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Challenges for Soft Robotics

« Which are the main scientific and technological challenges
for frontier research in soft robotics that need to be tackled in the
next 10-20 years, and which is the nature of the challenges
(vision-driven and high-risk, embryonic or foundational)?

« Which are the main challenges and which impact will have soft
robotics technologies in different applications fields, like in
service robotics (at home, at work), rehabilitation/prosthetics
(soft-hard wearable robotics), surgical robotics, marine robotics,
aerial robots, human-robot interactions?




Outline
 BioRobotics and Soft Robotics

Ropbot Companions
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Around 5 millions service robots are sold annually
Service robots are one of the fastest growing markets (~14%
per year)

Professional service robots account for 80% of sales value

10.000.000+ Roomba Cleaning

Robots sold so far!

ts are a real market

More than 1 million
operational industrial robots
in the world, with a growth
rate of 6% per year

(Source: IFR)

Reliability of industrial
robots:

Mean Time Before Failure =
40,000 hrs

Efficiency n > 99.99875%
(Source: COMAU)




The market of robots grows

Service robots for professional use. Stock at the end of 2008 and
projected installations in 2009-2012

25,000

20,000

15,000

10,000

number of units

5,000

B Up to end 2008 m New installations 2009-2012 ~ Seurce - IFR Statistical Department

Forecasts predict a 2-digit growth for the market of
robots, in particular for service robots, and an even
sharper growth for HEALTHCARE robots (in
surgery, rehabilitation, assistance to elderly and
disabled persons)




Rise Of the rObOtS New roles for technology

“reliable robots—especially ones required to work
Obama v Obamacare
The R s hromonds beyond the safety cages of a factory floor—have
Economist . proved hard to make, and robots are still pretty
. Undstmdog e vt stupid. So although they fascinate people, they
RlSE OF THE | have not yet made much of a mark on the world.

That seems about to change.”
ROBOTS

A 14-PAGE SPECIAL REPORT

3 factors are at play:

1. Robotics R&D is getting easier. New shared
standards make good ideas easily portable from one
robot platform to another. Accumulated know-how
means also lower cost.

2. Investment. The biggest robot news of 2013 was
that Google bought eight promising robot startups.

3. Imagination. More people will grasp how a robotic

The Economist e attribute such as high precision or fast reactions or
March 29th independent locomotion can be integrated into a
2014 ’ oy DR profitable business; eventually some of them will

et ntit build mass markets.




Robots outside factories...

ISTITUTO ...having to operate in the real world, they need to manage
DI BIOROBOTICA

uncertainties and to react to changes in the environment

Scuola Superiore
' Sant Anna

Underwater

* Unstructured environment

» Perception

* Reactive behaviour

« Shared workspace with human
beings



Robots outside factories...

ISTITUTO ...having to operate in the real world, they need to manage
DI BIOROBOTICA

uncertainties and to react to changes in the environment
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Biological systems
represent an excellent
source of inspiration for

these robots

Underwater

* Unstructured environment

» Perception

* Reactive behaviour

« Shared workspace with human
beings
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FET Mission
Role of FET: Pasteur’s Quadrant

Consideration of use?
No

Quest for fundamental
understanding?

Yes

Consideration of use?
Yes

Quest for fundamental
understanding?
No

N/A
in ICT or ERC
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Science and (vs?) Technology

Pasteur’s Quadrant

Consideration of use? Consideration of use?
No Yes

Quest for fundamental
understanding?

Yes

Pure basie

BioRobotics
Science and Engineering

Quest for fundamental
understanding?

No

N/A research
in ICT or ERC (Edison)




Milestones of BioRobotics...

Biorobotics Science and Engineering:

- Robots for biomedical applications
(rehabilitation, surgery)

- Bioinspired robots 2000s

/I Blomsplratlon and
BiOIo nanoid roboties “Bah
10905 @ Mid 2000s Lt /
1980s  pismedical “Neuro- robotlcsw”" |

SerVIce” RQ_O > applications

1970s -~ - o
Industrial | ' _ ’
Robotics g

Birth of modern” |t 5] Science from
: other disciplines



How the FET Programme shaped our Institute

RoboSoM

ROBOTCUB Project (FP7, 2010-2013)

IP-FP6-2004-2008 . .
( ) Humanoid Robotics

EXPER Project

CA RoboCom
: : : Toyota-2003-2007
Humanoid robotics and neuro-robotics [ : for FET-Flagship

OCTOPUS IP (FP7, 2011-2012)
(FP7, 2009-2013)

PALOMA

(FP5-2001-2004) Robot Companions

Octopus-like robot

N boti for citizens
euro-robotics NEUROBOTICS IP /2 LAMPETRA
(FP6, 2004-2008) Y (FP7, 2008-2011)
Prosthetic hands and neliri  Hybrid Bionic Robotic lamprey
Systems Robotic legs
STIFF-FLOP

(FP7, 2012-2015)
Soft endoscope

Cybernetic

prosthetic hand Wearable robotics

ANGELS
(FP7, 2009-2012)

Exploration of the human body

BIOLOCH Implantable

I-SWARM IP
(FP5, 2002-2005) > R vestibular prosthesis
Biomimetic

Swarm Intelligence & COCORO
locomotion & REPLICATOR (FP7, 2011-2014)

(FP7, 2008-2013) Underwater robot
Robot swarm swarm

Biomimetic fish



BioRobotics: quest for fundamental
understanding (science) and consideration

H Blologlcal system \

DL Engmeerlng analysis
Validation and modeling




Biorobotics Science: using
robotics to discover new
principles...

Biorobotics Engineering: using
robotics to Invent new
solutions....




Biorobotics Science: using
robotics to discover new
principles...




Biorobotics Science

Movement
A Load

PHENOMENON
TO BE
EXPLAINED

| |

HYPOTHESIS AND
MODEL

Validation of
the model

EXPERIMENT
Comparison between robot
and biological system
performance

IMPLEMENTATION
INAROBOT

G. Tamburrini, E. Datteri, “Machine Experiments and Theoretical Modelling:

from Cybernetic Methodology to Neuro-Robotics”, Minds and Machines,

15, 3-4, 2005, pp. 335-58



The MIT-MANUS

A robot designed for neuroscientific research

0 In the late 80’s, Emilio Bizzi (neuroscientist) and
Neville Hogan (roboticist) co-designed the MIT-
MANUS (a 2DOFs robot) in order to help Bizzi to
understand the way motor cortex M1 codes the
kinematics and dynamics of upper limb
movements

force fields Iin

monkeys

Late Baseline Late Force Late Washout

The mechanics | =
of the &f.’«(”
MIT-MANUS




The MIT-MANUS

A robot designed for neuroscientific research

/|:| The MIT-MANUS is now used for different
aims with very interesting results

> Undestanding motor control

Undestanding motor control
in able-bodied young subjects
(JHU: Shadmehr,

NWU: Mussa-Ilvaldi, Patton)

Restoration of upper limb function
In stroke survivors
(MIT: Hogan, Krebs)

Undestanding motor control
in able-bodied elderly subjects
(SSSA: Dario, Micera)

v vV Vv

In non-human primates (MIT: Bizzi)




A robotic platform for validating a model of
development of Sensory- motor grasp control

Objectives:

To increase knowledge of brain
connectivity (architecture)
and brain activity
(functioning) concerning
sensory motor coordination ' '
for object manipulation in /<
children

To integrate an anthropomorphic ‘ ‘
robotic platform for grasping %—,

and manipulation to validate

: : P. Dario, M.C. Carrozza, E. Guglielmelli, C. Laschi, A.
a neuro_physmloglcal model Menciassi, S. Micera, F. Vecchi, “Robotics as a “Future and
of the five learning phases  Emerging Technology: biomimetics, cybernetics and neuro-
of visuo-tactile-motor robotics in European projects”, IEEE Robotics and Automation
Magazine, Vol.12, No.2, June 2005, pp.29-43.

coordination in infants




. L. . learning of reach and
Five “primitive learning steps” related grasp of various objects

to “five types of cortical connections” with subsequent
manipulation (PMv)

of the multi-network architecture [T ——
forming “five learning modules” i _graspand
1 manipulation for
1 simple objects

. learning of a
multimodal
representation of
hand movement
(PP)

I

I

1

I

i

i .

learning of the B
sensory effects of ]
motor commands : 3
(S1,M1) % e
\ i

e |Information

mformation

v' Evaluation of the system in the same condition as the training, Success rate: 0.8, MET: 1.093
v Evaluation of generalization capability in position and orientation, Success rate: 0.775, MET: 2.0
v' Evaluation of generalization capability in size and shape , Success rate: 0.7, MET: 2.1786



% apeechless newborn

The bot that plays ball

He looks like a child and plays like a child, But can the iCub robot
reveal how a child learns and thinks? Nicola Nosengo reports,

o Sunding cannot help smiling
WA s child reaches out a hamd and
1ries 10 grasp the red badl that Sandini
Leeps waving before his eyes "He
I8 getting really good at 1" e says, with the
proud tone of any fether. Teue, most fathers
ol expect more from thedr Three-yvar-ald
than the sbility to grasp o ball But Sanding i
mdudgent: although the oblect of his affection
B e wide eyes anul rounded cheekx of # little
By, Dt s, kil Tact, & robyol
His name w 1Cub or, as the team calls him,
1Cub Number 1, Together with hin brother
now s kaboratories around the work], this lietly
oot sy belp researchons to undenstand how
Froeruans bearn st think Ciraspeng & ball wonly
A firnt st says Sandinl, director of the
Tobation and cognitive-sclences
department ot the [als lnath
tute of Technology (IFT) in
Gonova, anid headd of the
Judd - robot project since it
startnd 1n 2004 Sandini
s conficendt that 1Cub
woill learn more and
rone tricks — until,
n the end, be (s even
able 10 conmmusticute
with B
“We wanted & creats
4 robot with sufficient
movement capabilities to
replicate e bearnting process
o ral chakd goses thromgh” a it
develops frem a dependent,

Lo walking, talking Delog, Sanding says. S0
b amd his colloaguaes have not only gven 1Cub
the hands, b and helght of @ todsller, they
Lsrve abso tried 10 yive hans the beake of ong — 2
computer that runs whgorithums
allowing VCub 1o learn and
Gevikop at e interacts with his
serroundimgs.

& nedrophiysicdogist af Malys
Universaty of Ferrara who s part
OF thee B thiat developed d'HYn K'°“"d~“
those internct oo are essential
for shugung the repidly growing
bratn. Before Chubdeen can grasp & moving ball
T oxatugie, thary st hearn o coondinate head
and aye movernents (o keep the ball
(hver visssal fleld wie visual chaes
0 prodact the balls trajectoey
and gusde their hand, and
close their fingers on
1he ball with the righn
angle and strength
INone of these abiilities
I8 hsere at birth, amd
chidren cannot grasp
appropristely until
they reach around
ne year of age, "Many
theorle try to explain
what happens in the
Brrain o it bewrns ald this
AU sy Fadlign, “wsd
the only way 10 1est them
10 now what works best in
a0 urtificial systesm "

-

“This is not a car you
Just buy and start
TS [T TR PR ST o drfve around;
we're in totally new

bvrs Limtil AUl 1ghvts smor ot

Such testing is certainly nol sew. Cogniive
schontints have heen ssing computer models
to similate mental processes since the 1950s,
including algorithuas that mimic earming. Rut
many of wese stmulations have
focused on the high-devel, con
st reasoning used to solve
logical puzzies, play chess or
make medcal diagnoses, And
manyy others — notably ‘neural
network’ models — Bave s
loted pemtrons. Rt Sanding and

L URCESCNEE Fadiga nre among the many

resenrchers who lave come o
(hiak that both types of semilabions Jeave out
something essential: the body

“I'here is ever-growing evidence from
neuroacience that viso-motor processing,
andd o nigudation i particudar, are crocial for
highwer cogritive development, inchuding social
behaviour and language” Sandin) wys

10w thas Dese of Uinkinng that bl Sanding and
Bus coworknrs 10 tuelr contral bypothesis — tha
Ahr best way 1o nsodid the bansan mand woskd be
o crmnte o bumanosd mbol that |s controBed by
realishic bewrning alygorithens, then et if exploge
the workd ms & child would. They gathered
fogether sclantists from |1 Puropean universi
Hes and reseurch ketitutbons to form the Robxt
Cuby project, and began work with €45 mallion
(US$12 milbon) in funding from the Busopmn
Union. The 1T s the grojects loading partoer,
ansd 1t is et that Houtrs are born,

Form and function

Hessarchers can aliendy choose from « Bst of
10bots that inclisdes Khepera, & stmple and
affordable wheeled rabot budlt by a Swiss
consortiam and used to study locomotion,
o hamanold robots sach as HRE-2, PINO
and ASEMO, all baadt 1o hpare Bt Sanclioss
ambetion was 2o Creute & humanaold robot that
combined unprecedented mechusical versatid
aly with open-somrce softwinre, so tht research
o could change both the hardware and the

algonithims as noeded

“We started from the hand, snd built
the rest of the robot around 117 Sandin
says. Wah seven Gogrees of free
doen in the arm and nine i the
hand, and lts mechankeal shoul
ders, elbaws, wrists and fingers

more uses than just
he robot look good
tional pictures, says
In the future, some
lan to try iCub with
thoare autistic, testing
ions to his expressions
ments”
lumber 1 was never
be an only son. After
robot became opera-
s consortium issued an
or proposals to conduct
mnts. The six winners,
ran independent panel
.by the consortium and the European
e received their own iCub for free.
me else can order one for the cost of
1 it, some €180,000-200,000. “Tt was
2 deal with the European Union that
| provide a number of robots to inter-
1ps,” Sandini says. This way, the team
reate a de facto standard in robotics,
¢ data exchanee. “There is a desper-

Giulio Sandini

(left) and Giorgio
Metta gradually
pieced together
arobot withan
unprecedented
level of
dexterity and
coordination.




Natural materials are ‘soft’ and

BiOrObOtiCS SCienCe characterized by low precision,

but they are compliant and
extremely reactive

4.43% B oo g (Pfeifer et al. 2007)
o = ]
}:H {20 % , I \ 1 ‘
ey
PHENOMENON [ 4 s g
TO BE , " | §~> s S bad »
EXPLAINED Moo 1 It ;
(combination of o1 ®
friction and segment s [
number for effective
locomotion) HYPOTHESIS AND IMPLEMENTATION
MODEL (comparison between IN A ROBOT
. numerical results and
? interpolated experimental data
o Lt of living oligochaeta)
JF Validation of the model T
& = EXPERIMENT
S S Comparison between

robot and biological
system performance




The Scuola Superiore Sant’Anna “Zoo” (2008)

Biological model Scientific problem
Oligochaeta Role of friction in locomotion
Legged insects Modeling compliant substrates

New computational models of
Polychaeta : ) .

locomotion kinematics
Swimming cells Swimming at low Re numbers
Cricket Scale effects on locomotion

Neuroscientific models of goal-
Lamprey . :

driven locomotion

Motor performance of hydrostatic
Octopus )

muscular limbs
Plant roots Soil penetration mechanisms
Mouse Animal-robot interaction

Homo Sapiens Model of the sensorimotor system
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Undulatory locomotion of living earthworms

Natural and artificial ‘setae’
(precursors of legs) R e :

Biomechanical model: equation of motion and results (Accoto, Castrataro

Dario - 2004, J. Theor. Biology)



Artificial worm: which friction model
best explams the role of setae?

Anchorlng model

Menciassi and P.

Dario, Philos.
....................... \.\.\ \ s L eact., ROy, SOC.
-------------------------------------- \\‘ b A Math, Phys. Eng,
2003
A : 0.3 0.4 0.5 0.6 0.7
Coulomb model C [N s/m]

~+- Coulomb model —&— Anchoring model

A comparison between the mean velocity of the centre of mass predicted using the
Coulomb frinction model and the anchoring friction model, as a function of the
damping coefficient C. The anchoring model is more accurate in the analysis of robot
movements. Velocities calculated by the anchoring model, for frequencies
around 0.5 Hz, are in fair agreement with experimental data
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Jumping animals and robots

nas R =i
HotShot 5125C HotShat 5125C
Frame : 01349 / » | Frame : -08569
4 J .
3 p—
Time : -168,6300ms ‘

| Time : -1071,1000ms

FPS : 8000 | FPS : 8000

Shuttes : OPEN Shutter : OPEN

Trigges Time

0571172007
17.35.28

Trigges Time :

3011072007
17.51.52

High speed camera (8000 fps)




The Journal of Experimental Biology publishes this discovery

127(
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BENT LEGS BEAT BREAKAGES DURING TAKE-OFF

ae),
When you jump you
have to move your legs in a particular way. Now youl tell
This will help prevent you breaking a leg as well me ! 513
as keeping the launch pad
intact.
of

ment,
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s~ FEarly vertebrates as modelsto 7
iInvestigate

COOPERATION
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L From swimming to walking... ol

Forelimb CPG

Axial CPG

Hindlimb CPG

/

Salamander CPG = Lamprey-like axial CPG
extended with 2 limb CPGs




N ... to higher functions ol
Lamprey Salamander Cat Human
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From Swimming to Walking with a

Salamander Robot Driven by a
Spinal Cord Model

Auke Jan ljspeert,’* Alessandro Crespi,® Dimitri Ryczko,>? Jean-Marie Cabelguen®?

. _ . . Science
The transition from aquatic to terrestrial locomotion Je

was a key development in vertebrate evolution.

The first explanation of a mechanism of gait transition "
from swimming to walking

The first amphibious robot capable of swimming,
crawling and walking

Example of a fruitful interaction between robotics and :
neuroscience.

¥ MARCH 200/ YVOL 3‘:.5-:ien-:f:—mag.|:|rg




From Swimming to Walking with a
Salamander Robot Driven by a
Spinal Cord Model

Auke Jan ljspeert,’* Alessandro Crespi,® Dimitri Ryczko,>? Jean-Marie Cabelguen®?

wud ‘M &

9 MARCH 2007 VOL 31-5ciencemag.ﬂrg



Lanpetra

& The LAMPETRA FET Project [

Goals Development and use of lamprey/salamander

‘&w'— bioinspired artefacts in order to:
¥

\’ 3.# *

(a) conduct neuroscientific studies on (b) Find new solutions for high-performance
vertebrate mechanisms involved in the artificial locomotion in terms of fast-response,
neural control of goal-directed locomotion adaptability, reliability, energy efficiency, control




&~ Not only locomotion.... .k

Investigatiing the activity of specific neuronal structures in
order to improve knowledge on neural mechanisms of
decision making and selection of behaviour

Basal ! Selection of
asal ganglia ety programs

Brainstem
Locomotor
Command

Posture
Vestibular
Spinal Pattern '

Generation
lamprey to man

MLR - DLR

Sensory
feedback

Movements

The organization of basal ganglia is considered to be subdivided in separate
modules; each module controls a specific aspect of behaviour (e.g. locomotion).

Stephenson-Jones et al. 2011



THE SIORCBOTICS
INSTITUTE

Flexible body Neuro-inspired control ‘

‘ '.t .‘

« COMPLIANT BODY
* 55 mm in diameter
« 860mm in length
10 motors
« 21 vertebras
» Magnetic actuators
(MUSCLE -LIKE)
Streteli Recéptors Muscle-like actuation S oaitiriton » 10 battery packs
(optical) « Stretch sensors
» 2 2D cameras
 Wireless communication
 Gyros and accelerometers

Vestibular system
(inertial sensor)

Biological Cybernetics and Bioinspiration and Biomimetics




Vision-driven locomotion s

Light tracking




THE SIORCBOTICS
INSTITUTE

. ] Lanpetra
- Final results of the LAMPETRA Project &

Biol Cybern (2013) 107:495-496
DOI 10.1007/s00422-013-0570-6

EDITORIAL Biological
Cybernetics

MAGAZINE Foreword for the special issue on
Lamprey and Salamander Robots and the Central Nervous System

Auke Jan Ijspeert - Sten Grillner - Paolo Dario

Wi re ,e
£
‘ "."w" &

e >
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The Scuola Superiore Sant‘/Anna “Zoo” (2008)

Biological model Scientific problem
Oligochaeta Role of friction in locomotion
Legged insects Modeling compliant substrates

New computational models of
Polychaeta : ) .
locomotion kinematics
Swimming cells Swimming at low Re numbers
Cricket Scale effects on locomotion
Neuroscientific models of goal-
Lamprey . :
driven locomotion
OctobUS Motor performance of
P hydrostatic muscular limbs
Plant roots Soil penetration mechanisms
Mouse Animal-robot interaction

Homo Sapiens Model of the sensorimotor system




The OCTOPUS FET Project

The octopus as a model for Soft Robotics
and a paradigm for Embodied Intelligence

o The octopus has no rigid structures Octopus vulgaris
o virtually infinite number of DOF (phylum Mollusca,
class Cephalopoda)

o can squeeze into small apertures

o unique biomechanical capabilities and rich repertoire of movements
o Variable and controllable stiffness
o Manipulation and locomotion capabilities
o The octopus shows rich behavior, learning capability, memory




Investigating octopus biomechanics

Results on Octopus Anatomy

Transverse Muscles:
small decrease in diameter

allows large elongation
(constant volume property)

Longitudinal Muscles: Nerve cord:
Insertion points along sinusoidal arrangement
the arm allow allows arms large
local bending elongation without

s

Sinusoid Period (D1-D2): 11.1-11.2 mm
Sinusoid Amplitude (D3): 1.6 mm
Arm Diameter (D4): 17.5 mm

L. Margheri, G. Ponte, B. Mazzolai, C. Laschi, G. Fiorito, “Non-invasive

study of Octopus vulgaris arm morphology using ultrasound”, The
Journal of Experimental Biology, Vol.214, 2011, pp.3727-3731.
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muscular limbs
Plant roots Soil penetration mechanisms ar_‘d T (?enter on
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The PLANTOID FET Project

Plants are photosynthetic, eukaryotic, multicellular organisms characterized by
an aerial part and a root system.

In an attempt to compensate for their sessile nature, they have developed growth
response to deal with the copious and rapid changes in their environment. These
responses are known as tropisms. The directional growth of plant organs in

response to a directional environmental stimulus: » Phototropism:  Light
Phototropism Hydrotropism Gravitropism ®» Gravitropism:  Gravity
®» Thigmotropism: Touch
» Hydrotropism: Water
g ®» Chemotropism: Chemical
Y 4 Speed 2400x
: : 1s=40m
) . l g
(AN TAN

Font: http://virtualastronaut.jsc.nasa.gov/textonly/act25/text-plants.html

The combination of these mechanisms allows plants to
overtake hostile or inaccessible environments and colonize
the soil, leading to the generation of ramified root systems
that assure their stability and survival.




Moreover...

... plants demonstrate to successfully reach their needs even without
a conventional locomotion system. Although plants cannot physically
move, active root growth allows exploration of soil niches for
nutrition. This implies that root apices are not only sites of nutrient
uptake but also sites of forward movement.




Why taking inspiration from plant’s roots to
build arobot for soil exploration?

Plants use roots to:
* penetrate soil,
 anchor themselves,

* mine the soil of minerals and
water for their nourishment.

Plants explore soil in a capillary
way by means of an expanded
network of roots and sensors




Other examples of biomimetics in action

The gecko is the largest animal that can produce (dry) adhesion to

support its weight. The gecko foot comprises a complex hierarchical
structure of lamellae, setae, branches, and spatula.

K. Autumn, M. Sitti, Y. Liang, A. Peattie, W. Hansen, S. Sponberg, T. Kenny, R. Fearing, J. Israelachvili, and R. Full. Evidence for van
der waals adhesion in gecko setae. Proc. of the National Academy of Sciences of the USA, 99(19):12252-12256, 2002.



Hypotheses - regarding the principles at work

Tour of a Gecko Foot

1000
Spatular

1 million
foot hairs
(setae)

Autumn, Liang, Hsieh, Zesch, Chan, Kenny, Fearing and Full, Nature 2000 40 CICICH

2 Billion Nano-sized split ends
Stick by van der Waals forces!
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Emotional robotics

‘Android’

Muppet/Pet-

ke Anthropomorphic

bUt Clea rly Department of
a I"tlfl CI a I Adaptive Machine Systems

Graduate School of Engineering
Osaka University

KOKORO Co. Ltd.

Three different
approaches are possible

(




Paul Ekman’s classification of emotions

0 Ekman’s list of basic emotions (1970°):

= anger = sadness
= fear § h.:::ppiness
m surprise m disgust

| - - |
HAPPINESS SURPRISE SADNESS

DISGUST FEAR

ANGER

'

-

The facial expressions of the
6 primary emotions are
common to all cultures

b






http://www.wired.com/news/technology/0,71426-0.html?tw=rss.index
C:/Users/P.Dario/Desktop/Roma Accademia dei Lincei febbraio 2008/Presentation Lincei/ReplieeQ2DemoFace.mpg
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Uncanny valley

»
Human’

Uncanny ‘
valley '/

Toy robot

[ =33
-~

100%

Moving corpse

Similarity




Biorobotics Engineering: using
robotics to Invent new
solutions....




Biorobotics Engineering
A

Optimisation/degree of innovation

Example in Basic technical Bionic Industrial
nature principle adaptation application

Using biological principles of functioning to
develop new engineering solutions
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Early Detection of Colon Cancer Saves Life.
Colonoscopy is the Gold Standard. But...

e Pain and disconfort for the patient

e Complex and demanding procedure for the doctor

e The active part of the
colonoscope is the head, that
incorporates the visualization
system (optical fibers or
camera, optics, illumination)

e The head must be inserted
along the colon by maneuvering
and pushing, from outside the
body, a relatively stiff shaft

e These actions stretch the
colon and originate pain



From bio-inspiration to bio-application
(the EU FET BIOLOCH and the EMIL IMC Projects)

l‘ "".' ; .l':. A Hi
amgnng

D=

Problems in
colonoscopy: pain,
difficult
aneuverability...

...like a worm
in the gut...
()

Semi-autonomous
inchworm-like
locomotion




BENDING
il e
SEGTIION

FLEXIBL
|310)5)%
CLAMPER

. PAND~
LiGHT
Sort TAIL SOURCE
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| Painless
Colonoscopy
System




2 CONTACT

Professional

Int J Artif Organs. 2009 Oct 21;32(8):517-527. [Epub ahead of print] e
Functional evaluation of the Endotics System, a new disposable self-propelled robotic colonoscope: | =
in vitro tests and clinical trial.

Cosentino F, Tumino E, Rubis Passoni G, Morandi E, Capria A.

Gastroenterology and Digestive Endoscopy, San Giuseppe Hospital, Milan - Italy.

Abstract

Obijective: Currently, the best method for CRC screening is colonoscopy, which ideally (where possible) is
performed under partial or deep sedation. This study aims to evaluate the efficacy of the Endotics System, a
new robotic device composed of a workstation and a disposable probe, in performing accurate and well-
tolerated colonoscopies. This new system could also be considered a precursor of other innovating vectors for
atraumatic locomotion through natural orifices such as the bowel. The flexible probe adapts its shape to the
complex contours of the colon thereby exertlng Iow strenuous forces during its movement. These novel
characterlstlcs allow for a painle a1 - aaliassalnaior associated risks such as

vestlgate stress pattern differences between traditional and robotic colonoscopy, in which 40 en roIIed
patients underwent both robotic and standard colonoscopy within the same day. Results: The stress

Lo the robotlc colonoscopy as virtually painless compared to the standard colonoscopy, ranking
pain and discomfort as 0.9 and 1 1 respectlvely, on a scale of 0 to 10, versus 6 9 and 6.8 respectlvely

colonic pa .
looked upon as the first step towar developing and tmplementing colonoscopy with atraumatic locomotion
through the bowel while maintaining a high level of diagnostic accuracy.


http://www.ncbi.nlm.nih.gov/pubmed?term="Cosentino F"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Cosentino F"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Cosentino F"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Tumino E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Tumino E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Tumino E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rubis Passoni G"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rubis Passoni G"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rubis Passoni G"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rubis Passoni G"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rubis Passoni G"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Morandi E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Morandi E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Morandi E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Capria A"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Capria A"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Capria A"[Author]
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ACTIVE capsules developed at The BioRobotics Institute
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compliant substrates

Tissue characterization, for determining
gut biotribology and longitudinal +
transversal bioelasticity

Geometrical description of the deformed
Gl tract as convex hull of the set of points
given by feet contacts

Modeling equations of capsule kinematics
and capsule / tissue interaction




Modeled degrees of freedom: 3 (body trans.) + 3 (body rot.) + 3n (legs)



Modeled degrees of freedom: 3 (body trans.) + 3 (body rot.) + 3n (legs)



Front/rear phase: 0°
Period: 3s
Full interval: 12 s
Traveled distance: 23 mm

“"Rower Gait"

Front/rear phase: 180°
Period: 3s

Full interval: 12 s
Traveled distance: 144 mm

“Out of phase rower gait”



In vitro tests of legged locomotion IMC

4-leg capsule 8-leg capsule
with front without front
balloon balloon




How to overcome the energy problem in active
capsular endoscopy: magnetic assisted locomotion

(P EY
M, > 3 4 :
m H \.l"l'l:'k‘.

MAGNETIC
LINK
CONTROL ROBOTIC
UNIT ARM

SYSTEM

MAGNETIC SYSTEM

ON BORAD MAGNETIC

CONTROIL
PERIPHERALS

WIRELESS LINK 'wv ECTOﬁ

Endoluminal magnetic locomotion can be extremely precise when the
external magnet (s) is/are moved by means of high precision robot(s)

: low-rate image
capsule without telemetry with remote
diagnostic purpose to be proposed as a
pharmaceutical device

Diagnostic Capsule: high-rate
image (20fps) real time capsule with
diagnostic capabilities (NBI) and

active magnetic locomotion

¥,
Therapeutic Capsule: high-rate image
real time capsule with the integrationof =~
therapeutic tools

FP6 European Project VECTOR - “Versatile Endoscopic Capsule for gastrointestinal Tumor
Recognition and Therapy” (EU/IST-2006-033970) (http://www.vector-project.com/)

QVECTOR
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Medical Robotics: an

Y\ increasingly
successful clinical and

5 industrial field




Minimally Invasive Surgery
* Open surgery

+

'ACCESS % % * Laparoscopic
SURGERY . P

surgery

TRANS-

LUMINAL 2010 FLEXBLE NOTES PLATFORMS
SURGERY 2010S MAGELLAN™ ROBOTIC SYSTEM
20108 DA VINCIS SINGLE-SITE™
?ggggg’ 2000'S SENSEI™ ROBOTIC CATHETER SYSTEM
2000°S TRANSCONTINENTAL ROBOTIC TELESURGERY
2000S NOTES. \‘31 y * La paro-
MINIMALLY 1980°S DA VINGI® SURGICAL SYSTEM : \ o
IASE jm— M 1497  endoscopic
1380'S LAPARDSCOPIC SURGERY
SURGERY . .
1860'S FIBRE-OPTIC FLEXSLE ENDOSCOPE S|ng|e S|te
1960°E ANGIOPLASTY
OPEN 1950'S HOPKINS ROD LENS ENDOSCOFE & surgery
SURGERY

1330S IMAGE-GUIDED SURGERY
1880°S ANTISEPTIC SURGERY a

1860 1960 1580 1990 2000 2010

* Natural Orifice
translumenal
endoscopic
surgery

Vitiello et al., Biomedical Engineering, IEEE Reviews, 2013



Achievements of Robotics Surgery

d Game-changing applications
A Technically advanced and dependable systems

d Widely accepted and used in clinical practice by
surgeons, by patients and by hospital administrations:
450.000+ surgical interventions worldwide in 2012

d Real IMPACT on health, and on economy (real
products, real jobs)




The “"Secrets” of the DaVinci Robot Success:
Accuracy, Dexterity, Intuitiveness

» Outstanding
mechanical
design

» Excellent optics
(2D and 3D vision)

» Smart and
friendly interfaces




Robotics Surgery: Lessons
Learned

—Real application domains
and procedures that benefit

—Cost/benefit clearly proved

—Time of intervention kept
short

—Time and complexity for
set-up to be minimized



What's next?

= Consolidating the success story of
Robotics Surgery by addressing
the still many open research
issues and technical/clinical/
industrial limitations

= Simplifying the complexity and
reducing the cost of procedures

= Exploring new avenues and
paradigms (one more ‘game
change’ in surgery with robots?)



Towards effective reduction of invasiveness

of surgical interventions
single site/port surgery

Galvao Neto et al., Techniques in
Gastrointestinal Endoscopy, 2009.

* Limited manoevrability
* Lack of triangulation

° Clashing of instruments Pa Vinci robo-t with s:mgle port '
instrumentation during an intervention




From biology to soft robots for surgery




Towards effective reduction of iInvasiveness

of surgical interventions
NOTES interventions

 Low dexterity and forces at the surgical target
e Lack of stability (stiffness)




Matching all requirements for surgery...
NOTES and Single

port procedures
Squeezability up to 40%

High dexterity

« Omnidirectional Force
bending up to 120° The STIFF-FLOP for reliable traction
« Elongation up to 86.3% manipulator up to 47N

* Precise manoeuvres

Controllable stiffness
Adaptation of compliance
to different organs
up to +36%

Cianchetti M, Ranzani T, Gerboni G, De Falco I, Laschi C, Menciassi A (2013) “STIFF-FLOP Surgical Manipulator: mechanical design and experimental
characterization of the single module”, Conf Proc IEEE on Intelligent and Robotic Systems — IROS 2013, 3567-3581




The STIFF-FLOP robotic manipualtor

STIFFness controllable Flexible and Learn-able manipulator for surgical OPerations

External sheath (diameter: 32 mm)

Trocar port

Granular jamming stiffening channel (diameter: 8 mm)

\ B>/ Abdominal wa

Flexible fluidic actuators (chamber radius: 4 mm)

F7¥

' ' o T
) N,
- I Vfe >
po s /s 4 B L h
. ’ .‘

WWW.STIFF-FLOP.EU }

Cianchetti M, Ranzani T, Gerboni G, Nanayakkara T, Althoefer K, Dasgupta P, Menciassi A “Soft robotics technologies to address shortcomings in today’s
minimally invasive surgery: the STIFF-FLOP approach” to appear in Soft Robotics.
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Robotics - Implementations of gecko’s principles

StickyBot « Hierarchical compliance:

— 4 grades of polymer, carbon fibers
and fabric for directional stiffening

— Highly under-actuated: 12 servos,
38 DOF.

— Double differential toe mechanism
for conforming and peeling

* Test vehicle for directional adhesives
* Limb sensors for force control.



http://bdml.stanford.edu/twiki/bin/view/Main/StickyBot

SpinyBot 11

Stanford University
October 21-22, 2004
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Neuroscientific models may be useful to
Improve the performance and robustness
of current humanoid robots

A s

Asimo falling The ‘WABIAN’ Humanoid by Waseda
University, Tokyo

RoboSOM EU ICT-Ch2 Project / o



Not stabilized Gaze Stabilized Gaze

The ‘SABIAN’ Humanoid Robot by Scuola Superiore Sant’Anna and Waseda
University, used for tests on neuroscience-based locomotion control theory

RoboSOM EU ICT-Ch2 Project /



The ‘SABIAN’ Humanoid Robot by Scuola Superiore Sant'‘Anna and Waseda
University, used for tests on neuroscience-based locomotion control theory

RoboSOM EU ICT-Ch2 Project fJE




Soft «h uggable» robot Hiroshi Ishiguro’s Huggable Robot

After a bad day, there's nothing like a Huguie



http://www.youtube.com/watch?feature=player_embedded&v=nJXkL7bcQR0
http://www.youtube.com/watch?feature=player_embedded&v=nJXkL7bcQR0

Milestones of BioRobotics... ..towards
Robot

Biorobotics Science and Engineering: _ a

- Robots for biomedical applications | COmpanIOﬂS

(rehabilitation, surgery)
- Bioinspired robots 2000s

/I Blomsplratlon and -,
BiOIo nanoid robe

1980 - 1990s~
Service Robotios~Biomedical
R applicatilq_‘n‘gf,. -

1970s
Industrial |
Robotics R

Science from
other disciplines

'\m;,l -
N ’
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Outline

» What are Robot Companions?




Life Companions
—




Robot Companions for all ages

| Infancy Maturity Old age m
Neurodevelopmental
bioengineering

Robotics at work

Surgery/rehabilitation _




‘Reliance on robots’ vs. ‘age’

Personal
assistance and
rehabilitation

Intensive
treatment of
B infant

4" neurological
» disorders

Reliance on robots

1y 2y 65y 80y
—

H2020 aims at increase
of 2y the ‘healthy life’




‘Reliance on robots’ vs. ‘age’

Reliance on robots

Personal
assistance and
rehabilitation

A Johanna Quaas: oldest gymnast of the world (86y)

Intensive
treatment of
B infant
4" neurological

1y 2y 65y 80y

—
H2020 aims at increase

of 2y the ‘healthy life’




Outline

Ropot Cormpanions
 New frontiers for BioRobotics and

Robot Companions using Soft

Robotics




Reliance on robots

Robot Companions for all ages

Personal

rehabilitation

‘ Infancy

Neurodevelopmental
bioengineering

| | !

Educational robotics

Robots for enhancing active and'healthy divin




Early diagnosis
MechToy project

N < X

MERESSINA PROJECT
Mechatronic Respiratory System
Simulator for Neonatal Applications

~ Mirror neurons
system

EGO & BOOM projects



Robot companions for children

Social Assistive Robotics (SAR) for children with Autism
Spectrum Disorders (ASD)

Interaction with children:

- Platforms well accepted by
ASDs and can be consequently
used as novel therapy for social
skills training.

- The robot served as a salient
object mediating and
encouraging interaction between
the children and co-present
adults.

-

Keepon,

BeatBots, US Paro, AIST, JP Robota, EPFL,

Switzerland

ESRA (Yale Univ.)

i i N
Robot as social mediator
for increasing involvement
Probo, Viile — and mteractlon_s with the
Universiteit Brussel Hertfordshire, UK\ therapist )

Kismet, MIT,
us




Towards soft companions...

Belpaeme et al. Multiodal Child-Robot Interact
Building Social Bonds, Journal of Human-Robot
Interaction, Vol.1, No.2, 2012, Pages 33-53,

ion:

Pleo by Ubisoft

Keepon robot MIT's 'Huggable'
Telepresence Bear




...and new challenges

Ethics

v, ol

The crying shame of robot nannies

/ \ An ethical appraisal
Components and

materials Noel Sharkey & Amanda Sharkey
University of Shefheld, UK

Interaction Studies 11:2 (2010),161-190

* Privacy
* Restraint: how much autonomous decision
authority should we give to a robot childminder?
* Deception: Is it ethically acceptable to create a
robot that fools people into believing that it has
mental states and emotional understanding?
« Accountability: Who is morally responsible for
leaving children in the care of robots?

* Psychological damage: Is it ethically acceptable
/ to use a robot as a nanny substitute or as a primary

va rer? /




Robot Companions for all ages

Maturity

Robotics at work

Surgery/rehabilitation _




Reliance on robots

Robot Companions for all ages

Personal

>

rehabilitation

Maturity
Service to all

Robots for enhancing active andrhealthy Iiving




Robotics at work
Ageing workers: the case of AUDI

Silverline Program

The average Audi production worker is today aged 40 and in 5 years
more than 1-in-3 workers will be aged 50+ years (at least 7,000 workers

in Germany)

Audi recently launched its Silverline Program, to find out how best to
keep older workers productive and included

Audi is increasing production of the new R8 sports car, and is focusing
on older workers for this — because experience is better than physical
fithess here



http://microsites.audi.com/audir8/html/index.php?CampaignID=R8_microsite?AdvertiserID=brandportal_global?BannerID=R8_micro_link_com

Fatal accidents at work vs. age in EU27

Fatal accidents: standardized incidence rate in 2010

6
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Y18-24 Y25-34 Y35-44

Y45-54  Y55-64

Source: http://appsso.eurostat.ec.europa.eu/



http://appsso.eurostat.ec.europa.eu/
http://appsso.eurostat.ec.europa.eu/

‘ Examples of robotic co-workers (Kuka and Baxter)

o - ’
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Towards Safe Robots: Approaching Asimov’s 1st Law

Thesis winner of
Georges Giralt PhD award 2012

Von der Fakultit fiir Elektrotechnik und Informationstechnik
der Rheinisch-Westfélischen Technischen Hochschule Aachen
zur Erlangung des akademischen Grades eines Doktors der
Ingenieurswissenschaften genehmigte Dissertation
vorgelegt von

Dipl.-Ing., M.Sc. Sami Haddadin
aus Neustadt am Riibenberge, Niedersachsen

The Baxter Robot by Rethinking
RO bOti CS Hon.-Prof. Dr-Ing. Gerd Hirzinger

Berichter:  Univ.-Prof. Dr.-Ing. Jiirgen Rofmann
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Undersea robots are heroes of Gulf
of Mexico oil spill fight (2010)

Capable of going where no man can go, powerful enough to lift 1,000 pounds and
able to apparently stop a gushing oil well, a colony of undersea robots has

emerged as unsung superheroes in the months-long effort to halt the geyser of olil
spewing into the Gulf of Mexico.

FERpeRenprngpgnny
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http://www.nola.com/news/gulf-oil-spill/
http://www.nola.com/news/gulf-oil-spill/

What are ROV/AUV not able to do?

4

Underwater painting
+ Welding (dry or wet)

* Marine growth removal
Mainly

provided
« Jetty inspection & maintainance | by divers

* Mooring chain inspection

* Marine construction support

* Cropping and rebalancing of
damaged propeller

—_—

Safe contact with the
environment




PoseiDrone Project: marine
applications for the OCTOPUS robot

* Crawling
* Grasping
* Pulsed-jet loco




A Soft Unmanned Underwater Vehicle

» Soft body

= 80% in volume of rubber-like materials;
= continuum single body;

= intrinsic waterproof insulation;

= |ow inertia.

. . mz?t?:?ial , « 7 —thicj):tter
o Multi-Skill s
>

. components

» legged locomotion;
= manipulation capability;
» pulsed-jet propulsion.

~ Locomotion
~.unit

Bendable |
arm \

Vision
system




Multi-arm robotic octopus prototype
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EU-FET‘CYBERHAND” (&1  Project

Cybernetic
prosthesis
controlled by
the brain




j¥#8 Brain-controlled hand prostheses

Standard Prosthesis vs. SmartHand

p

4
- -
\\. B

Precision G.
a .l

C. Cipriani et al., 2010 — 2011.



June 2010 Issue:

l%%%c Tum GES Monkey, and Man Control
Robots with Their Minds

MotorLab
University of Pittsburgh

Neuroprosthetics research group

., CyberHand Consortium
“Scuola Superiore Sant’Ann:

New class of software
decoders to adaptively

A monkey with two brain implants, one

translate brain activity into in the hand area and another in the Scientists have demonstrated how an

control signals for prosthetic 5 area of its motor cortex to control ~ @amputee can control and perceive a

devices. a 7 DoF robotic arm. robotic hand after having electrodes
surgically implanted on two different

They show thatarat could  he monkey is able to maneuver nerves of his arm.

learn to control arobotic with its thoughts alone the robotic ~ The electrodes captured signals

gripper that bears no arm to grasp a knob, then to precisely ~ originating in the man'’s brain, allowing

resemblance to its own limbs. 4 . the knob by controlling the arm’s ~ bidirectional flow of information.

mechanical wrist.

Rat Monkey Human



Decoding of motor information:

#classes

Micera, et al., Proc IEEE, 2010




Latest results
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A new paradigm for prothesis and bionics

Amputee Feels in Real-Time with
Bionic Hand

05.02.14 - Dennis Aabo Serensen is the first amputee in the world to feel sensory rich
information - in realtime - with a prosthetic hand wired to nerves in his upper arm,
Serensen could grasp objects intuitively and identify what he was touching while
blindfolded.

Raspopovic et al., 2014 Restoring Natural Sensory Feedback
in Real-Time Bidirectional Hand Prostheses
Sci. Transl. Med. Vol. 6, Issue 222, p. 222ral9
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2007
Array of MicroT

vl
Fingertip mock

2007
Single Micro
Antropomorp
fingertip

= L. Beccai et al., Sensors and Actuators A, 120(2), 2005,
pp. 370-382.

= C.M. Oddo et al., Measurement Science and Technology,
18, 2007, pp. 623-631.

= L. Beccai et al, IEEE/ASME Transactions on
Mechatronics, 13(2), 2008, pp. 158-168.

= C.M.Oddo et al., Sensors 2009, 9(5), pp. 3161-3183.

2009
Array of MicroTAF v2
Capacitive sensors v1
Antropomorphic fingertip with
fingerprints
Passive-touch classification of textures

Neuromorphic coding

2005
MicroTAF
Sensor vl

Implants for amputees

= (C.M.Oddo et al., Sensors 2011, 9(5), pp. 3161-3183.

= C.M.Oddo et al.,, IEEE Transactions on Robotics 2011,
27(3), pp. 522-533.

= G. Spigler et al., IEEE BioRob 2012.

L. Pape et al., Frontiers in Neurorobotics 2012

S. Raspopovich et al., Science Translational Medicine 2014







Robot Companions for all ages

Personal

‘ rehabilitation

>

Olld age

Reliance on robots

Robots for enhancing active and'healthy diving

1y 2y 65y 80y




European
Commission
I

Demogr phic Ageing

Social Necessity Major Opportunity

Dependency Ratio s
eFrom 1:4 to 1:2 4" a| *Active Ageing
¢80+ doubles by 2025 . S

Cost of Care | New Care Models

¥. Y «Up by 4-8 % of GDP by eIntegrated care
12025 = | eLarge Efficiency gains

Human Resources M Growth and Markets '

eShrinking work force il ¢3000 BE Wealth

eLacking 20 million carers by ' ¢85 Million Consumers and
2020 growing




The “living lab” concept, and the

24 emergence of AAL-Robotics CONVERGENCE
“\/

o

Beacon
|

Docking Station

L J
ﬂ,#k‘@‘]
H Beac§n r
_ Outdoor

Control Center able to supervise and guarantee safety and
security for people, robots and public spaces

THE BIOROBOTICS
The Robot-Era Project has received funding from the INSTITUTE
European Community's Seventh Framework Programme : )
“wawms - (FP7/2007-2013) under grant agreement num. 288899 [ 53 ::"_;‘!__*_‘{::_E“"'




EU-IST Project no. FP6-045299
www.dustbot.org




Service Robots in an AAL context In the

RoboTown
i [ Is )
e P | j
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| » »
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@8 The EU DustBot campaign in

2 »—ff; ~ Peccioli, Pisa, Tuscany

i - from June 15 to August 7, 2010-

- in the very heart of the town

- with real users: 24 families and 10 business
activities

~ 95% of users declaring satisfaction and ease
of use
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ROBOT-ERA Services

Realistic Indoor and Outdoor
Environments

« Communication
» Indoor escort at night
« Reminding

« Objects transportation
and manipulation

Drug and shopping
delivery
Garbage collection

« Surveillance,
e QOutdoor-
Indoor link

...With soft
companions




What is next? New frontiers for

BioRobotics and Robot Companions




ARMAR-III Partner Robot

NAO Justin Robonaut Twendy-one




The Quest for new generations of ..~
robot companions

Performance 4

Mechatronics

Time

<€ > € > € >

Pre- Mechatronics and
mechatronics Supermechatronics



Evolution of robot arms

Dexter arm (S.M.)
Low size and mass, WAM arm (Barrett

thanks to cable _ Technologies)
transmission High speed: 20 m/s

DLR lightweight arm
Payload/mass ratio =1

& om

Weight: 54 kg

Payload: 2 kg Weight: 40 kg

Payload: 2 kg Weight: 25 kg

Payload: 4 kg

Weight: 14 kg
Payload: 15 kg



The robotics bottleneck

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




The Quest for new generations of ..~
robot companions

Performance 4
A new change of
paradigm is required

72N

Mechatronics

Steady
progress

Time

Pre- Mechatronics and New paradigm
mechatronics Supermechatronics



A whole new Robotics

We need simplification mechanisms and ne
materials, fabrication technologies and energy fo

We want to tap
the biggest and most advanced treasure
of engineering solutions

Studying natural
organisms and
understanding what makes
them so smart and efficient

Studying things only
living organisms can do,
and how they do it




(Super)mechatronics




(Super)mechatronics Vs. a new paradigm




Our Vision for Future Robot |
Companions Society )

Science Sentience ) Simplexity )
grounded

and energy
>

robotics
New wr Robolt(co-
engineering / YWOTKET

New science

Morphological
computation

Multifunctional
nanomaterials )

Robot Robot
Housekeeper microsurgeon

Ultra-high
performance
Robot



Concepts of Robot Companions




“More than Mechatronics”: enablers

« New pervasive/portable/interactive IT
 Morphological computation
 New fabrication approaches

A

System Mechatronics
complexity

Robot
Companions

System behavioral
“richness"




The MEMS (silent) revolution

\I\/Iotion HUB

| Compass

Accelerometer

| Gyroscope

Py ibeji YW eyg e

Heroszienin=2Stilie

Environmental
HUB )

Pressure

Temperature

Humidity |

— Microphone-Array

— \oice Processing

——  Ultrasonic gesture recognition



The future of human-machine interfaces is now!

- — |

Xbox — Kinect 2

twelve
thirty
i Fiv o

Ve

Google Glass

Pebble smartwatch




Focusing on the BODY of future robots and
exploring a different paradigm:
SIMPLIFICATION and INTEGRATION

less components
higher rubustness
lower computation load
higher energy efficiency
higher adaptivity
higher dependability

Ultimately, acceptable,
affordable, dependable and
sustainable new robots




ISTITUTO

iyt  Morphological computation

4 Pt V.'\ v ¥ -
W Scuola superiore
1 \ 3

7% ) dant Anna

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



Actuators and
wiring embedded

Dynamical properties and

mechanical feedbacks lead inside structure
to stable emergent

behaviors: Adaptation in

small biomimetic robots

Deflection
Passive joint

Legs with € ;’
Compliant @ ¥

Flexures

Kim S., Clark J. E. & Cutkosky M.R. 2006 iSprawil:
Design and Tuning for High-speed Autonomous
Open-loop Running. The International Journal
of Robotics Research. 25:903-912.



65 km on one battery charge! With only 1800 kJ
In 2.7 kg batteries and 10 kg total weight

= "Passive Dynamic Walker” “Ranger”, “lIT Legs”

Morphological computation
and energy efficiency




~A reference: energy in Humans (cra

Energy for basic functions: Energy for physical
circa 1300 kcal (5.4 MJ) / day activity: circa 800 kcal
(3.3 MJ) / day
Energy expenditure breakdown Human daily steps: 900 to 3000.
liver 74y, Average daily distance: 2 km
_ Weight: 70 kg
brain 19% PERFORMANCE: 24 kJ/(kg*km)
heart 7 %o
" o Passive walker range: 65 km
ey i Weight: 10 kg
skeletal muscle 18% PERFORMANCE: 2.8 kJ/(kg*km)
other organs 19%
References:
1. Starner T., Paradiso J.A., Human generated power for mobile electronics, In Low-power electronics design, Piguet, C. CRC
Press, Boca Raton, 2005.
2. Powers S.K., Howley E.T., Exercise physiology: Theory and application to fithess and performance. McGraw Hill

Companies, New York, 2004.
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“More than Mechatronics”: enablers

« New pervasive/portable/interactive IT
 Morphological computation
- New fabrication approaches

A

System Mechatronics
complexity

Robot
Companions

System behavioral
“richness"
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B The Digital Revolution: 0
e Ina the a pproach Valdera

e Q - Social Innovation
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~ Fablab: a space where
- to make ideas real (physical)

«A place to learn, collaborate, innovate and create just
about anything you can imagine»



S  Social Innovation: the evolution from /o/
B sciuali Supiions . . . P,
tradional innovation Santnna

Traditional (in-house) Open innovation
innovation
esearch centre \\\ -
J COMPANY

-

h ) \_\\‘v
[COMPANY]

V - NDA

Mail
- Internal IP - Workshops with invited players

- Joint initiatives

:
Social |

innovation 5502 e
More than Open = nsg s —-
i

innovation

- Open Network



Conclusions

Robotics is a well established, successful, and promising field (one
of the 12 potentially economically disruptive technologies,
McKinsey Report, 2013)
BioRobotics is science and engineering
® BioRobotics addresses need-driven solutions
® BioRobotics is a discovery engine for new science and to
nurture innovators
BioRobotics and the concept of Robot Companions mean:
® Convergence, Traslation, Real world, High impact trans-
disciplinary research
® BioRobotics aims at advancing the (bio)mechatronics paradigm
The progress and deployment of companion robots can be
accelerated by rethinking the way robots are designed, also
using methods and technologies developed by the
emerging community of Soft Robotics
FIS e
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