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The “frame problem” (1)

From: Dennett*, D.C. 1987. “Cognitive Wheels: The Frame Problem in Al”, in Pylyshyn,
ZW., ed., The Robot’s Dilemma: The Frame Problem in Artificial Intelligence. Norwood,
NJ: Ablex, pp. 41-64.

et INSIDE(R1,ROOM)
R1: (naive ©) robot ON(BATTERY,WAGON)
PULLOUT(WAGON, ROOM)

*Daniel Dennett,
American philosopher
(philosophy of mind)
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lllustration: (adapted from) Isabelle Follath



Not as expected
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The “frame problem” (2)

From: Dennett*, D.C. 1987. “Cognitive Wheels: The Frame Problem in Al”, in Pylyshyn,
ZW., ed., The Robot’s Dilemma: The Frame Problem in Artificial Intelligence. Norwood,

NJ: Ablex, pp. 41-64.
R1D1- INSIDE(R1D1,ROOM)

: ON(BATTERY,WAGON)
Robot Deducer COLOUR(PULLOUT(WAGON, ROOM))
(it deduces the implications =UNCHANGED

of its own acts)

WHEELS(REVOLUTIONS, PULLOUT(.))=.

*Daniel Dennett,
American philosopher
philosophy of mind)

THE BIiOROBOTICS

INSTITUTE
5.61:., \ SO j.! DUPETrIont
K;v: . cyant \nna

lllustration: (adapted from) Isabelle Follath T\ 5



In the meantime...
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The “frame problem” (3)

From: Dennett*, D.C. 1987. “Cognitive Wheels: The Frame Problem in Al”, in Pylyshyn,
ZW., ed., The Robot’s Dilemma: The Frame Problem in Artificial Intelligence. Norwood,
NJ: Ablex, pp. 41-64.

INSIDE(R2D1,ROOM)

ON(BATTERY,WAGON)
‘ ’ COLOUR(PULLOUT(WAGON, ROOM
R2D1(aka ‘Hamlet’ oot L OUT )
Robot Relevant
wDeducer
(it discards not relevant WHEELS(REVOEUTQNS, PULLOUTY(.))=
implications NofRefeva— -

of its own acts)

THE BIOROBOTICS
INSTITUTE

Not Relevant....

pras
ol - la Superion
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lllustration: (adapted from) Isabelle Follath 7



You know the story...




Summary of Dennett’s points

= obvious to humans, not obvious to (GOFAI) robots (robot
only has symbolic model/representation of world)

= vast number of potential side effects, mostly irrelevant

distinction between relevant and irrelevant inferences
must test all

10



Also spracht Rodney Brooks ©

RODNEY BROOKS  Robors, AL and other stuii

JUNE 17, 2017 — ESSAYS
Edge Cases For Self Driving Cars
rodneybrooks.com/edge-cases-for-self-driving-cars/

“Perhaps through this essay | will get the bee out of my bonnet that
fully driverless cars are a lot further off than many techies, much of
the press, and even many auto executives seem to think. They will
get here and human driving will probably disappear in the lifetimes
of many people reading this, but it is not going to all happen in the
blink of an eye as many expect. There are lots of details to be
worked out.”



Also spracht Rodney Brooks ©

e What to do in a blocked road
« Maps don’t tell the whole story

« The Police (and:--), in general interacting with
humans..(reading human intentions)

* Getting Towed
 Other tricky situations




The real world is surprising

Columbus discovering America
while looking for a short route to
Asia (wikipedia)

There are unexpected events that
change the F-O-R (at many levels)

TS— Traders looking at screens during the global market
e crash of 2008 (seekingalpha.com)
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» Societal impacts

 Last but not least: the Koans!
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Older and newer attempt

- (D

Juanelo Torriano alias Gianello della
Torre, (XVI century) a craftsman from

Cremona, built for Emperor Charles V a
mechanical young lady who was able to
walk and play music b the strings

of a real lute. g '@ 1
y 2 .

THE BIOROBOTICS
INSTITUTE

Hiroshi Ishiguro, early XXI century

_,  ... Director of the Intelligent Robotics Laboratory, part of the Department
.= """ "of Adaptive Machine Systems at Osaka University, Japan




Recent successes: the first wave

Mechanical Computer Control
Engineering Science Engineering

First wave

L

i . Robotics Robotics
for Robotics and

Mechatronics

Robotics body
of knowledge

1960 2000

Rethinking Robotics for the Robot Companion of the future



The first wave

Worldwide annual supply of

industrial robots 2001 - ,....c...
2019*

w0 -

m|.|1||"|"|

Mechanical Computer Control [ JRRRNRRRRNRREE
Engineering Science Engineering Source: IR (nemationalFederaio o Robotcs) WPt
First wave

Industrial
robotics

and Technologies
for Robotics and
Mechatronics
Robotics body
of knowledge

1960 2000

Rethinking Robotics for the Robot Companion of the future



T h e S e CO n d Wave Membership development

280 member organisations

it

 }
) o st e Legend:
loT Machine Artificial ) e @ incusty
Learning Intelligence M 2 = T @ Researn
"'""v(t- i e @ Associate
.;;;1 5, Rage @ euRobotics
:I'-.. AISBL

Second wave

%
- e g s
Industrial * ‘

R leadership SPARC
é and H
(} societal impact JSEF @ REEE

uture and Emergi
Robotics & Cognitive
Systems

Associate, 12,
5%

Industry

Large, 43, 17% SR SHEEE
1"7 S - ¥ Industry Large
P Industry SME, S ® Industry SME
N 40, 15%

Industrial
robotics

and Technologies Research

for Robotics and
Mechatronics
Robotics body
of knowledge
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The second wave

ExHIBIT 1 | Worldwide Spending on Robotics Is Expected to Reach $67 Billion by 2025

Glebal robotye market ($ors,

CAGR,

2000-2025E (%)

» Military market (2015): $7.5 biltion

« UAVS, UGS, UUVs, and task robots
widely used for mititary applications

» Industrial market (2015): $11 billion

» ~1.2 million robots used In applications
such as welding, assembly, and
material handling

« In 2002, ~39% of industrial robots sold
10 auto factories

» Commercial market (2015): $5.9 billion

» Many new applications including
medical and surgical robets, agricul-
tural robots, and construction robots

« Personal market (2015 $2.5 billion

» Robots for entertainment, cleaning,

education, security, and household
applications

Milicary 81

CCAGR +o%>

Industrial 76

Commercial 123

Personal 174

2000 201SE  2020€

Sources: International Federation of Robotics, Jagan Robot Association: Japan Misktry of Econony, Trade & Industry, euRobotics; compasy
filings; BCG analysis

Nobe: UAV » unmanmed aerial vediclhe: UGV » unmanmed ground vehiche: UUY = unmanned underwater vehicle. [stimates do not include the
©ost of engineering, maintenance, trafning, or peripherals.

Rethinking Robotics for the Robot Companion of the future

Service robots for personal/dom estic use.
Units sales 2014 and 2015, and forecast 2016-2019

35,000

30,800

30.000

25,000

20,000

15,000

'000 of units

10.000

5,000

Household robots Entertainment and leisure robots

=2016-2019 =2015 =2014 Source: IFR World Robotics 2016
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The second wave

From Industry 1.0 to Industry 4.0: Towards -
the 4th Industrial Revolution

" DARPA
- ROBOTICS
CHALLENGE
WWWTHEROBOTICSCHALLENGE.ORG
4. Industrial Revolution -
based on Cyber-Physical \|
Production Systems DARPA
asort | Industry 4.0
3. Industrial Revolution -
through Introduction of =
electronics and IT for a . |
further automization =
of production Industry 3.0 §
Eirsl 2. Industrial Revolution g
(WS through introduction of mass
Mechanical AMKM) peoduciBon besed o the dvision g
Loom AVAYAS of labour powerde by ®
1704 AN | electrical energy Industry 2.0 | &
1. Industrial Revolution
through introduction of
mechanical production
facihities powered by
water and steam 3 \ \ Industry 1.0
End of Start of Start of today t
18th 20th 70les -
Century Century | o \‘

Rethinking Robotics for the Robot Companion of the future



The second wave: Robotics: a great opportunity to
innovate, connect and transform

WA
W o= R, Qw)
#¥ INTERNETof " o

. f End User Market Domains
O ;i E
: | &
4 0 | b,
—uoe 1 ! ) h echnologies

ICT enabling components
and technologies, e.g.,
MEMS, 4G, 5G

W

* The web and loT pull
new robotic applications

* Robotics expands the
boundaries of the Web
and of loT

-
o
o
|
0
»
2o
—
)
o
3
@
°
=
=

* Roboaotics integrates
enabling ICT components

* Robotics will drive the
development of new ICT

: w— components
° The Web |S an ; 3 Cw[n:l |ﬁf'd§lfwlur€ R bpt ” th

‘infrastracture’ of future s " e / 0 (7 ics putsf e t
robotics = cmergency Serices  Ogecs Tronepor g:\r/mz ;L;irgl:n of nex

RoROTS g . : P - communication networks

it . | Robots Creating new jobs in robotics

- 28" and Jobs ° Crgating new industrial opportunities (and.jobs)
P W ®Taking advantage of robotics and automation to enable GDP growth

Rethinking Robotics for the Robot Companion of the future




FAS .
Fondo Aree ¢
3 Regione Toscana Sottoutilizzate

2007-2013

FACTORY 4.0: ‘CENTAURO’ Project
SCENARIOS




This is a dismantling
scenario!
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Why we do need a Circular Economy?

Ozone depletors (Mt CFC— b Freshwater resources c Reconstructed marine
* 11-equivalent per year) . per capita (1000 m?) - catch (Mt per year)
1.54 A 130 4
/\ s A /\,\,\N
1.24 . / \\‘ 110 4 /"
A J
/ 10+ /
0.9+ / 90 4 /
/ A V\/
o / x4 i 704
S /,’
03 64 50 +
d Dead zones (number Total forest f Vertebrate species
X of affected regions) e. (billion ha) 2 abundance (% of 1970)
\ 100 A
600 o
4.10 4
0
4004 8 \
) 4.05 \
. ) \\,\
4.00 4 a6
CO, emissions h Temperature change i Population
g- (Gt CO, per year) 2 c) = (billion individuals)
1.00
74
304 0.75 4 &
i 0.50 - 54 Humans
204 .
0.254 41 ——
/ 3 = v :
104 0.004q ~_—~ Ruminant livestock
1960 1992 2016 1960 1992 2016 1960 1992 2016
Year

From: World Scientists’ Warning to Humanity: A Second Notice
BioScience. Published online November 13, 2017. doi:10.1093/biosci/bix125

BioScience | © The Author(s) * 2017. Published by Oxford University Press on behalf of the American Institute of Biological Sciences. All rights reserved. For permissions,

please e-mail: journals.permissions@oup.com

* William J. Ripple Christopher Wolf Thomas M. Newsome Mauro Galetti Mohammed Alamgir Eileen Crist Mahmoud |. Mahmoud William F. Laurance 15,364 scientist

signatories from 184 countries



Robots on the Shop-floor
BIO-AUTOMATION: the new frontier of

{ 4

automation ‘eco’, bio-inspired and human
centered

DEEP HUMAN — ROBOT COOPERATION
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A nice side-effect of Industry 4.0 and CE:
Economically and eco-sustainable refurbishment
of low quality urban areas

Richard and Su Rogers. Zip-Up Enclosures No. 1 and 2, 1968-71 KieranTimberlake Associates, Stephen Kieran and James Timberlake.
Model. On behalf of Rogers Stirk Harbour + Partners Cellophane House (Exterior)

Pictures from: K. Tadashi Oshima, R. Waern (authors), B. Bergdoll and P. Christensen
(eds). Home Delivery, The Museum of Modern Art, New York, (2008)



a) Ambient Innovation; b) Industrialization; c) Site Automation; d) Robotic Deconstruction (dismantiing
of buildings and built environments’)

from T. Block. TARSA, Teaching Automation, Robotics and Services to Architects, (2010)
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The second wave: the success stories

DARPA (American Defense Advanced Research Projects Agency) challenges have demonstrated
how current robots are becoming more accurate, fast and dexterous in structured and
unstructured environments.

Rethinking Robotics for the Robot Companion of the future



Not everything worked as expected!
The second wave: the current approach shows some limitations

On the other hand the debriefing of DARPA DRC shows clearly that humanoid robots are still far
from the required level of capabilities in fact many metrics, such as time-to-completion,
are highly application or task specific.

According to H.Yanco a minimum of 9 people were needed to
teleoperate latest DRC’s robots!!!

Rethinking Robotics for the Robot Companion of the future




Pursuing new frontiers:
The robotics bottleneck

Today, more functionality means:
* more complexity, energy, computation, cost
» less controllability, efficiency, robustness, safety

Rethinking Robotics for the Robot Companion of the future



The Robotics waves
Third wave

Bionics Simplification, i
& Self- S c%en ce Society
Bioinspiration organisation

Sustainable industrial
leadership and ubiquitous
societal impact

New wave of
use-centered
science-based

radical

Second wave Industrial

leadership

uture and Emergi

Robotics & Cognitive
Systems

First wave
@ Industrial
o s robotics

and Technologies
for Robotics and
Mechatronics

innovations

FLAG-ERA
RoboCom++
FET
FLAGSHIP
Proof-of-
concept
Project

Robotics body
of knowledge

Rethinking Robotics for the Robot Companion of the future

2017

2020




SCIENCE ROBOTICS e — Scionco

Robgtics  Robotics
< - Vol 1, Issue 1
¢ 06 December 2016

Science Robotics ... [

home  New s Topes  Carer [ ]

Scwnce Advances  Sownce Iimmunclog) Science Robotxs Scence Sgnaing  Sciencs Translabenal Medcine

Softnessis a

strength

Soft robotics expand the
boundaries of robot abilities

Massmo Brega/Kepach Produrtion

Rethinking Robotics for the Robot Companion of the future



The marvellous progress of Robotics and Al...'Look
Ma, No Hands' syndrome?




Also spracht Rodney Brooks ©

RODNEY BROOKS  Robors, Al and other seui

JUNE 17, 2017 — ESSAYS
Edge Cases For Self Driving Cars
rodneybrooks.com/edge-cases-for-self-driving-cars/

“Perhaps through this essay | will get the bee out of my bonnet that
fully driverless cars are a lot further off than many techies, much of
the press, and even many auto executives seem to think. They will
get here and human driving will probably disappear in the lifetimes
of many people reading this, but it is not going to all happen in the
blink of an eye as many expect. There are lots of details to be
worked out.”




TR [ CFECULATIONOFROBOTCSIN
REGULATES NSNS

ROBOTICS .- INTERNATIONAL SUMMER SCHOOL | 3-8 JULY 2017, PISA, ITALY
JEAN MONKET MODULE

 'Look Ma, No Hands' syndrome?
* Replication of experiments

 Performance benchmarks, challenges and competitions to
allow comparisons of results

 Needed to foster research advancement and enable
practical application of research achievements

Much Needed to define ‘How qood’ is a robot at performing
tasks




A bit of History

+2008 Euron establishes the GEM SIG (coordinated by me, John Hallam, Angel P. del Pobil as a
small fundednetworking project

* Reproducibility issues in Robotics exposed at Euron General Meeting in Prague.

*Many meetings help define the issues related to Benchmarking and Good Experimental

Ear|y S{Elo[cEll  methodology in Robotics

+2009: The IEEE RAS TC on Performance Evaluation and Benchmarking of Robotics and

2008-2010 Autonomous Systems (PEBRAS) is established

- More than 20 workshops at ICRA, IROS, RSS, ERF discuss the issues and propose
solutions

+ 2015: the very first Special issues made of Reproducible paper on an high profile
venue on IEEE R&A Magazine

+2015: the first IEEE RAS Summer School on Reproducible Research in Robotics

- Still more workshops (the latest at ICRA 2017 in Singapore)
* New cool upcoming initiatives on IEEE RAM
* The best is yet to come!




EURDPE &5 THE REGULATION OF ROBOTICS IN
=] UROPE; LEGAL, AL AND ECONOMIC
REGULATES - [T ‘

RuBUTIES e INTERNATIONAL SUMMER SCHOOL | 11-16 JULY 2016, PISA, ITALY
JEAN MONNET MODULE

The September ‘15 RAM's issue leads the way to
RR (Reproducible Research) in Robotics and Al.

A lot has been done, A lot has still to be done.

Replicable

andiVIEGSUrabIERY = What exactly is (still) missing?
RODOLICS Research




EURDPE . %/
REGULATES *4

Rﬂﬂmms snan INTERNATIONAL SUMMER SCHOOL | 3-8 JULY 2017, PISA, ITALY

Reminder: the pendulum experiment by
Galileo




AT [ FECUATONOEROROTCS N
REBGULATES »+ MPLICATIONS :
ML INTERNATY LY 2017, PISA, ITA)

Replication of experiments

g frictionless pivot

amplitude:g
: massless rod

bob's‘ S~
trajectory

e - -

e massive bob
equilibrium
position

If robotics aims to be serious science, serious
attention must be paid to experimental method.




forthe g,

An experiment in Robotics is a well defined (stochastically)
repeatable set of (stochastically) reproducible behaviors in well
defined set of (stochastically) similar set of environments (see clinical
studies in Medicine, Biology, Psychology, etc.)

; Q’.\“’ "’\~‘
£

i s

Z

f

Rethinking Robotics for the Robot Companion of the future




REGULATES r LEGAL, ETHICAL AND ECONOMIC

F ATIONS
RDBUTIES e INTERNATIONAL SUMMER SCHOOL | 3-8JULY 2017, PISA, ITALY

Performance evaluation

= :% | . e

Dyson’s robot vacuum cleaner should be considered more
intelligent than the Roomba?

How to compare, classify and rank complex
adaptive behaviors (Intelligent/Cognitive)?




EURDPE - - sl
REGULATES ~  |RVENENIGNS

RUBHTIES = INTERNATIONAL SUMMER SCHOOL | 3-8 JULY 2017, PISA, ITALY ]
JEAN MONNET MOUULE I I t A I ?
S |Ve =

Big Questions lie in front of us!

THE BIOROBOTICS
INSTITUTE
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Two views of intelligence

classical:
cognition as computation

S Kl g 22 b

embodiment: 3

cognition emergent from sensory- =~

motor and interaction processes
EURDPE -/ e

REGULATES 4

JROPE: LEGAL f AL AND ECONOMI
RuBnTIES sx'en INTERNATIONAL SUMMER SCHOOL | 3-8 JULY 2017, PISA, ITALY




Embodied Intelligence or
Morphological Computation:

the modern view of Artificial Intelligence

Classical approach The focus is o action with the
The focus is on the brain and central environment. Cognition is emergent from
processing system-environment interaction

® . Rolf Pfeifer and Josh C. Bongard, How the body shapes the way we think: a new view of
g S intelligence, The MIT Press, Cambridge, MA, 2007




Soft Robotics: a working definition

Variable impedance actuators and
stiffness control
*# Actuators with variable impedance
Compliance/impedance control

+ Highly flexible (hyper-redundant or
continuum) robots

THE BIOROBOTICS
INSTITUTE

IEEE Robotics and Automation Magazine,
B\ Scuolu Superior Special Issue on Soft Robotics, 2008
A. Albu-Schaffer et al. (Ed.s)

\/

Use of soft materials in robotics

* Robots made of soft materials that undergo
high deformations in interaction

# Soft actuators and soft components

*# Control partially embedded in the robot
morphology and mechanical properties

Kim S., Laschi C., and Trimmer B. (2013) Soft robotics: a bioinspired evolution in
robotics, Trends in Biotechnology, April 2013.

Laschi C. and Cianchetti M. (2014) “Soft Robotics: new perspectives for robot
bodyware and control” Frontiers in Bioengineering and Biotechnology, 2(3)



Outline of the talk

» Societal impacts
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Not ‘academic issues’

a o Y A -~ AL ol
bt A e e ) o , .

The ra'shh'ed-v_Teél'é' S car involved in the first fatal self
driving car accident on May 7t 2016. Source: Reuters




As early as in 2001 the first RoboEthics workshop
was held in Pisa at SSSA

FP7-SCIENCE-IN-
21

DustBot FP6 Project 2006-2009 took waste
collecting robots in the streets of the Tuscan ‘borgo’ oo

of Peccioli...From that experience ‘Law issues’ with = e 5
massive deployment of robots became clear THE ROBOLAW PROJECT HAS CONCLUDED IN MAY 2014.
....Guess who started the discussion leading to the 0 RECULATING ROBOTICS L Y 7 o sk 0 o i o
Robolaw Project 2011-2014) coordinated by SSSA.

tast ! 0D ]

, "F W
P a W Article  Talk Read Edit View history | Sesrch Wikipedia
b o

WAIKIPEDIA Dustbot

Py Tuee S ey From Wikipedia. 1ha 1ree ancyclopedin

Maiypege Dustbot is a robot that can collect garbage from homes. It can be summoned by phone

Cortents

call or 5MS, and uses GPS to automatically make its way to the customar, collect the

Festured tont
SRR rubbish, and take it to a dustbin. In addition, the Dustbots carry environmental sensors to

Current ovents

Fandorm ariol monitor the p levels over, for . & area have been
Donate 1o Wikiposa tested in ltaly, in Sweden, in Korea and Japan, and it is due for launch in 2009, The
Wikipedia stora Dustbot projact is funded by the European Commission.

“eraction
Hoip
About Wikipedia

Contents [hce]
Testing and operation

Community poral Tochnical
Recent changes Sea alko
Contact page Reforences

aAwn -

Bola Extornal links
What fnks hare
Pstalnd changss = &
Upiond file Testing and operation [eadt)
’:;0"‘““' “*‘:’T‘-‘k Dustbol is allegedly the world's first robot that comes 10 take away rubbish from & residence upon request.’! it
rmanent in >

e o can be summonad to an address by phone or SMSIZ at any time of the day."l The calier's position is

Wikidata fiem caloulated and the Dustbot is dispatched.®] Whon the robot armives “you use the robots display board to entar
Cite this page what sort of trash it is and then the robot carries #t to a dust bin”, @l said Matteo Reggente, one of the DustBot

Sy acientists ! The DustBot then opens its bin, collects the trash and takes it to a designated area.'

Groata a book The Dustbot system, consisting of the DustCart and the DustClean robots, is designed to work in light urban
Download as POF areas where large trucke find it difficult to operate.|”) such as old European cities [l It can work in narrow
Erintabie weriion streats which are difficult for large refuse trucks 1o negotiate. i The DusiClean robot can also sweep,

ﬂ Cno



RobolLaw’s Guidelines and SSSA have already
eavily influenced the EU’s Lawmakers work:--

European Parliament

IEHEIEEED@ "IN DD DN E O s o

[Q Index I < Previous ; | Next > | @ Full text

Procedure : 2015/2103(INL)

*» Document stages in plenary
cument ted A8-0005/2017
Texts tabled : Debates :
AB-0005/2017 PV 15/02/2017 - 14
CRE 15/02/2017 - 14

Votes :
PV 16/02/2017 - 6.9

Texts adopted B 255k
Thursday, 16 February 2017 - Strasbourg Provisional edition
Civil Law Rules on Robotics

P8_TA-PROV(2017)0051
= * Resolution

* Annex

p European Parliament resolution of 16 February 2017 with recommendations to the Commission on Civil Law Rules on Robotics (2015/2103(INL)) B v

The European Pariiament,
having regard to Articie 225 of the Treaty on the Functioning of the European Union,

— having regard to Council Directive 85/374/EEC

— having regard to the study on Ethical Aspects of Cyber-Physical Systems carried out on behalf of the Parliament's Science and Technology Options Assessment (STOA) Panel and managed by the Scientific
Foresight Unit (STOA), European Parliamentary Research Service;

having regard to Rules 46 and 62 of its Rules of Procedure,




Not only issues!!!Daily Workplace and Home activities

CE Directives on ‘Machines’, ‘Low Tension’, ‘Electromagnetic Pollution’, ‘ATEX" and
many others identify many ‘hazards’:

* Mechanical

» Electrical/Electromagnetical

» Biological

* Environmental

 lonizing radiations (radioactive)

They are a blueprint for intelligent robotics implementation!
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oo Other more mundane questions waiting to be answe

1

[y

Dishwasher 11 Court Clerk

Telemarketer

Boilermaker

Public
Relations

Fashion
Designer

Probability of
Computerisation
Probability of
Computerisation
Probability of
Computerisation

Biologist

0 0 0 Surgeon®
0 100 0 100 0 100
Social Intelligence Creativity Perception and manipulation

FIGURE 1. A sketch of how the probability of computerisation might vary as a function of
bottleneck variables.



THE BIOROBOTICS
INSTITUTE

Scuola Superiore
Sant’Anna

TABLE 1. O%NET variables that serve as indicators of bottlenecks to computerisation.

Computerisation O*NET Variable Ox*NET Descrniption

bottleneck

Perception Finger The ability to make precisely coordinated movements of
and Dexterity the fingers of one or both hands to grasp. manipulate, or
Manipulation assemble very small objects.

Manual The ability to quickly move your hand, your hand together

Dextenity with your arm, or your two hands to grasp., manipulate, or
assemble objects.

Cramped Work Space. How often does this job require working in cramped work

Awkward Positions spaces that requires getting into awkward positions?

Creative Originality The ability to come up with unusual or clever ideas about
Intelligence a given topic or situation. or to develop creative ways to
solve a problem.

Fine Arts Knowledge of theory and techniques required to compose,
produce, and perform works of music, dance. visual arts,
drama. and sculpture.

Social Social Being aware of others’ reactions and understanding why
Intelligence Perceptiveness they react as they do.

Negotiation Bringing others together and trying to reconcile
differences.

Persuasion Persuading others to change their minds or behavior.

Assisting and Canng for
Others

Providing personal assistance, medical attention, emo-
tional support, or other personal care to others such as
coworkers, customers, or patients_
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Management, Business, and Financial
B Computer, Engineering, and Science
Education, Legal, Community Service, Arts, and Media
I Healthcare Practitioners and Technical
I Service
I Sales and Related
Office and Administrative Support
e Farming. Fishing. and Forestry
[ ' Construction and Extraction
I Installation. Maintenance. and Repair
Production
I Transportation and Material Moving

400M
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F1GURE II1. The distribution of BLS 2010 occupational employment over the probability of
computerisation. along with the share in low. medium and high probability categories. Note
that the total area under all curves is equal to total US employment.
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BloombergTechnology - ggmﬂgnsts May Be Underestimating How Fast the Robots Are

Economists May Be
Underestimating How

Fast the Robots Are P—

Welcome to India’
etornal hartase. Incredible Indha

Coming

bv Scott Hamilton
1marzo 2017, 13:24 CET

Red Fort, Delhi

wwwincredibleindia org

— BOE blog says technological change may be quicker than thought

— Developed economies in danger of not adapting quickly enough

Economists may be underestimating the impact on labor markets of
increasing automation and the rise of artificial intelligence, according to a
post published on the Bank of England’s staff blog on Wednesday.
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Manufacturing wages per hour (3), constant prices
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Desktop Robotic Arm That

Does Everything
Affordable 3D Printing & Laser Engraving

. weex - sox orr |

Seeced Grove | OpenMV Cam |
Open Source for Arduino/Ros

The Opinion Pages  EDITORIAL

No, Robots Aren’t Killing the American Dream
By THE EDITORIAL BOARD  FEB. 20, 2017 o ° ° il \Ei




Q U A R T Z OBSESSIONS

DROID DUTIES

The robot that takes your job should pay
taxes, says Bill Gates

Why Bill Gates would tax robots
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Mark Cuban calls universal basic income samsy
'‘one of the worst possible responses' to
robot automation

Chris Weller
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INNOVATION & TECHNOLOGY

YANIS VAROUFAKIS

Yanis Varoufakis, a former finance minister of Greece, is Professor of Economics at tl
Athens.

FEB 27, 2017 w31 == English

Inventing the
Future

A Tax on Robots?

ATHENS - Ken makes a decent living operating a large harvester on behalf
Luke. Ken’s salary generates income tax and social security payments that
government programs for less fortunate members of his community. Alas,
to replace Ken with Nexus, a robot that can operate the harvester longer, m
any weather, and without lunch breaks, holidays, or sick pay.

Postcapitalism
and a World
Without Work

Nick Srnicek
Alex Williams



Welcome to the United Nations. It's your world

Development Departments « Regions ~

nited Nations
epartment of Economic and Social Affairs
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World population projected to reach 9.7 billion by 2050

The current world population of 7.3 billion is expected to reach 8.5 billion by 2030, 9.7
billion in 2050 and 11.2 billion in 2100, according to a new UN DESA report, “World
Population Prospects: The 2015 Revision”, launched today.

“Understanding the demographic changes that are likely to unfold over the coming years,
as well as the challenges and opportunities that they present for achieving sustainable
development, is key to the design and implementation of the new development agenda,”
said Wu Hongbo, UN Under-Secretary-General for Economic and Social Affairs.

Most of the projected increase in the world's population can be attributed to a short list of high-
mainly in Africa, or countries with already large populations. During 2015-2050, half of the worl
growth is expected to be concentrated in nine countries: India, Nigeria, Pakistan, Democratic
Congo, Ethiopia, United Republic of Tanzania, United States of America (USA), Indonesia and
according to the size of their contribution to the total growth.
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News Parks at 100 Photography Adventure Te

MAGAZINE | JANUARY 2016

See for Yourself: How
Arctic Ice Is
Disappearing

Since satellites began regularly measuring Arctic sea ice in 1979, it has
declined sharply in extent and thickness. Much of the ice that’s there in winter
is thin stuff that doesn’'t survive the summer. The loss of ice is affecting the
entire Arctic ecosystem, from plankton to polar bears. And some scientists

think that, by altering the jet stream, it’s affecting weather—and people
around the Northern Hemisphere.
Graphics and maps by Lauren James, Jason Treat, Ryan Williams, Chiqui
Esteban, and Chris Combs
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M UK world sport football opinion culture business lifestyle fashion environment

home ) world ) australia africa middleeast cities development europe US americas asia
et Australia’s new normal ... as city

temperatures hit 47C people shelter
from the deadly heat

In Sydney's baking suburbs, fans have sold out - and fears about the effects of
climate change are mounting

-
-
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Uncoped issues:
The new Needs of ageing societies

PREVENTION

Supporting and
\ | maintaining
AQoL cognitive and
< motor abilities
before severe

N diseases,  -pEND &l

Quality of Life

AQ

rhgd Age & ACTIVE
AGEING
Without devices and services Supporting

Effects of prevention /ndependence of
Effects of support and compensation elderly




How can STI (Science, Technology and Innovation) contribute to the new
needs of ageing societies?

Service
D S, Robotic




Legal and Insurance issues
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What we need to be able to evaluate robots?

= Testing and evaluation Infrastructures
(‘Nardo’++!!!)

= ‘Special sites’ — for example small towns — where it
IS possible to asses the convivence of humans and
intelligent robots and systems

= DATA, DATA, DATA!!!




A glimpse to the future

In a 5-15 year perspective a radical paradigm change in the full cycle
of consumer service-products from raw materials to disposal will likely

become mature.

« continuous progress in the price/performance ratio of computing
equipment (see R. Kurzweil, “The singularity is near’) and new
paradigm computing (neuromorphic, quantum...)

 transition from a ‘browsing’ internet to internet computing,

« continuous reduction in the cost of manufacturing — towards personal
fabrication

» expected progress in cognition sciences, robotics and Al

» the emergence of bio-automation




Swarm intelligence eco/bio inspired systems should connect the
consumers to the intelligent service agents in the physical and
cyber world negotiating between demand and supply and
continuosly adaptively managing the available resources
(material, energy) , cognitive physical agents (from mining to
manufacturing to distribution to disposal), intelligent autonomous
design/supply management sytems, etc. to meet users needs.

A totally new sustainable ecology of service/products
might emerge.




A concept picture of the envisioned
manufacturing and supply system

C;T) Final User
R -~

-
\R

—

_‘\‘_"-—\,.x_‘

Retail

Local Customization &
Assembly

rﬁ\ e
w WW E W WW Logistics >




Towards a 'new' industry?

The achievements in the theory and practice of autonomous intelligent
physical agents already obtained, and those expected by the third wave,
make possible a complete redesign of the manufacturing technologies
and a drastical improvement of production practice and economics.

Are we close to yet another industrial revolution?
Far beyond what it is called Industry 4.07?




Outline of the talk

 Last but not least: the Koans!




Group Project Kbans

ShanghAl Lectures 2017




“A Koan (NZ) ... is a story, dialogue, question, or
statement, which is used in Zen-practice to provoke the
‘great doubt’, and test a student's progress in Zen practice.”

Wikipedia




ategorization and Symbol Gr

Brain and Body evolution vs Brain
evolution

Disadvantages
* Real implementation of results can be very tricky
* Perform this kind of evolution in real environments it's a big challenge.

more complex

* High computational cost

Advantages
* No need of a initial "optimal” structure.

oan 12: Investigating the basis for

g the shape detector

*  input Parameters: Amp. Ki l‘(l f .

¢ Fitness

Optimization setup
optimal St number 0,25 - 0,35

*  Output Parameters: A St 'I&

OF = (MM asw I




Group allocation

@ Assigned according to kban preference
(O Max 5 students per group
(O We aim to make groups as international as possible

@ We encourage HW solutions (e.g. 3D printing)
(O Local core of students ok for local HW (contact us)
(O But must remain open to students from other sites

@ Thinking outside of the box required!
(O No single “correct” answer to any of the Kdoans

THE BIOROBOTICS

INSTITUTE
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Students’ TODOs

1. Read through details of the different kdbans
(O This presentation will be available from website (kdans tab)
O A living document, may be updated as we go along

2. Reqister for participation in the kbans by December 26 23:59 CET
O Through (from this Saturday) the website or just drop an email
by December 26 at the latest
O Indicate your preferred ones (3 in order of preference)
O  You will be assigned group and tutor




Let’s surf the third wave!

Third wave

Second wave f ﬂ

First wave

Sustainable
industrial
leadership and

ubiquitous

New wave o
use-centered
science-based

Advanced
Future and
Emerging Rob

Methodologies
and Technologies
for Robotics and
Mechatronics

robotics

2015 2020
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O e s s and the promise of robotics....

JEAN MONKET MODULE




Human centered design Science, Technology, Innovation
for a
Global Renaissance
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Thank you!




