e Agriculture }

LIVING ROOM
{, 20.0°

 (Cities 1

N\

\ar rid -
Distributed Information Dear World... )
and Automation Laboratory Yours, Cambridge‘]
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Levels of Automation Adoption in
Different Sectors Today

27| =| 3| €| 3| &| g|gg| B

c O = S < <. Q. % 8 8_ D

2 o v | g 3 S 5| 2§ @

-3 O =S

S| 3 3 3 S |8 2

o ®
&

SENSERI M-HE | ME ME] L[] L[] ME] L-MQl | M ME]
ANALYSER] / L-MBl | M kL L-M[l | M ME] L[] L[] ME]
DECIDER \ ME] L-MI I\/I—HNL L[] L[] L[] L[] L[]
ACTUATER \\H L[] L[] L[] ME] ME] L[]
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Integrated Sensor Deployments

Registered Vehicles with loT
Application by Region
World Market, Forecast: 2013 - 2030

n
 ~
S
E

2014 2018 2022 2026

Source: ABI Research
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Smart Developments on your Phone

Number of available apps in the Apple App Store from

2,500,000
2,000,000
1,500,000

+ 1,000,000

500,000

0
Jul Sep Apr Jul Nov ‘-ﬂarjun Oct Jan Jun Ch:l: Mar Jun 5ep Jan May Jun Oct Jun Sep Jan Jun Jun Jan
‘08 ‘08 '09 09 ‘09 ‘10 ‘l0 ‘10 '11 ‘11 '11 ‘12 ‘12 ‘12 °13 ‘13 °13 ‘13 ‘'l4 ‘14 '15 '15 'l6 ‘17



'000 of units

300
250
200
150
100

50
0

Robots In and Beyond the Factory

Estimated worldwide annual supply of industrial robots

254
221
178
166 159
13 121
I ) I

120 112 114
a7
81 I I
2003 2004 2005 2006 2007

Industrial

2008 2009

2010

2011

2012 2013 2014 2015

Source: World Robotics 2016

Household
and
Leisure

35,000

30,000

25000

its

20000

000 of un

15,000

10,000

5000

Units sales 2014 and 2015, and forecast 2016-2019

Service robots for personalidomestic use.

3000

11,000

LA T

1700 1300

Household robats Entertainment and leisure robots

n2016-2019 m2015 w2014

Source: [FR World Robotics 2016




Evolution of levels of Automation

CilesH

FoodzndX
Resourcesl

Educalon@

Healthcarel

Environment

Government

TransportX

Military®
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Automation Trends in Short Term

e Out of the factory
* Big focus now on sensing & analysis

* Next: decisions



Where Will We Automate?
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The World in 20507

Source: The Jetsons, 1967
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Challenges in 2050 by Sector

Zero labpur Crowds
100% recycled Electronic

Production on demand J o '
Personalise Medicine - - Civilian/Strategic Targets

Aged Care \////INDUSTRY TRANSPORT \/Z\\ Alternative Warfare

No Armies

Skin Cancer \ A
. \ HEALTH MILITARY \\ Regular big events
Factory hospitals ——"— /(Unrecoverable)
[ \
Exponential growth—~{ ENVIRONMENT+~shortage of arable land
/
Fewer jobs \POPULATION \
Frequent food shortages
Greater education \ FOOD & %/
Aging population CITIES RESOURCES* Rationed resources
GOVI /
Crowded alrspace ~—
Upper I|m|t on materials/person
Polluted
Overcrowding Less money

Referendum style
Source: McFarlane & Thorne, 2017, IFM Report, Automation 2050
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Automation Meeting the Challenges?

Vs Air Taxi Android
Drone based weapons

Lights-out factories \\_-—]L ————————————————————
T \/‘ ~~~~~~~ Automated protection systems

Auto material retrieval D
Download & Print x’ Zero labpur - Crowds o T - local ‘Star Wars’
100% recycled Electronic No Armi e
0 Armies Infrastructure only weaponry

IT/Cyber Medicin{ - Producnon on demand
- —‘/~\\ Civilian/Strategic Targets N
/ Surveillance for cyber warfare

Automated Gene Theraples\, bersonalise Medicine
In-home care automation—_~" < TRANSPORT ~
X Aged Care /// INDUSTRY \\Alternatlve Warfare \
N \
Disaster recovery auto planning

Automated Cancer Care
Automated surgery. Skin Cancer MILITARY \
/
\ HEALTH \ (RUeguIar big events —% " ¢ o xecution systems
nrecoverable) \

Bionic body-parts —~ Factory hospltaISﬁ-—
Automated birth "' Exponential growth\‘\ AUTOMATIO
|
| 2050

control systems > SPULATION
Fewer jobs
Automated job creation/%\/ 7
\

ENVIRONMENTﬁ\Shortage of arable |and'%/Precision farming technologies

{
1
]

Frequent food shortages+—
FOOD & // :" Nutrient delivery systems (emergency)

1 Greater education \
. . \
Holographic education \  Aging population /\< CITIES RESOURCES* Rationed resources——‘l— Very low energy physical automation
- /\( . GOvT Energy neutral info. automation
Human decision support systéms\ Crowded airspace
) \ Upper I|m|t on materials/person / utomated local power management systems
Automated airspace management: Polluted ! )
nergy allocation market
, i solu = Overcrowding Less money 8y
ero energy logistics solutions Referendum style -
Automated pollution control systems > )
o Virtual local government
Live experiences at home /e ¢
Virtual urban spaces Seamless & secure auto-voting systems Source: McFarlane & Thorne, 2017, IFM
Driverless platoon vehicles Report' Automation 2050 ’ !
| UNIVERSITY OF IfM Distributed Information
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City Automation 20507

. o \\ /
Holographic education  \ ' aging nopulation CITIES
) GOVT
Human decision support systems\ Crowded alrspace
Automated airspace management Polluted
)( Overcrowdlng
Zero energy logistics solutions

Referendum
Automated pollution control systems

h\

Live experiences athome /T pF——— -
Virtual urban spaces Seam|
Driverless platoon vehicles
T UNIVERSITY OF IfM Distributed Information dhaces ke
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Health Automation 20507

" A
& Download & Print \ ™ Zero labp!
Tl 100% recycled
IT/Cyber Medici

rg ~ Produc‘uon on demand
Automated Gene Theraples\,

In-home care automation

Personalise Medicine g
7

\ v
Automated Cancer Care Aged Care »~ INDL

/
Automated surgery\\l\\ Skin Cancer%

Bionic body-parts —~ Factory hospitals— HEALTH

T—
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Evolution of levels of Automation
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Where Automation is the only Option?

INCREASINGLY DIFFICULT TO
PERFORM MANUALLY IN 2017

LIKELY TO BE DIFFICULT TO
PERFORM MANUALLY BY 2050

Coastal Surveillance
Material Recovery from Waste

Disassemble and repair domestic
appliances

Care for Refugees
100% Check of origins of food

Cleaning of oceans
Counter measures for guerrilla warfare

Clean / treat atmosphere

Support aged population
Flood, earthquake recovery
Secure energy, water supplies
Police Cities

Source: McFarlane & Thorne, 2017, IFM Report, Automation 2050




Automation Trends in Long Term

* In all aspects of life
* Critical to survival

* Needing some regulation?



Should We Automate?
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Balancing Benefits and Downsides

* Labour productivity

® SpGEd * Job losses and knock on effects

® EffICIGHCY ® Capltal cost

° rellablllty/ repeatability * Loss of skills etc
L L L L
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Quick reminder...

Tasks get automated not jobs

No of people on Tasks can be reduced /
eliminated without automation

(efficiencies, outsourcing)

Distributed Information
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Automation and Jobs

Technical automation potential

Example occupations %
100
Sewing machine operators,
graders and sorters of 90 +
agricultural products
80 r
Stock clerks, travel agents, 70 |
watch repairers
60 r
Chemical technicians, 50 r
nursing assistants,
Web developers 40 ¢
30 r
Fashion designers, chief
) S 20 |
executives, statisticians
10 r
Psychiatrists, legislators
O 1 1 1 1 1 1 ! 1 1 {
0 10 20 30 40 50 60 70 80 90 100

Share of roles

McKinsey, (2016) Where Machines Could Replace Humans And Where They Cant Yet
http://www.mckinsey.com/business-functions/digital-mckinsey/our-insights/where-machines-could-replace-
humans-and-where-they-cant-yet

UNIVERSITY OF
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Employment

Automation and Jobs

Management, Business, and Financial
I Computer, Engineering, and Science
Education, Legal, Community Service, Arts, and Media
I Healthcare Practitioners and Technical
Service
B Sales and Related
Office and Administrative Support
[ Farming, Fishing, and Forestry
Construction and Extraction
B | nstallation, Maintenance, and Repair
Production
I Transportation and Material Moving

400M

«=— Low ——— «=— Medium —— «=— Hi h———> i
33% Employment 19% Employment 47% Em oyment /

Source:

Frey, Osborn, The
Future of
Employment —
How susceptible
are jobs to
computerisation,
2013

0 0.2 0.4 0.6 0.8 1
Probability of Computerisation



Automation and Types of Tasks

Cognitive

Road Repairs

Non
Cognitive aurant Service
>
Routine Non Routine
H UNIVERSITY OF IfM Distributed Information Dear World...
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Automation and Jobs/Skills

-rom brawn to brains
The impact of technology on jobs in the UK

This new work paints a positive picture; while technology has potentially
contributed to the loss of approximately 800,000 lower-skilled jobs, there is
equally strong evidence to suggest that it has helped to create nearly 3.5
million new higher-skilled ones in their place.

N\

\_

Deloitte, From Brawn to Brains : The impact of technology on jobs in the UK, 2016
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Automation and People

Skills Health
 Many roles reduced  Much of automation
to exception reduces human exertion
handling * Fitness opportunity
e Simplification of losses in
skills needed — Transport
« Computer readiness — Workplace
skills not yet well — Home
understood — Leisure

Distributed Information
and Automation Laboratory Yours, Cambridge
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Automation Priorities?

' Survey of In which |In which
' European lareas do  aveas do
attitudes to lyou think | you think

use of robots thatrobots that usa
'should be of rebots

_gused as a =hould be
— ] priority? banned?
Space axploratien  52% 1%

i

i

| Mansfscturing  50% av

| .

| Search and rescue £1% 3%

| Military and ' 1% %

i security

E Domastic use, S 13% 8%

[ uahan Menany 1 Engineering &
| Agricultuxe S 11% 6% Technology,

| Transport logisties | 11% 6% ’

’ ' September 2012
| Hoalthcare z2%, 27% P

| Leisure ' 3% 20%

i Education | 3% 34%

| Care of children, | 4% 60%

| elderly and the '

E disabled

i
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Automation Priorities?

High? Low?

* Like for better task * Like for like or like for worse

replacement task replacement
e Scale too great for manual e Convenience automation

solution : .

* Health reducing automation

e Tasks that enhance (human)

life
e Tasks that humans can’t/wont * Approaches not covering

do the full cost of automation
1"“ UNIVERSITY OF If l\ /l istributed Information
m CAMBRIDGE el:l)ndt Abutt)r(rjleltti];n Latt)oratory Yours, Cambridge




Ways to Influence Priorities?

Why robots should be taxed if they take
people's jobs
Robert Shiller

Bill Gates says governments could use a robot tax to fund human services - it
would also help remedy income inequality

Source: Guardian, 2017



Ways to Influence Priorities?

e ... Tax breaks to high priority areas only

* R & D support only where societal impact
* Holistic cost benefits

— Cost of redundancy, retraining, unemployment

— Benefit to society not just immediate user from
new developments

e “Clinical” trials

Distributed Information
and Automation Laboratory Yours, Cambridge
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Should we Automate?

 We are automating in many ways and forms

* Be suspicious of IT / automation developments
justified on job creation

 There are some choices
— Whether to regulate
— Whether to prioritise

* Positive encouragement for priority areas for society

1‘1 | UNIVERSITY OF
&9 CAMBRIDGE ItM
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The tip of the iceberg?

Distributed Information

Dear World...
and Automation Laboratory Yours, Cambridge

58 UNIVERSITY OF
¥ CAMBRIDGE ItM




