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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 string
of a real lute. & o

Hiroshi Ishiguro, early XXI century

INSTITUTE

oo, Director of the Intelligent Robotics Laboratory, part of the

/7 Department of Adaptive Machine Systems at Osaka
Universitv. Janan




Old attempts
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The first wave

Mechanical Computer Control
Engineering Science Engineering

First wave

@

and Technologies \JE o
for Robotics and Robotlf"sw
Mechatronics

Robotics

" 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 - ..........

peryear onaverage

2019

Mechanical Computer Control AIAE AR NN
Eng i nee ring science Eng i nee ri ng iaeeas Source: IFR (International Federation of Robotics) Wdifd

First wave

L

Industrial
robotics

and Technologies
for Robotics and
Mechatronics
Robotics body
of knowledge

1960 2000
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T h e Se CO n d Wave Membership development

280 member organisations

= Fa
. VP - ";""‘ Legend:
loT Machine Artificial Eo = @ industry
Learning Intelligence & A = T @ Researn
F 'v(!» B3l goa ...... @ Associate
% s [ Roboti
-t ounl e

— - ‘ . -
Industrial ‘? ,.}_:Z.:'"% ““‘ v”':'l'j':v ZSu

Second wave ? -
77&9 leadership SPARC e S Yo e OBOTI
(¢) and B e -

Advanced,
uture and Emergi
Robotics & Cognitive
Systems _

societal impact

Industry
Large, 43, 17% RS [eEI (]

M Industry Large

Industry SME, = ® Industry SME
40, 15% 4

First wave

@

Research, 160,
63%

Industrial
robotics

Research

and Technologies
for Robotics and
_ Mechatronics _
Robotics body
of knowledge
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The second wave

Data are very important, but they are not all in a digital economy. ACTIONS, MOBILITY and STRENGTH are
also needed! Robotics: a great opportunity to innovate, connect and transform. Robotics is technology
and business, but it is also creativity and fun!

“[...] The size of the robotics market is projected to = 1  60%
grow substantially to 2020s. This is a global market . ».,. = o
and Europe’s traditional competitors are fully N Zaas NS % g T 55%
engaged in exploiting it. Europe has a 32% share of Yle ol ‘:__ co%
the industrial market. Growth in this market alone is ‘ ,,i i .
estimated at 8%-9% per annum. Predictions of up to o B s T 5%
25% annual growth are made for the service sector S Oy U R A=
where Europe holds a 63% share of the non-military S~
market. [...]" ' 7 I
“[...] From today’s €22bn worldwide revenues, e
robotics industries are set to achieve annual sales of L 25%
between €50bn and €62bn by 2020. [...]" S s .. &

Robotics is one of the 12 disruptive technologies identified by
McKinsey

Rethinking Robotics for the Robot Companion of the future




The second wave

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

et oot ¢ o Fbilions Units sales 2014 and 2015, and forecast 2016-2019
80, 35,000

: CAGR,
2000-2025E (W) 30,800
689 = Military mariet (2015): §7.5 béllion 30,000
i » UAVE, UGYS, LUV, and tash sobots
®| Military 81 widety Used for mititary applications

= Industrial market {2015): $11 billion 25,000

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

Indissteial 74 = 1 2012, ~39% of industrial robots sold
to autn factories

= Commercial mariet (2015): $5.9 béllion
» Mary new applications including
Commercial 121 muetical and surgical robts, agricul- 10.000
twral robots, and consiruction robotls !

= Personal marked (2015 $2.5 billion

20,000

15,000

'000 of units

Personal 174 » Robots for enterainment, cleaning, 5,000
= - education, security, and household
W00 2015E  2020E applcations s
0
Sources: International Federation of Robotiis, japan Robot Asockition; jagan Misistry of Ecorarry, Trade & induitfy. eullebotics; compardy Household robots Entertainment and leisure robots
fitings; BCG anabyuls.
Note: LAY » unmasned aerial vehicle, UGV = ynmanned pround vehicle, UUY = unmanned underwater vebicle. [vtimates do not include the u2016-2019 ®=2015 =2014 Source: IFR Worki Robotics 2016

€08 of eNEINeErng. MaRTEnanie, iF sveng, o perpherals.

Rethinking Robotics for the Robot Companion of the future



The second wave

From Industry 1.0 to Industry 4.0: Towards bar 2018

the 4th Industrial Revolution 'DARPA

- ROBOTICS
- CHALLENGE

WWWTHEROBOTICSCHALLENGE.ORG

N

4. Industrial Revolution g N
based on Cyber-Physical
Production Systems DAR PA
103 k lndus h y 4‘0
3. Industrial Revolution >
through Introduction of ]
electronics and IT for a 2
, ; further automization a
) of production Industry 3.0 | §
Firsl / I\ 2. Industrial Revolution ‘_-’6
(WS the odu ¢
Mechanical  \RZD| o o te dvinon B
Loom avavay of labour powerde by @
7o AN | deicalenery Industry 2.0 | 3
1. Industrial Revolution
theough introduction of
mechanical production
faciities powered by
water and steam | | Industry 1.0 |
End of Start of Start of today t
18th 20th 70les &S
Century Century = \'

Rethinking Robotics for the Robot Companion of the future




The second wave: Robotics: a great opportunity to
innovate, connect and transform
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new robotic applications RObbCF'CS Ilg’flggrates t
° RObOt|CS eXpandS the = Domestic Appliances Mining and Minerals ena |ng Componen S
i , f | RS oty e Do » Robotics will drive the
boundaries of the Web Kot || ation i Warrtie. dEEBPment of new [CT
TR 1 5 Marketing
and of loT ) ;
. - components
° The Web |S an CNII:—I Infrastructure Robcp)tlcs u"S the
A 3 nvironment L]
infrastracture’ of future Search and Rescue Poopl Transpor #velo mZn t of next
1 oods Transport
robotics [ s e Wanhousig generart)ion
Rosors ¢/ . - L , communication networks
& ' Robots Creating new jobs in robotics
v “ and Jobs *® Creating new industrial opportunities (and jobs)
ﬁ“ ” ®Taking advantage of robotics and automation to enable GDP growth

Rethinking Robotics for the Robot Companion of the future




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.

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

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.

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

Sustainable industrial
leadership and ubiquitous
societal impact

Bionics Simplification, c it New wave of
ognitive : use-centered
i &. 0 Se_lf-t_ Science SOCIety science-based
Bioinspiration Sl I el radical z
innovations o
Second wave % X, Industrial >
i, D leadership
& N and — FLAG-ERA
Az vanced, ; ; H < lZ )20
K future and Emergi societal impact & = RoboCom++
< Robotics & Cognitive
. (’ Systems _ FET
First wave FLAGSHIP
@ Industrial Proof-of-
o robotics
concept
and Technologies :
for Robotics and PrO]eCt

Mechatronics

" Robotics body 1
of knowledge

Rethinking Robotics for the Robot Companion of the future



BioRobotics and Bionics convergence 2011 ;
Ié
RN | The BioRobotics Institiite in
PhD in BioRobotics at IMT : Pisa
(Lucca) and SSSA u
ACS Mid-2000s
B'\ORobo“ Neuro-robotics and Soft- TODAY
2000s Robotics Bic;?efbotics

Service apd Biomedical applicati
Humanoid Clinically.i i\ / o

v Robotics | — artificial organs and Iimbf io(w Vi
1970s . - Technical

e 'dustrial Robotics . ’ B‘\o“.\cs y_ ommittee in

g Bioinspiration . and Bionics
1980s
1990s . . 2005+ -

1975-1990 - iNeW BioRobotics
((:, Robots and Biological Systems: Towards a New :
O Bionics? — 2006
(o) (Proceedings of the NATO Advanced Workshop on Robots and Biological s&.ﬁ'%;_{? BioRob International

Editors: Dario, Paolo, Sandini, Giulio, Aebischer, Patrick)

conference

. L4 I /]
1976-78
The Bionic Woman “killed” the newborn bionics

%\ . (Von Gierke)
1970

Principle and practice of Bionics (Henning Edgar vga

. 1961 Gierke, 1970)
irst published report on Bionics

(Science Vol. 133 no. 3452 pp. 588-593

Rethinking Robotics for thie Roboi Coimpaiion of the future



SCIENCE ROBOTICS sme _— Scionce

. & o
Science Robotics...

Table of Contents
Home News Journals Topics Careers

SCRnce scimnce Advances SCRNCH IMmunciog)

Softnessis a

strength

Soft robotics expand the
boundaries of robot ahilities

Massimo Brega/Kepach Prodirtion

Rethinking Robotics for the Robot Companion of the future




A EERA |/ REGULATION OF ROBOTICS IN
REGULATES |1

EUROPE: LEGAL, ETHICAL AND ECONOMIC
MPLICATIONS

ROBOTICS 14 INTERNATIONAL SUMMER SCHOOL | 11-16 JULY 2016, PISA, ITALY
JEAN MONNET MODULE

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




Also spracht Rodney Brooks ©

RODNEY BROOKS Robors, Al and orher stutf

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.”
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 '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

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

+ 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!




We are not alone: the reprodumblllty Ccrisis’
& o nature ...

Home ‘ News & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | For Au

About This Blog | About PLOSONE | Events

SPECIAL > See all specials

< Previous

Promoting reproducibility by emphasizing i
re p 0 I’tl n g : P LO S O N E'S a p p roa C h Science moves forward by corroboratlon when researchers verify others’ results. & |eT re advances




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.

What exactly is missing?
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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 i e B & o
andiIVIEGSTrabIERERY What exactly is (still) missing?




Reminder: the pendulum experiment by
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g frictionless pivot

amplitude:g
; massiess rod

bob's — ~ ~
trajectory

- v LY - o

pasition

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




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.)

Rethinking Robotics for the Robot Companion of the future
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Dyson’s robot vacuum cleaner should be cbnidered more
intelligent than the Roomba? (it costs 3 times as much....)

How to compare, classify and rank complex
adaptive behaviors (Intelligent/Cognitive)?
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Number 1 Issue: Reproducibility of experiments

A new kind of papers?

We may think of theoretical/concept papers, proof of concept
papers, and experimental papers , as we have started to define
here, as steps in a research idea 'life-cycle'. We believe that
more paper of the 'experimental' kind would greatly help the
research activities in robotics and the industrial exploitation of the
results.
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A new Kkind of papers?

= ‘description’ : a journal paper text+figures+ multimedia
..according to GEM Guidelines (or similar)

= Data sets (attachments, not just ‘multimedia’

= Complete ‘code’ identifiers and or downloadable code
(executables may be enough)

= "HW’ description or HW identifier (if it is identifiable)




A new kind of papers?

EXAMPLE:

throughput.sourceforge.net

A reproducible HRI experiment published in RAM
Dec. 15 issue




A new kind of papers?

The Euron Good Experimental Methodology Guidelines

Is it an experimental paper?
Are the system assumptions/hypotheses clear?
Are the evaluation criteria spelled out explicitly?
What is being measured and how?
Do the methods and measurements match the criteria?
Is there enough information to reproduce the work?
. Do the results obtained give a fair and realistic picture of the system being
studied?
8. Are the drawn conclusions precise and valid?

NoOakowN =~

http://www.heronrobots.com/EuronGEMSig/downloads/GemSigGuidelinesBeta.pdf




A new kind of papers?

Replicable experiments for human-robot systems?

a) b)
o
|
|
|
|
|
|

Experiment “control” = » Experiment realism




(a few) Critical Points

Robot requirements:

Simulated robot on commercially available simulator available
(commercially or open source) real robot platform

Human experiment requirements :

Sufficient data: Participant statistics, participant instructions, experiment
protocol

Sufficient “control”: Sufficient repetitions, clear success/failure criteria,
confidentiality ++

Informed consent, ethical issues (including forms © ), boundary with clinical
protocols)




What should be ‘Opensource’?

Should ALL experiment software be open?

= Not necessarily: for hypothesis confirmation/refutation
=  Sourceforge: Open source “experimentware” ok?

Minimum software requirements:

» All executables and configuration files
* All shared libraries or instructions for install

Licensing:

e (Code: LGPL-3.0
* All other content: Creative Commons Attribution 3.0




Example (from RAM December 15’s issue)

What metrics can be applied to evaluating shared
control?

« Mean Time (MT)

« Errors

« MT and errors (one metric)?
* Information metrics?

Case study:

*  Online adaptation of collision limitation A
behavior e
« 5 participants @ 1 hour each W, S8




Description
Abstract

Assistive robots are increasingly being envisioned as an aid to the elderly and disabled. However controlling a robotic system with a
potentially large amount of Degrees of Freedom (DOF) in a safe and reliable way is not an easy task, even without limitations in the
mobility of the upper extremities. Shared control has been proposed as a way of aiding disabled users in controlling mobility aids
such as assistive wheelchairs, by using the sensors of the robotic platform to predict the user’s intent and assist in navigation.
Assistive manipulators, that aim to perform physical Daily Life Activities (DLA), is a more complex problem however. The problem
arise from the exponential increase in the size of the state-space with DOF and the increased level of accuracy required for
manipulation. Another complication is the potential need for adapting the system to each user's abilities and disabilities. This calls for
good experimental practices to ensure repeatability, reproducibility, and steady progress. The work presented here attempts to model
the complete system for assistive manipulators, and in the context of this model define metrics and good practices for benchmarking
shared control for such robots. An adaptive shared control approach for limiting collisions during teleoperation is used as a case
study.

Link
Coming soon...
Citation

@article{Maintainer,

author = {Stoelen, M.F. and Tejada, V.F. and Jardon, A.H. and Bonsignorio, F. and Balaguer, C.},

journal = {to be presented at the 2012 IEEE/RSJ International Conference on Intelligent Robots and Systems},

title = {Benchmarking Shared Control for Assistive Manipulators: From Controllability to the Speed-Accuracy Trade-Off},
year = {2012}

}

Data sets

All Cartesian trajectories. All trial-level results. Development of neural network weight matrices over time. Matlab examples for
loading traj; ies, plotting the trial-level results and visualizing the development of the neural network weights. See
[AdaptiveCollisionHand-DataSets].

Code

Complete set of executables, Linux 32 and 64 bit. Tested on Ubuntu 10.04 for 32 bit and 11.04 for 64 bit. See




Archive content

Code

= 7 executables, Linux 32 and 64 bit
= Shared libraries

= Models and configuration files

data_sets

184 MB of raw data (csv text files)
Trajectories, MT, errors, NN weights
method

Example video

Questionnaires

Consent form w/ participant instructions




Replication

Hardware requirements:

* Modern multicore desktop computer
« 3DConexion SpaceNavigator: 99 $ (US)

Full instructions for installation and setup

« All experiment executables provided
* Freely available shared libraries used: (OpenRAVE, YARP, C++)




Reference results

Trial-level data

« MT (medium time), errors and number of attempts
Cartesian trajectories

« User velocity input

* Noise input

« Shared control output

Neural network data

*  Weight matrix stored every 3 seconds




A new kind of papers?

Total effort to replicate: 1-2 hours (on clean Ubuntu
machine) but...

Time needed for the setup: a few days (under pressure,
but first time)—> a very small fraction of the overall effort
to set up the experiments and get the results....

—> Conclusions?®©




EURDPE @ THE REGULATION OF ROBOTICS IN
REGULATES

EUROPE: LEGAL, ETHICAL AND ECONOMIC
MPLICATIONS

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

Reproducible Research now an IEEE priority

@ FROM THE EDITOR,S DESK €O CODE OCEAN ABOUT  PLANS  HELP  CONTACTUS SIGN UP

Discover & Run Scientific Code

ResearCh Re rOduCibility and Performa“ce Code Ocean is a cloud-based executable research platform
Evaluation for Dependable Robots

By Eugenio Guglielmelli

B O & % 4 & @

PHYSICS CHEMISTRY ENGINEERING BIOLOGY SOCIAL SCIENCES MATHEMATICS ECONOMICS
g i< issue of IEEE Robotics ¢ issue, the IEEE Robotics and ability was introduced for MEDICAL SCIENCES 4772017 [l ENGINEERING JAN 2017 COMPUTER SCIENCE WAY2017
Automation Magazine (RAM)  Automation Society demon- computer systems in 1992 \
focuses on reproducibility and  strates that we are well aware 1 by the late Dr. Jean Claude
Lk afeckais Cand sl ith Loozi i bacat
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We will need shared testing facilities and shared
protocols.....to calculate insurance fees (like LHC
and Nardo’s VW autodrome)
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It’s complicated!




It’s complicated:

Reminder: Type | and Type Il errors (in statistics)

* ‘null hypothesis’: An example of a null hypothesis is the statement
"Smoke has no effect on the probability to suffer with bronchitis” The
purpose it to prove that actually smoke influence you probability to

develop a bronchitis.

 type | error (aka “error of the first kind”) ‘Cry wolf you believe
something when it is actually false

« type Il error (aka “error of the second kind”) you believe it is not
true something that it is true
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It’s complicated:
Reminder: Statistical significance

An experiment is statistically significant if the ‘p-value' is equal to or smaller than the
significance level (a), a threshold value is chosen, called the significance level of the
test, traditionally 5% or 1%.

The p-value can calculated as the probability of obtaining the observed measured
values (sample results), or "more extreme” ones, when the “null hypothesis” is true. It
depends on the probability distribution (customary a Gaussian)

An ‘high’ p-value means that it is unlikely that the “null hypothesis” is true and thus that
hypothesis must be rejected (_ this does not mean that the NOT( “null hypothesis”)
should be accepted as true for this reason only ). This test guarantees that the
probability of a Type | error is minor or equal to a. (that you don’t ‘cry wolf’)
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It’s complicated:
Statistical significance

Important:

Pr (observation | hypothesis) # Pr (hypothesis | observation)
The probability of observing a result given that some hypothesis
is true is not equivalent to the probability that a hypothesis is true

given that some result has been observed.

Using the p-value as a “score” is committing an egregious logical error:
the transposed conditional fallacy.

More likely observation

\

1

P-value

Very un-likely
observations

Very un-likely
observations

Probability density

Observed
data point\

Set of possible results

1
-«

— 1
’ o

A p-value (shaded green area) is the probability of an observed
(or more extreme) result assuming that the null hypothesis is true.

Picture source:
wikipedia



Is It Alive?

Big Questions lie in front of us!

THE BIOROBOTICS
INSTITUTE

149



Two views of intelligence

classical:
cognition as computation

embodiment: :
cognition emergent from sensory-
motor and interaction processes

TTTTTTTTTTTTTT




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
' 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

—

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
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IEEE Robotics and Automation Magazine,
Scuola Superiore Special Issue on Soft Robotics, 2008
A. Albu-Schaffer 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)



Discussion

‘mature enough areas’?

- SLAM

- Mobile Robots’ Motion Control

- Robot Obstacle Avoidance

- Grasping

- Visual Servoing

- Auto”r;omy/Cognitive tasks (e.g. Turing Test!, “the imitation
ame

9 Last but not least: Object Recognition and Manipulation
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Performance evaluation

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

A few examples from other various ‘mature enough’ application domains

Robot mobility

Robot manipulation and grasping
HRI and Social Robotics
General novel approaches

Last but not least....Cleaning!

Sl o\

Object recognition and manipulation are an excellent starting point!




Visual servoing example

Visual servoing control the movement of robots (video assisted
mobile robots or manipulators) on the basis of feedback coming
from a video device, like a video camera.

This example is relevant because formal proof are very difficult if
not impossible in many if not most cases, as a consequence

experimental work is necessary to assess the potential of
different approaches to control.




Visual servoing example
Assumptions

For a visual servoing systems there typical which must be
detailed. A non exhaustive list is given here:

- the visual features

- scene 3D model

- the kinematics model of the robot.

- dynamics model of the robot.




Visual servoing example
Assumptions

Plus the list related to image processing:

- background characteristics (homogeneous or if not color and
luminance distributions)

- lighting conditions

- robustness to outliers in feature detection

- others inherent to real life experimentation.




Visual servoing example
Performance criteria

Generally speaking these criteria measure the convergence of the system to a
predefined goal.

Non exhaustive list:

- the time of convergence

- the trajectories of the visual features in the image plane

- the 3D trajectory of the robot computation time

- positioning error after convergence.

A special attention must be paid to stability and robustness against image noise, the
errors in the models (object, camera, robot), and the control parameters.




Visual servoing example
Measured characteristics

An unequivocal procedure to derive the quantitative aspects of the system must be
given. For example visual features can be directly obtained from the video camera.
For manipulators what is directly measurable are the generalized joint angles while the
end effector 3D trajectory must be estimated by the (direct) kinematic model.
Calibration procedures for the robot relevant characteristics and camera must be
described.

In experiments the visual features (at least) must be variated and the variation policy
documented.




Visual servoing example
Implementation Information

The information given above don't allow by themselves the replication of
results.

There more data needs than in other kind of papers:

- Visual servoing system configuration environment (either real or simulation)
should be described in detail: in-hand vs. external camera, etc.

- model and control parameters

- ground truth for robot positioning and the environment




Visual servoing example
Implementation Information

- Technical specification of the hardware platform

- Technical specifications of the camera (model, frame rate, resolution,
etc.).

- Computer specifications (at least, processor and amount of memory, o.s.,
relevant configuration details)

- sw libraries (they should be available at least as linkable components) list
and configuration

Probably the adoption of widely known sw libraries like ViSP, VXL, OpenCV
may ease replication.




Visual servoing example
Parameter and variable distribution

Statistical distributions of all relevant parameter must be given
(as in an open ended stochastic environment results will have a
probabilistic formulation). This is by the way quite common in
clinical research (as noticed before)




Visual servoing example
Parameter and variable distribution

The list of findings in the discussion/conclusion section should be against a
detailed list of criteria within a detailed list of conditions as recalled above.

For example better convergence speed, robustness /weakness against certain
parameters, behavior with respect to current technology visual servoing
systems:

- visual features moving of the field of view

- workspace and singularity issues

The findings listed in a paper might be negative: the given algorithm in our test
conditions fail under the listed set of conditions with respect to the listed series
of criteria.







Activity Summary (all metrics are as of August 31, 2015)

Vehicles

e 23 Lexus RX450h SUVs — currently self-driving on public streets in Mountain View,
CA, & Austin, TX

e 25 prototypes — 5 are currently self-driving on public streets in Mountain View, CA
Miles driven since start of project in 2009

“‘Autonomous mode” means the software is driving the vehicle, and test drivers are not
touching the manual

controls. “Manual mode” means the test drivers are driving the car.
e Autonomous mode: 1,158,818 miles
e Manual mode: 877,477 miles

e \We're currently averaging ~10,000 autonomous miles per week on public streets

Source: Google Self-Driving Car Project, Monthly Report August 2015



Activity Summary

Over the 6 years since we started the project, we've
been involved in 11 minor accidents (light damage, no
injuries) during those 1.7 million miles of autonomous
and manual driving with our safety drivers behind the
wheel, and not once was the self-driving car the cause
of the accident.

Chris Urmson (Google/Alphabet), blog post on Medium, May 2015
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ISO 13482 applies to manufacturers of “personal care robots” which allow close robot-
human interaction and even robot-human contact.

“The single most important thing required for the widespread expansion of the [personal
robotics] market is the development of standards,” says Gurvinder Virk, convenor of ISO
TC184/SC2/WG7, the group responsible for ISO 13482 project.

“The lack of safety standards has prevented small companies from innovating and taking
the risk that an accident may occur with their new robotic product. If such an accident did
happen, it’s up to the company to prove to a court of law that they have carried out the risk
assessment for their product in a sufficiently logical and thorough way. For a small
company with limited resources, that’s quite difficult to prove without an ISO standard,”
says Virk.

The economic effect of ISO 13482 will be felt most in the E.U., where it will be deemed to
comply with the E.U.’s Machinery Directive.
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Performance evaluation

Dyson’s new robot vacuum cleaner should be considered
more intelligent than the Roomba? (it costs 3 times as
much....)

Standard drafting and commercial benchmarking definition
will require a huge amount of knowledge...much still in
the making
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-The crashed Tesla S car mvolved in the first fatal self
driving car accident on May 7t 2016. Source: Reuters
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Not ‘academic issues’

“... This is the first known fatality in just over 130 million miles where
Autopilot was activated. Among all vehicles in the US, there is a fatality
every 94 million miles. Worldwide, there is a fatality approximately
every 60 million miles...."

Tesla Motors Blog, June 30" 2016

According to Tesla: the Autopilot..."does not turn a Tesla into an

autonomous vehicle and does not allow the driver to abdicate
responsibility."
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Two different approaches:

Liability and insurance models
are different!

. Google: not even has a steering wheel >
Extensive dedicated testing

. Tesla motors: cumulative deployment of
‘ready’ functionalities under user
responsibility (many others do that with

parking assistance )= data logging from real
usage
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Not ‘academic issues’:

Dallas shooting

WE'D ALL BE SAFER
IF EVERYONE HAD THEM!

SE====5"24
T Ol e e SRR — CERTE B S Tk o,
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Not ‘academic issues’:
yesterday in Palo Alto
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Lilian Kim @& 2+ Segui

liliankim7

Q

16 mo old has injuries to leg, foot after
@StanfordShop security robot knocks him down
and runs him over. #paloalto

RETWEET

106

MI PIACE

57

@S TRumiEs

22:49 - 11 lug 2016

@ Palo Alto, CA
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e sweioe - Qther more mundane questions waiting to be answel

Sant’Anna

[
(Y

Dishwasher 1 Court Clerk

Telemarketer

Boilermaker

Public
Relations

Fashion
Designer

Probability of
Computerisation
Probability of
Computerisation
Probability of
Computerisation

0 0 Biologist 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.
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What we need to be able to evaluate robots(including
risks)?

* Models ( with probabilistic elements) based on robots’ and
environments’ ‘physics’

« Extensive test campaigns for model fine tuning, but first of
all to get statistically significant data




What we need to be able to evaluate robots?

= Testing and evaluation Infrastructures
(‘Nardo’++!111)

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

= DATA, DATA, DATA!!!
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May 6, 1937
Naval Air Station Lakehurst in Manchester Township, New Jersey, United States
B e W v k.

Lo e




EURDPE | HE REGULATION OF ROBOTICS IN
EUROPE: LEGAL, ETHICAL AND ECONOMIC

I | .o oo s @10 THE Promise of robotics. . ..

JEAN MONNET MODULE




p E REGULATION OF ROBOTICS
EURDPE — JHeREE AT DN D RaREIIC N e Co-funded by the
REGULATES

EUROPE: LEGAL, ETHICAL AND ECONOMIC r .
MPLICATIONS o s Erasmus+ Programme
ROBOTICS - INTERNATIONAL SUMMER SCHOOL | 11-16 JULY 2016, PISA, ITALY B of the Eurobean Union
JEAN MONNET MODULE

Thank you!




