
The BioRobotics Institute 
 Scuola Superiore Sant’Anna, Pisa 

 
Lecture 8  

Grab Bag, Summary and topics to discuss 
 

Fabio Bonsignorio1,2,3,4,5,6  
 

RoboCom++ Embodied Intelligence in Natural and Artificial Agents WG Leader1  

SPARC TG Benchmarking and Competitions2 

IEEE RAS TC-PEBRAS3 

Member SPARC Board of Directors4 
 

The BioRobotics Institute, SSSA5 

 and Heron Robots6 

 
 
 

 
 



 

 
 

Prologue  

 

      

   



The “frame problem” (1) 
From: Dennett*, D.C. 1987. “Cognitive Wheels: The Frame Problem in AI”, in Pylyshyn, 
Z.W., ed., The Robot’s Dilemma: The Frame Problem in Artificial Intelligence. Norwood, 
NJ: Ablex, pp. 41–64. 

R1: (naive J) robot 
 
 
*Daniel Dennett, 
American philosopher 
(philosophy of mind) 

3 Illustration: (adapted from) Isabelle Follath  

INSIDE(R1,ROOM) 
ON(BATTERY,WAGON) 
PULLOUT(WAGON, ROOM) 



Not as expected 



The “frame problem” (2) 
From: Dennett*, D.C. 1987. “Cognitive Wheels: The Frame Problem in AI”, in Pylyshyn, 
Z.W., ed., The Robot’s Dilemma: The Frame Problem in Artificial Intelligence. Norwood, 
NJ: Ablex, pp. 41–64. 

R1D1:  
Robot Deducer 
(it deduces the implications 
of its own acts) 

 
*Daniel Dennett, 
American philosopher 
(philosophy of mind) 

5 Illustration: (adapted from) Isabelle Follath  

INSIDE(R1D1,ROOM) 
ON(BATTERY,WAGON) 
COLOUR(PULLOUT(WAGON, ROOM)) 
=UNCHANGED 
… 
… 
WHEELS(REVOLUTIONS, PULLOUT(.))=… 



In the meantime… 



The “frame problem” (3) 
From: Dennett*, D.C. 1987. “Cognitive Wheels: The Frame Problem in AI”, in Pylyshyn, 
Z.W., ed., The Robot’s Dilemma: The Frame Problem in Artificial Intelligence. Norwood, 
NJ: Ablex, pp. 41–64. 

 
R2D1(aka ‘Hamlet’): 
Robot Relevant 
n Deducer  
(it discards not relevant 
implications 
of its own acts) 
 
 

7 Illustration: (adapted from) Isabelle Follath  

INSIDE(R2D1,ROOM) 
ON(BATTERY,WAGON) 
COLOUR(PULLOUT(WAGON, ROOM)) 
=NotRelevant 
… 
… 
WHEELS(REVOLUTIONS, PULLOUT(.))= 
NotRelevant 
… 
Not Relevant …Not Relevant… 
Not Relevant…. 



You know the story… 



Summary of Dennett’s points 

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

n  vast number of potential side effects, mostly irrelevant 
 
 
distinction between relevant and irrelevant inferences                  
must test all 
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Also spracht Rodney Brooks J 
 
JUNE 17, 2017 — ESSAYS 
Edge Cases For Self Driving Cars      
rodneybrooks.com/edge-cases-for-self-driving-cars/ 
 

“Perhaps through this essay I 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 J 
 
•  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) 

Traders looking at screens during the global market 
crash of 2008 (seekingalpha.com) 

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



 
Outline of the talk 
 
•  Robotics ‘waves’ 
•  Industry 4.0  
•  I4.0 impact on the Circular Economy 
•  Another I4.0 side effect: impact on Construction Industry 
•  Open issues with  current ‘paradigms’ and approaches, and the road ahead 
•  Societal impacts 
•  Last but not least: the Koans! 
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Older and newer attempts
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 by picking the strings 
of a real lute. 

Hiroshi Ishiguro, early XXI century  
Director of the Intelligent Robotics Laboratory, part of the Department 
of Adaptive Machine Systems at Osaka University, Japan 



Rethinking Robotics for the Robot Companion of the future  Rethinking Robotics for the Robot Companion of the future  Rethinking Robotics for the Robot Companion of the future  

Recent successes: the first wave 
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The first wave 
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Worldwide annual supply of 
industrial robots 2001 – 
2019*  

Source: IFR (International Federation of Robotics) World Robotics 2016 
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The second wave 
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The second wave 
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The second wave 
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The second wave: Robotics: a great opportunity to 
innovate, connect and transform 

30 

Robotics market domains 

ICT enabling components 
and technologies, e.g.,  

MEMS, 4G, 5G 
•  The web and IoT pull 

new robotic applications 
•  Robotics expands the 

boundaries of the Web 
and of IoT 

•  The Web is an 
‘infrastracture’ of future 
robotics 

•  Robotics integrates 
enabling ICT components 

•  Robotics will drive the 
development of new ICT 
components 

•  Robotics pulls the 
development of next 
generation  
communication networks •  Creating new jobs in robotics

•  Creating new industrial opportunities (and jobs) 
• Taking advantage of robotics and automation to enable GDP growth

Robots 
and Jobs 



FACTORY	4.0:		‘CENTAURO’	Project	
SCENARIOS	

iGrind	 iSort	

iTest	iWear	



This is a dismantling 
scenario! 
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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 I. Mahmoud  William F. Laurance 15,364 scientist 
signatories from 184 countries 

Why we do need a Circular Economy? 



Robots on the Shop-floor 
BIO-AUTOMATION :	 the	 new	 frontier	 of	
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 
Model. On behalf of Rogers Stirk Harbour + Partners 

KieranTimberlake Associates, Stephen Kieran and James Timberlake. 
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) 



Urban Refurbishment  
 

a)  Ambient Innovation; b) Industrialization; c) Site Automation; d) Robotic Deconstruction (‘dismantling 
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 

66 

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

67 

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!!!   
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Pursuing new frontiers: 
The robotics bottleneck 

68 

Today, more functionality means: 
•  more complexity, energy, computation, cost  

•  less controllability, efficiency, robustness, safety 
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The Robotics waves 
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SCIENCE ROBOTICS 
 



The marvellous progress of Robotics and AI…'Look 
Ma, No Hands' syndrome? 

 



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

“Perhaps through this essay I 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.” 



•  '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 good’ is a robot at performing 
tasks   



A bit of History 

Early stages
2008-2010 

• 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 
methodology in Robotics 

• 2009: The IEEE RAS TC on Performance Evaluation and Benchmarking of Robotics and 
Autonomous Systems (PEBRAS) is established   

2010-2016

•  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 

Today

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



The September ‘15 RAM's issue leads the way to 
RR (Reproducible Research) in Robotics and AI. 
       
A lot has been done, A lot has still to be done. 
 
 
 
What exactly is (still) missing? 
 



 
What is an 'experiment' in robotics?  
 

Reminder: the pendulum experiment by 
Galileo 



If robotics aims to be serious science, serious 
attention must be paid to experimental method.  
 
 
Again, what is an 'experiment' in robotics?  
 

Replication of experiments 
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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.) 

81 



Dyson’s robot vacuum cleaner should be considered more 
intelligent than the Roomba?  
How to compare, classify and rank complex 
adaptive behaviors (Intelligent/Cognitive)?  
 

Performance evaluation



Statistical significance 
 

Picture source: 
wikipedia 

Is It Alive?

�149

Big Questions lie in front of us! 



1
0
4

Two views of intelligence

classical:  
cognition as computation

embodiment:  
cognition emergent from sensory-
motor and interaction processes



Comparison and ranking 
Soft%Robotics:%a%working%definition

Variable%impedance%actuators%and%
stiffness%control

∗ Actuators%with%variable%impedance%
∗ Compliance/impedance%control%
∗ Highly%flexible%(hyperBredundant%or%

continuum)%robots

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

IEEE#Robotics#and#Automation#Magazine,% 
Special%Issue%on%Soft%Robotics,%2008%

A.%AlbuBSchaffer%et%al.%(Ed.s)

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)

Embodied(Intelligence(or( 
Morphological(Computation:( 

the(modern(view(of(Artificial(Intelligence

Classical'approach'
The(focus(is(on(the(brain(and(central(

processing

Modern'approach'
The(focus(is(on(interaction(with(the(

environment.(Cognition(is(emergent(from(
system?environment(interaction

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

PARADIGM CLASHES  
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The crashed Tesla S car involved in the first fatal  self 
driving car accident on May 7th 2016. Source: Reuters 

Not ‘academic issues’ 
 



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

DustBot	FP6	Project	2006-2009		took	waste	
collecting	robots	in	the	streets	of	the	Tuscan	‘borgo’	
of	Peccioli…From	that	experience	‘Law	issues’	with	
massive	deployment	of	robots	became	clear	
….Guess	who	started	the	discussion	leading	to	the	
RoboLaw	Project	2011-2014)	coordinated	by	SSSA.	
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RoboLaw’s Guidelines and SSSA have already 
heavily influenced the EU’s Lawmakers work… 



 

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 
•  Ionizing radiations (radioactive) 
•  … 
            They are a blueprint for intelligent robotics implementation! 

      

   



Other more mundane questions waiting to be answered 
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INDEPENDENT 
& ACTIVE 
AGEING

Supporting 
independence of 

elderly 

Uncoped issues:  
The new Needs of ageing societies

Quality of Life

Without  devices and services
Effects of prevention
Effects of support and compensation
Effects of indipendent and active ageing

PREVENTION
Supporting and 

maintaining  
cognitive and 
motor abilities 
before severe 

diseases 

COMPENSATION 
& SUPPORT
Supporting 

cognitive and 
motor abilities 
after severe 

diseases

ΔQoL

ΔQoL

ΔAge Age

Some outcomes from AAL2 and RobotEra Projects, Paolo Dario coordinated RobotEra. 
Filippo Cavallo (also from our group) was the pm.
 



Internet of 
Things

Service 
Robotics

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



 
§  Testing and evaluation Infrastructures 
 (‘Nardò’++!!!) 

§  ‘Special sites’ – for example small towns – where it 
is possible to asses the convivence of humans and 
intelligent robots and  systems  

 
§  DATA, DATA, DATA!!! 

What we need to be able to evaluate robots? 



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 AI 
•  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 



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 4.0? 
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Group Project Kōans

ShanghAI Lectures 2017



“A Kōan (公案) … 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





Group allocation
●  Assigned according to kōan preference
○  Max 5 students per group
○  We aim to make groups as international as possible

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

●  Thinking outside of the box required!
○  No single “correct” answer to any of the Kōans



Students’ TODOs
1.  Read through details of the different kōans
○  This presentation will be available from website (kōans tab)
○  A living document, may be updated as we go along 

2.  Register for participation in the kōans by December  26 23:59 CET
○  Through (from this Saturday) the website or just drop an email 

by December 26 at the latest
○  Indicate your preferred ones (3 in order of preference) 
○  You will be assigned group and tutor



Let’s surf the third wave!
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Naval Air Station Lakehurst in Manchester Township, New Jersey, United States 

 
 

The fears… 



 
 

 

and the promise of robotics…. 



Human centered design Science, Technology, Innovation  
for a  

Global Renaissance 
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Thank you! 
 
 


