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Bio-sketch

v’ Ph.D. degree in electrical engineering and information technology
from the University of Naples Federico I, Naples, Italy, in 2010

4 Visiting Ph.D. Student with Northwestern University from September
2009 to March 2010

v" Associate Professor at the Department of Electrical Engineering and
Information Technology, University of Naples Federico Il, Naples, Italy

v’ Research interests include aerial robotics, dynamic nonprehensile
manipulation, and legged systems

4 Participated in several European research projects, also as leader of
work packages, and principal investigator of three projects funded by
the Italian Ministry of Research

v’ Chair of the IEEE Italy RAS Chapter

# fabio.ruggiero@unina.it

@ http://www.fabioruggiero.name

v Associate Editor for the IEEE Transactions on Robotics.
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v' 3 full professors, 3 associate professors, 4 assistant professors

v’ 13 research assistants, 14 PhD students, 7 support staff

v’ 1.4 M€ financial support a year (from competitive research projects)
v' >35 years of research activity

v’ Collaboration with >150 foreign institutions & companies



Our Research Agenda
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v' Aerial Robotics v' Human—Robot Interaction
v Al & Cognitive Robotics v" Industrial Robotics
v' Dynamic and Legged Robotics = v° Medical Robotics



Our EU Research Projects
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What is a Robot?
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Why Humanoid Robots?

v Human are humanity’s favorite subject
v Human example

v Understanding intelligence

v’ Anthropic environments

v’ Human interaction

v’ Entertainment, culture, and surrogates



History of Robotics

1960-1980

1980-2000

2000-2020 2020-2040




The Age of Robots
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Innovation
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Industrial Robotics Evolution

Mobile
manipulators

3rd Robotics wave

- Combined mobility & manipulation
- Intelligence
- Intuitive operation

&
Compliant
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2"d Robotics wave

DNICS

brogramming & operation

robots
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- PC
- Off-line Jprogramming

Time



Industrial Robots

v’ 3.9 million of robots @ work
worldwide (+12%), CAGR 2017-2022
+13%

v’ 553.000 new installation in 2022
(+5%), CAGR 2017-2022 +7%

v’ Largest markets: China, Japan, USA,
Korea, Germany, Italy (91%)




Annual Installations

Annual installations of industrial robots - World
1.000 units

\

2012 2073 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: World Robotics 2023




Operational Stock

Operational stock of industrial robots - World
1,000 units

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: World Robotics 2023




Geographical Regions

Annual installations of industrial robots
('000 of units)

84
66

2019 2020 2021 2022

Asia/Australia mEurope The Americas Source: World Robotics 2023




Customer Industries

Annual installations of industrial robots by customer industry - World
1,000 units

Electrical/electronics
Automotive

Metal and machinery

Plastic and chemical
products

Food

All others

Unspecified

m2021 Source: World Robotics 2023




Applications

Annual installations of industrial robots by application - World
1,000 units

Handling
Welding
Assembling
Cleanroom

Dispensing

Processing [ 7

All
others/unspecified

021 Source: World Robotics 2023
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Forecast

Annual installations of industrial robots 2017-2022 and 2023*-2026"

N
ot
e
-l
(o
O
o
O
O

2017 2018 2019 2020 2021 2022 2023* 2024* 2025* 2026*

*forecast
Source: World Robotics 2023




Short-Term Market Determinants

Supply chain constraints are easing
Inflation remains high

Slowdown of global economic growth

v No direct correlation to robot installations

v' Development in China has strong impact on overall
performance

Orders: backlog from 2022 and declining intake in
2023
v’ Orders from 2022 shipped in 2023

v’ Base effect: strong order intake in 2022




Technological Trends

Cloud computing and 5G mobile networks
v’ new business models

v’ optimized performance

v’ fully digitalized production

Machine vision

v’ simplifies programming

v’ detection of shapes and guide grippers in complex
environments

Artificial Intelligence coming to market

v’ smarter, faster, more efficient and more accessible
automation

v’ enhancing maintenance

v’ faster programming, learning by experience

v’ supporting sustainability

:,;:uspy-d, L R ‘;E l;){ neturn this.each(funct

. "« function
function(a){ use strict’; i
r:](u)';)}var c-function(b){this.elelent-a(b)},c

"href"),d=d&&d

*),d=b.data 'target");if(dl I(d-b.attr'( href"), ;
a:-;::‘nu E)v:r;td(.?hide. b(s .tab",{relatedTarget: b[e]}), fgij Event t(h ;
ItPrevented()){var h-a(d);this.activate(b.closest( 1i"),c),th:
wer({type: “shown.bs.tab", relatedTarget: e[6]})})}}},c.prototyf
.active”).removeClass("a~*iye").end().find( ' [data-toggle="ta
7~ \idth,b.addClass("in")):b.remove!

' r("aria-expanded”,!0),e&&e() h
)| g -+);8-length&&h?g.one("bsTransitic
:/de "\{ a.fn.tab.Constructor=c,a.fn.tab.noCo

-~ wweick.bs.tab.data-api", ‘[data-togole"
f f;;-:ﬁ' 0){return)this, e —

s 45 (function(){var d=a(tl
(S E options=a.extend( {
. /  k.bs.affix.data-ap
i¥ion( )};c.VERSION="3

| t.scrollTop(),f=th1'5
‘, !(e+this.unpi = '
N<=f.top)&s

bottom“} c
| i5-$tar'get. b, Pe.getp

ut(a.proxy(th . ;b:th

Set, e D a2 a
Y » rgd. top’ fgdo bnffn_ tIOl

ar c=functiibns
S tion, ¥
11,1




Market Trends

Labor scarcity in many developed economies is 5
driving the demand for automation

Reconsideration of supply chains and closeness
to customers
v Re-and nearshoring of production

Small and medium sized enterprizes (SMEs) need
easy access to automation
v’ “Democratizing” robotics

v’ Lowering the hurdles for robotization: IFR’s Go4
Robotics campaign https://qgo4robotics.com/




Top 5 Application Areas of Professional Service Robots

9.3k robots,
-4%

Medical &

Healthcare
24 .5k O 6.9k robots,
robots, +8%
+125%

Hospitality ‘ Professional
Cleaning
()
&
86k roI::otS, Transportation Agriculture 8 0k robots
+44% & Logistics +18% ’




Long-term Research Trends

Humanoids

Al-enhanced Robots - I.M - O

Legged robots with arms

Cobots / dual arm




Humanoid Research @ PRISMA Lab

RoDyMan project

v' Dynamic nonprehensile manipulation
is tested on an advanced
demonstrator, i.e. pizza making
process, where the application
scenario is conceived to emulate the

: » " human ability to carry out a

’Q&' } ~ challenging robotic task s

. A v’ Development of a service robot able to £¢

~ manipulate elastic \‘1
and soft objects, as well as to |
manipulate both rigid and
non-rigid objects in a nonprehensile
way
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