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“Soft Robotics”

Hypothesis: The next generation of robots will be
of the “soft” kind. Advances in “soft technology”
will lead to a quantum leap in intelligent robotics.

Theoretical underpinnings: The key to “soft
robotics” will be an understanding of

embodiment.

£U University of roboficse s ni lnh
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“Soft Robotics”

work by Dale Thomas, 2003

Design and construction:

evolved, soft locomotion
Dale Thomas, Osaka University
previously: Zurich Al Lab
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“Soft Robotics”

work by Dale Thomas, 2003

evolved, soft locomotion Design and construction:

Dale Thomas, Osaka University
previously: Zurich Al Lab
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Contents

introduction and background
principles of embodied intelligence
the “power of materials”

guided self-organization

the “Roboy” project

summary and conclusions
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Trends in Al/robotics

classical embodied
centralized control é interplay of brain, body, and
environment

top-down control —» guided self-organization

algorithm é dynamical system

abstract symbol _q sensory-motor coordination

processing

top-down design —» design for emergence

fixed morphology —— morpho-functional machines
”‘T Yoo robokicse s ai laoh
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Trends in robotics/manufacturing

manufacturing, “hard” —

individual robots —
isolated robots ——
complete automation ——
outsourcing production sy
software, “bits” —
centralized manufacturing sy

big industries, high invest- sy
ments

service, “soft”

robot “ecosystem”

the human/robot “cloud”

human-robot cooperation
re-insourcing

physical system, “atoms”™
distributed “makers”

SMEs, small investment
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“Soft Robotics”

Soft to touch Soft movement Soft interaction
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“Soft Robotics”

(Osaka University)

Soft to tuch Soft movement Soft interaction
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Building robots

| \
unterstanding intelligence
\
applications 4
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G “"-" animals humans

robot “bar man” Engkey

vacuum cleaner
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Zurich Al Lab robots
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Zurich Al Lab robots

rully

Amouse
Sahabotl/I|
Melissa
Tripp
Samurai
Analogrob
Dexterolator
Stumpy
Eyebot
Mindstorms
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Mitsubishi
Forkleg
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Zurich
Al Lab robots |

l"- .
! .

Stumpy, Monkey, Puppy, Min-dog, Wheeled
Walker, Mini-Stumpy, Wanda, Dumbo, Rabbit
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Robots
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Zurich Al Lab
Robots (Locomorph)
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Recent development:
the “soft robot” Roboy
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“Soft Robotics”

Theoretical underpinnings: The key to “soft
robotics” will be an understanding of
embodiment.
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Contents

principles of embodied intelligence
the “power of materials”

guided self-organization

the “Roboy” project

summary and conclusions
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The spirit of embodiment
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“Crazy Bird” — Morphology,
Control

loosely hanging feet
rubber/plastic
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“Crazy Bird” — Morphology,
Control
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loosely hanging feet
rubber/plastic

behavior of “Crazy Bird”:

cannot be inferred from program —> emergence
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Principles

 physical embedding

 behavior emergent from morphology, materials,
control, environment

« “design for emergence”

AU Universi i s
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Trends in Al/robotics

classical

centralized control

top-down design

1/“1 \ University of
gy Zurich™
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°
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embodied

interplay of brain, body, and
environment

guided self-organization
dynamical system

sensory-motor coordination

design for emergence

morpho-functional machines
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Industrial real-world
environment environment

- low predictability
- coping with
uncertainty

i v 4 - high predictability
b5 i - programmability

humans
(“soft” to FEaEE iRy S e
industrial robots varying BN FEEe s
(“hard”) degrees) %
?1-» University of ' ST i
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Industrial real-world
environment environment

- low predictability
- coping with
uncertainty
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By comparison: The “Passive
Dynamic Walker”

the “brainless” robot:
walking without control

Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York

Design and construction:
Bendy (Paul, Yokoi, Matsushita),
Tripp (Chandana Paul)
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By comparison: The “Passive
Dynamic Walker”

the “brainless” robot:
walking without control

self-stabilization

Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York

Design and construction:
Bendy (Paul, Yokoi, Matsushita),
Tripp (Chandana Paul)
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By comparison: The “Passive
Dynamic Walker”

the “brainless” robot:
walking without control

T ——

Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York

Design and construction:
Bendy (Paul, Yokoi, Matsushita),
Tripp (Chandana Paul)
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By comparison: The “Passive
Dynamic Walker”

the “brainless” robot:
walking without control

joints: self-organize into

M |
-
o
-
Y
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Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York

Design and construction:
Bendy (Paul, Yokoi, Matsushita),
Tripp (Chandana Paul)
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Short question

memory for walking?
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Principles

» exploitation of self-organization
* functionality distributed throughout entire system

 humans: guided self-organization (stiffness of
muscles)

* task-distribution between brain (control), body
(morphology, materials), and environment

 control and controlled no longer clearly separated
(especially in case of soft systems)

 morphological computation

:.; \ 3 . . .
(L) University of robohcse iz ani lahb

p Zurich™
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“Stumpy”: task distribution

LT E—— almost brainless: 2 actuated joints
springy materials
surface properties of feet

Design and construction: Raja Dravid,
Chandana Paul, Fumiya lida

e
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The dancing robot “Stumpy”

Collaboration with Louis-Philippe Demers,
Nanyang Technological University, Singapore

Movie:

Max Lungarella
Raja Dravid
Dynamic Devices
and AlLab, Zurich
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The dancing robot “Stumpy”

Collaboration with Louis-Philippe Demers,
Nanyang Technological University, Singapore

Movie:

Max Lungarella
Raja Dravid
Dynamic Devices
and AlLab, Zurich
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The “robot frog” driven by
pneumatic actuators (UTokyo)

Design and construction:
Ryuma Niiyama and
Yasuo Kuniyoshi
University of Tokyo

pneumatic actuators:
compliant materials

AU Universi ' s
U University of roboticse e oi lah
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The “robot frog” driven by
pneumatic actuators (UTokyo)

Design and construction:
Ryuma Niiyama and
Yasuo Kuniyoshi
University of Tokyo

- | pneumatic actuators:
B compliant materials

\_ IHE UNIVERSITY OF TRKYO

Ryuma Nilyama, Yasuo Kuniyoshi,
"Mowgli: A Bipedal Jumping and Landing Robot", ICRA 2007.
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Trends in Al/robotics

classical embodied

centralized control # interplay of brain, body, and
environment

top-down control —» guided self-organization

algorithm # dynamical system
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Contents

the “power of materials”™
guided self-organization
the “Roboy” project

summary and conclusions

AU Universi ———
("H") University of roboficse s

Ny Zurich™
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“Power of materials”

soft robotics: much work on - fabrication
technologies

our goal: embed materials into intelligent agents

must understand interaction between control and
materials

AR Universi - -
("H") University of robokicse s ni lah

B S s L UZH
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The power of materials:
The robot fish “Wanda”

design and construction:
Marc Ziegler, Al Lab, UZH

materials

changeable stiffness

Note: can reach any < I
point in 3D space
FUF) University of robohicse s

B S s L UZH
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The power of materials:
The robot fish “Wanda”

design and construction:
Marc Ziegler, Al Lab, UZH

materials

changeable stiffness

Note: can reach any
point in 3D space
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Daniela Rus’s “soft fish”

design and construction:
Daniela Rus and Andrew Marchese
MIT CSAIL

/'s.; —.\ ° . JE tona
U University of robohcse s ni lah
gy Zurich
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Daniela Rus’s “soft fish”

design and construction:
Daniela Rus and Andrew Marchese
MIT CSAIL
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Daniela Rus’s “soft fish”

design and construction:
Daniela Rus and Andrew Marchese
MIT CSAIL
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The Bionic Handling Assistant

inspiration: elephant trunk
pneumatic system (air chambers)
high dexterity
intrinsic compliance

3D printed

"q\ University of s e i
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Jaeger/Lipson “coffee
balloon gripper”




Jaeger/Lipson “coffee
balloon gripper”

( ﬂ\» Umversut of f'ObOhCS" e

48




Jaeger/Lipson “coffee
balloon gripper”
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(
Orchestration |}
of grasping
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“holding a hard object”
exploiting morphology
and materials for control
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MIT Robots Can Assemble Your IKEA

Furniture For You
IEEE Gripper with deformable
| SPECTRUM materials (rubber bands)

By Evan Ackerman
Posted 8 May 2013 | 1:33 GMT
~F
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Festo trunk and gripper

Gripper with deformable
materials based on the
“Finray” effect
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Festo trunk and gripper

Gripper with deformable
materials based on the
“Finray” effect

A48 University of
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Festo trunk and gripper

Gripper with deformable
materials based on the
“Finray” effect

A48 University of
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Industrial applications

52




New trend: Food industry %

considerable variation
—> unpredictability

extremely delicate

materials crucial
(e.g. gripper) )
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iIndustrial Recall

environment

NS BATS  - high predictability
W el - programmability

iIndustrial robots
(“hard”)

A8 University of
/ Zurich™

real-world

environment

- low predictability
- coping with
uncertainty
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industrial Recall real-world
environment environment

= - high predictability
4 - programmability

- low predictability
- coping with
uncertainty
A

high predictability

—> shrinkini
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New manipulation skills:
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New manipulation skills:
what’s hard about them?
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The next “industrial revolution”

beyond traditional manufacturing:
new manipulation skills

new manufacturing
technology

new industrial
revolution

refhink@

robofics

OCTOPUS
arm prototype

-Toyo
robot “frog”

ECCE

IS the super-compliant robot adept

J I ompetence
N | o ) | o e

Festo Bionic
Handling assistant

Y{Zg{y B WA N %I
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The next “industrial revolution”

beyond traditional manufacturing:
new manipulation skills

new manufacturing
technoloav

roDOTICS

OCTOPUS
arm prototype

U-Tokyo

o i robot “frog”
Festo Bionic

Handling assistant

ECCE

g the super-compliant robot adept

P b IR ompetence
Ko | ) | s et

Y{Zﬁ:‘{fy B WA N %I
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refhink@

ooies  factory “humanoid” robot

sk performance human-robot interaction

-based intelligence \o

nsing and force
rol at each joint

AN

O——— human presence delection
with 360° sonar and
front camera

\I user interface through the
| navigator on the arm and
" display on the face

naturally compliant through
springs and force sensing at
each joint. Can feel bumping
into people or objects

-guided movement
bject identification

g O lrain objeds and tasks by

direct movement of the arms

on casters for movement with
locking feet for stability

“Baxter”
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@ .
“i. factory “humanoid” robot

sk performance - human-robot interaction ‘ ‘ B x r, ,
O——— human presence delection
\ user interface through the

Lbased intelligence with 360° sonar and
\o - -
|
| navigator on the arm and
nsing and force | display on the face
rol at each joint ’!
- N .

4

O\
oo ¥ The next

g “industrial revolution”

T — T——
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on casters lor movement with
lockil
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factory “humanoid” robot
“Baxter”
no programming
learning by demonstration
highly flexible and versatile

intrinsic compliance (safety) (“softness)

affordable for SMEs (Small and Medium
Enterprises)

“common sense”

61
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factory “humanoid” robot
“Baxter”
no programming
learning by demonstration
highly flexible and versatile

intrinsic compliance (safety) (“softness)

affordable for SMEs (Small and Medium
Enterprises)

“common sense”

—> re-insourcing of manufacturing tasks

61
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Principles

 human-robot cooperation (rather than complete
automation)

« safe human-robot interaction

 maintain jobs in country - re-insource

ACR AR . . -
s ‘:'l ) h ',I wwwwwwwwwwwwww 4
(: _.j \ University of robokcse ol I 0 I]

N Zurich™
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Trends in robotics/manufacturing

manufacturing, “hard” m—)p  SErVice, “soft”

complete automation — human-robot cooperation

outsourcing production e ~ fe-inSoOUrcing

—
—

big industries, high invest- ), SMEs, small investment
ments
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Contents

guided self-organization
the “Roboy” project

summary and conclusions
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Morphology and computation:

“trading spaces”

informational
computation

control dominant

pure computer
algorithm (running
algorithm)
control
dominant

increasing dominance of morphology and materials
decreasing dominance of control

control and behavior less separable

morphological
increased reliance on self-organization

computation

morphology and materials dominant
“euided self-organization”

Robot", 1ICRA 2007,

industrial Asimo Roboy  ctopus “Robot Jaeger- PDW cells
robot (and (compliant, (soflz Frog” Lipson (exploiting  molecules

(centralized  similar tendon- continuc;us) (variable coffee-  morphology) “Tribolags
control robots) driven) compliance)  balloon

morphology and
materials dominant

Dienstag, 1. April 14



“from bits to atoms”

66

Dienstag, 1. April 14



A note on “guided self-
organization”

at what level to apply control?

cockroaches: configuration of shoulder joint
the Octopus robot: a paradigmatic case study
human movement and locomotion

Shuhei Miyashita’s “Tribolons”

Jurg Germann’s soft self-assembling

i £ r’.; .\ . . , i — )
‘\’ﬁ '-",-‘5;"‘ Z uric h l I u h
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Exploiting morphology:
managing complex bodies

pictures and ideas:
courtesy Roy Ritzmann
. Case Western Reserve
__ University

|. University of robotcse s ni lah
ERET

————
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Exploiting morphology:
managing complex bodies

pictures and ideas:
courtesy Roy Ritzmann
. Case Western Reserve
University

<
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“Outsourcing” functionality:
exploiting morphology

brain: 1 Million neurons 11 mm obstacle climb
(rough estimate)

descending neurons: 200 (!) —
—

E 2114 ms

D 0 ms

brain:

- cooperation with local circuits

- morphological changes (shoulder
joint)

F 2560 ms

o Watson, Ritzmann, Zill & Pollack, 2002,
J Comp Physiol A

AR AR 2 i .
,.'..' :'L.: .;' -.' Swiss National
(13" University of roboticse s
lt:“ﬂ ../". Z u r l c h
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Effects of morphology change
shoulder joint configuration

descending
neurons: 200 (1)

/

brain
1 Million neurons

Thoracal-Coxal

‘ C « _  Joint
prothoracic ?_- Nl . e ',/ R
) “\,‘ \g'e\./ 'Coxa [
mesothoracic T8 Hows - /  Trochanteral-
(T2) ‘&\ \.)(') \ / Femoral Joint
SALNOre U,."\.' F — "j“ \ \ / Basroud.
(T3) \ ('/‘ e Femur Tibial Joint
; — YA Trochanteral Trochanter
\ \ ' Joint Tibia

| Joint

Tibia-Tarsal
Tarsi

"0
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Climbing over obstacles

CPG on flat ground
get hight estimate from antenna
change configuration of shoulder joint

CPG continue to function as before (don’t
“know” about climbing)

brain-body cooperation

£U University of roboficse s ni lnh
‘g Zurich
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Climbing over obstacles

morphological

\\\s‘— 2»'- U . - t f | o _ v
£748 %) Universityo roboHCse .
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A note on “guided self-
organization”

the Octopus robot: a paradigmatic case study
human movement and locomotion
Shuhei Miyashita’s “Tribolons”

Jurg Germann’s soft self-assembling

£U University of robohcse s ni lah
Ny Zurich
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Octopus arm
movements

Octopus Arm
Design and construction:

Matteo Cianchetti (SSSA)
Cecilia Laschi (SSSA)

Tao Li (UZH)

Naveen Kuppuswami (UZH)
Kohei Nakajima (UZH)

"’11\ University of roboficse e

B S s L UZH
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“Orchestrating” an Octopus
arm

Reservoir computing:

- adjust only linear readout

W, . X=0

out

network, out

. %
Wout o OtargetX

L1 .-"% 7 readout

inputs outputs

xz‘r’ ytr’ Ztr

0), p(v) ‘ AC,,
Design and simulation:

), It D(t : .

A0, i) ¥ Kohei Nakajima et al.

U8 University of '

:'.' “f‘T“. ‘_:“, y o O g::tieN;f“ggrﬂ:e:ence i

'&it_‘ﬁa‘:]:.y'ﬂ ZurichUZH ro ’borlcs in Research u I I u h 7 5
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“Orchestrating” an Octopus
arm

Reservoir computing:

- adjust only linear readout

Reservoir
W, ., X=0
l\\ Wnetwork, out
Y _ *
- readout Wout o OtargetX

inputs

¥
-,
y
VLI 7\
-2’ 7\
~ -~ tout
-
JOv S TS ou pll S
’ \ IR
\\\\\\—\_ R -\ _| 21 ~
Sy e N
’ \\\\\//* 1
& 1D

can be applied to physical

xtr’ ytr’ Ztr

0, p(t)

10, 1)

T T e— ——

]
O Swiss National o
ro O | l 5 CCCCCCCCCCCC petence
in Research 7 6




Benchmark tasks:
simulation setup

,’a-\\\
| 8
& 1
I
. I .
& J
& _' ; ,’ \\
Input (u(t)) o ~. Output
W O
C::lntlt')olln'lg " Take spring length as
RN sensory data!
. |

\-c"-_ --."b'\ U - . ;

'5 % fﬁ.'! nlverSlt Of ‘b r'. wiss Nationa e
il zurich™ Oboficse - gi lab
gy LUrIC
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Simulated arm approximating
benchmark tasks (Kohei Nakajima)

Task (Benchmark task) (Hauser et al. 2012)
« 2% grder nonlinear dynamical systems

y(t+1) =0.4y(t) + 0.4y(t)y(t —1) + 0.0048u>(t) + 0.1
* 10 order nonlinear dynamical systems

y(t+1)=0.3y(t) + 0.05y(¢) (Z y(t — l)) + 0.06u(t —9)u(t) + 0.1

 Volterra series
y(t) = Vu(t) = ffﬂ s P2 (T, T2)u(t — T u(t — 12)drldr2,
’ =40

where h2 is a Gaussian kernel with u; = u, = 0.1 and o, = 0, = 0.05, I.e.,
h,(1,,75) = exp((t; — #1)%/20,° + (1, — uy)?%/20,%), which is defined for

T.,T> € 10, 0.21. g d :
1752 | K. Nakajima, H. Hauser, et al..(in preparation) : Confiden

& ﬁ J g::l‘g:‘rs'ty of MODOHCSe e ai lab

/8
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Task performance

_____ -
A 0.2;

0.1+

0.4 12 4 1516

1.3 time [511'

15 18

14
time [s]
2nd order system| === target F

15 16

Body dynamics, | === spring1 E
' || — SDING2

spring3
- Spring4

output

028} | . 10th order system === targe
026 § | | . o = outp
024 ¢ § : & & & o
022t # & & & & f F & gy b B
02 4 N a# f4 & N B o.n AR B, B
I 1 " il H i ) "' na "h "
018 L., I L&l it ity e, il iR i, LR,
) LI WY DA U WA U LW LWl WA U W UL L
0.16
11 12 13 14 15 16
0.12 time [s]
01} | | , | | Volterataskl | == tartge
. ) | M ——_— Oup
008+ I # A O f
ool 0 A 11 & A 1§ -
{ il A i i 1 1 ' N !
0.04 ' ' " :',; I 1\ i i ,":u | |
0.02 | oAl a8 i i I
AT AN L AT O A T Y A YL A P R
0 M W WUV v Yias Vood vt SN WA V) VAl
1 12 13 1 15 16
0.125 time [s]
0.105 | [ A Moltgra tagk Il 4 === targe
0085t o8 f AR N Ry A fy R T oup
RN ne o i no ho
00651 MR Hy AR SRR AN e Al
0.045 8 T4t RITR It wtivd, bV At I 1R L40Y
0.025 ¥ ;”'.,n“-"' '\)".,",:l‘ f":n‘u.:'l :'u‘:,“‘("l','\‘ '\‘j*_s,"\:
0005 ey WYY U VWY YRL we W YLV VU
0.0153 2 13 14 5 16
time [s]

- 2nd order non-linear dynamical system: almost perfect

- 10th order non-linear dynamical system:

almost perfect

- Volterra series (constrained to 100 steps): almost perfect

79
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Task performance

02: -, ; : X - : ’ . : e . R
A R . Input D o2 | . 10th order system ¢
0.1} . v A 026F ¢ 1 F | | — )
1 . : : o : . 024! ,": : o i " i i ; "
| L R B 1 Kk 1 ’
0 ‘el £ 1 d L1 8 R 2L
0.1 048k, Mt aft AN #RA Ha 0 o0 A AR DA,
' | 0 16 1 Lawl LWL U U Lo Ll Ui UL
0. = | 11 12 13 14 15 16
0 0242” 12 Simers? 1516 S time (s}
B 0023 Body dynamics, | === spring1 E 0.1 [ ’ I | | Voltera task | | izt
0.022 ' L h — spring2 0.0 E: ! " ! i ! | '
00el | bl Al Al A B | nof 11t o & @8
0.02 § b e spring3 0.06 o R | S | B | | ¥ '
0019 springd 0041 H ot A N B AR ]
8 8‘11 { ‘ \ . \ . 0 At AN WV WA Yiae \\'\\'. 4 Ll \AN WA V) Wi
%1 2 13 . .14 15 16 1 2 3. . .14 5 6
0.205¢ p——
C 02} | d d . f Itgra task Il 4 ’
— ) h I 0
S21 > can use body dynamics o
O 19 "-""""/“.‘:' || ll‘l‘l::, :‘;.:I.“ l' :i
o= | armas computational resourcell .
(¥ V49 VvV YR v
0.18 :
11 1
) TS — - 5 6

“time(s)'

- 2nd order non-linear dynamical system: almost perfect

- 10th order non-linear dynamical system:
almost perfect

- Volterra series (constrained to 100 steps): almost perfect
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Body as reservoir

soft robots:
extremely rich dynamics

—> can be exploited:

- use body directly as reservoir

- non-linearity required

L rree——— ——8

fgg- ‘—‘7%";\ UniverSit Of b r-. Swiss Nat ional
¢.% 39 7urich™ y roboticse Cne f onotr

—
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Body as reservoir

soft robots:

extremely rich dynamics

—> can be exploited:

- use body directly as reservoir
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Sensorized physical arm

sensor-embedded arm




The STIFF-FLOP project - &1 0FF

“spinout” of Octopus project

Use biological inspiration to create novel, flexible manipulator
structures that are inherently capable of morphing their state from
completely soft to entirely articulated

manipulation of stiffness (global
dynamics)

application to minimally invasive
surgery

learning from physical inter-
action with envrionment

TN .
SR )
(Ha) University of (

Ny Zurich™
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A note on “guided self-
organization”

Shuhei Miyashita’s “Tribolons”

Jurg Germann’s soft self-assembling

AU Universi ' s
U University of roboticse e oi lah
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Morphology and computation:

“trading spaces”

informational
computation

control dominant

pure computer
algorithm (running
algorithm)
control
dominant

increasing dominance of morphology and materials
decreasing dominance of control

control and behavior less separable

morphological
increased reliance on self-organization

computation

morphology and materials dominant
“euided self-organization”

Robot", 1ICRA 2007,

industrial Asimo Roboy  ctopus “Robot Jaeger- PDW cells
robot (and (compliant, (soflz Frog” Lipson (exploiting  molecules

(centralized  similar tendon- continuc;us) (variable coffee-  morphology) “Tribolags
control robots) driven) compliance)  balloon

morphology and
materials dominant
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicycle”

Design and
construction:
Shuhei Miyashita
(previously Al Lab,
now MIT)

¢ 00:00:54
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicylce”

morphological computation:
no control (vibration motor)

Design and
construction:
Shuhei Miyashita
(previously Al Lab,
now MIT)

AU Universi T
(AL University of roboticse s ni lob
R uric

87
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicylce”

Design and
construction:
Shuhei Miyashita
(previously Al Lab,
now MIT)

vidéo speed: 2x

Gw " robotcse s ni lah

Dienstag, 1. April 14
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Changing the dynamics

shape
edges
strength of magnet

energy input (vibration) - dynamic

y 5:.5 ‘:;'\,\_, . . .
s ':‘lj -'.. ',I SSSSSSSSSSSSS
(7447 University of roboticse g

T
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A note on “guided self-
organization”

Jurg Germann’s soft self-assembling

AER AR : : i

s ‘:'l.’: h ',I wwwwwwwwwwwwww

; 77 Un'_ve';?:ty of robokicse s
\gy/ Zurich

89
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Jurg Germann’s soft cells for
modular robots

s Soft connection
. mechanism
< - based on

By o electroadhesio
SR - reversible

W
| = .

- very soft

- compliance

- fault tolerance
- robustness

Scm

Figure 3.3: Fabricated prototype: (A) two modules connected together, (B) the module has a
diameter of 18 cm and weighs 1.5 g, the pad has a radius of 3.9 cm and the electrode and gap

width are 2 mm.

90
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Jurg Germann’s soft cells for
modular robots

chain of soft cells
folding into EPFL
logo

hardware cell

91




Morphing mechanism

J
§ Tether
Magnets SMA spring NESEE (to control board)
(c) ‘

(d)

design and
implementation of
“morpho-functional

, machines”:

Velcro | Juerg Germann, EPFL

92
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Contents

the “Roboy” project

summary and conclusions

AR TR i i Tl = R
(: *—5] :) University of roboficse sz
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¢ ”% Umversuty of robohcse g ni lnh

Roboy as research
platform

Photograp y drian Be

investigation of:
functioning of muscle-tendon system

relation intelligence/thinking -- sensory-motor
processes

human-robot interaction

v@al >

et = Zurich™ 83
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I. " R

Photograp ly: Adrian Bz

ambassador of new generation of robots
share their living space with ours
friendly, useful, fun to be with

open source, community formation

4 ﬁ/ Eners of roboticse g oi lah

T —s5,ss

83

Dienstag, 1. April 14



ROBOTS
ON TOUR

World Congress and Exhibition of Robots, Humanoids, Cyborgs and more

9. MARZ 2013 | 0900-20 00 Uhr

1 PULS 5 | Giessereistrasse 18 | 8005 Ziirich

Roboter fur Jung und Alt in Zurich -
reservieren Sie sich lhr Ticket

*»** Ausverkauft ***

Robots on Tour ist ausverkauft.
Leider gibt es auch keire Tickets
25 Jahre Al Lab Zurich:

mehr an der Tageskasse.

Dienstag, 1. April 14
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Media Coverage

BBC, Financial Times, Discovery Channel, ered, Huffington
Post, CNET, Science World Report Reuters, Keystone, National
Geographic, ZDF, Bild, Welt, Suddeutsche Zeitung, Berliner
Zeitung, 3SAT, Deutsche Welle, Daily Mail, SRF Tagesschau, NZZ,
Tages Anzeiger, 20Minuten, Zuricher Wirtschaftsmagazin, MIT
Technology Review, ...

Switzerland, Germany, France, Spain, England, Sweden, ltaly,
Turkey, Irland, Greece, Japan, China, India, USA, Canada, Brasil,
Chile, Argentina, Vietham, Israel, Egypt, Mexico, Korea, Russia, ..
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Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich

(TU), Beijing and Shanghai (China), Washington, D.C. (US),
Zurich TEDXx, Dornbirnd (Austria), Tokyo (Japan), Cebit -
Hannover, London (UK) ...

,1_ University of bohcese == i
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Roboy as research platform

tendon-driven

= i

48 “muscles” ui lnh

shoulder joint:

8 “muscles”

=
Ny
5

(D) nivestyo obOCS: = ni lob gy
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Roboy as research platform

tendon-driven ) _
48 “muscles” 0i loh
shoulder joint:

8 “muscles’:

--> learning not
programming

‘ ii %' Unive rs|ty of rO ‘bO}'ICSU ?;?A??eNﬁfié’Qﬂ eeeeeee
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Sponsors - Logos on Roboy
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Various Youtube videos
March 2013
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Various Youtube videos
March 2013
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Humans, Roboy: tensegrity
structures?

tensegrity and

2 . .
* < self-organization:
\
> “orchestration” of
movement, rather than
control

lllustrations:
Shun Ilwasawa; io Ghibli, Tokyo
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Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich

(TU), Beijing and Shanghai (China), Washington, D.C. (US),
Zurich TEDXx, Dornbirnd (Austria), Tokyo (Japan), Cebit -
Hannover (March 2014), Tokyo (2014), ...

-"4**'5'&&7\? Umversuty of T :
s ODOHCSe He
\R/Zunch : g ni lob 143
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Roboy on Tour

Itinerary:
1A R (W ~vlawkaY Swiss Innovation Fair (Zurich), Munich (TU),
IJCAI 201 3 ai (China), Washington, D.C. (US), Tokyo

A734™) University of |, e——y o I I]
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Roboy at
Penghao Theater
Beijing
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Roboy at
Penghao Theater
Beijing

'

111

Dienstag, 1. April 14



‘ B —— .a)'..p il

HERLHEARS RS

Robot Show - A Meeting Point of Robots and Roboticists from Switzerland z

Shanghai

EDEM: EHRKE
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with Rolf and Hesheng
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Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovatiaon Fair (Zurich). Miinich (TU),

Beijing and Shanghai (C Washington D.C. ' Tokyo

(Japan), London (UK) ...

(15 ) Sniversityof ro\bof IC5 s 0 i I 0 h

\f;/ Zurich™
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-— Washington D.C.
viss Embassy)

—

“Soiree Suisse”
18 September
2013
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“Soiree Suisse” | _ |
18 September Swiss taxpayer’s
2013 money??




-
.....

Washington D.C. §

“Soiree Suisse” £ 3 (Swiss Embassy)

18 September R -
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Roboy on Tour

Itinerary:
‘B A (W ~=I~~uhe), Swiss Innovat

Zurich 35hanghai (China),
wapany;=endon (UK) ...

TEDXx Zurich, Oct. 2013

(5 ) jniversityof rooorit
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Roboy at TEDx in Zurich
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Roboy at TEDX in Zurich
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Roboy at Cebit 2014, Hannover

=i News

¢ COMPUTERWOCHE

Cebit 2014
Ein Roboter mit himmelblauen Augen

12.03.2014 - Die Knochen sind aus Kunststoff, das Hirn ist ein Chip, das Herz eine
Batterie. Auf der Computermesse Cebit marschiert eine neue Generation von
Maschinenmenschen auf. Ein Blick in die Zukunft.

Von STEPHAN FINSTERBUSCH, HANNOVER

Artikel  Bilder (1 Lesermeinungen (¢

Gestatten, meine Name ist Roboy

de in Germny

U annover, 11. Mirz. Die Knochen sind aus Kunststoff, das Hirn ist ein Chip,

‘f
—
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Roboy at Cebit 2014, Hannover

s22 Themen © Uber das Blog g Netzwerk

Von Roboy zu RoboThespian: Roboter bevolkem die CeBIT

Von Roboy zu RoboThespian: Roboter

bEVOlkern die CEBlT English Posts
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Robov at Cebit 2014. Hannover

T MARRE I I NVN
BLOG Hot Topics: ETFs | Banking | Forex Education | Online Broker Center

QUOTES } MARKETS INVESTING ADVANCED INVESTING

M

Make $25 in 1 Minute!
S I

MARKETS COM e

- e ‘ - -

Home > Video > Emotional Robots Have Tech Fair X-Factor

Emotional Robots Have Tech Fair X-Factor -
Presented by: The Aol. On Network

wht e ep - i He moves, he talks and likes to express his personality. Roboy is a so-called humanoid

— ‘-,| | show emotions.

L

- —
g

. AFPTV
g R. Logerot
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Xo<Myorobotics

A framework for musculoskeletal robot development

Technische Univeritat Minchen (TUM)

" Prof. Alois Knoll
Robotics and Dr. Konstantinos Dalamagkidis
L 1] Embedded Systems Michael Jantsch

Steffen Wittmeier
Rafael Hostettler
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X<=Myorobotics

A framework for musculoskeletal robot development

Technische Univeritat Minchen (TUM)

o ) Prof. Alois Knoll
. Robotics and Dr. Konstantinos D
L 1| Embedded Systems Michael Jantsch
Steffen Wittmeier

Rafael Hostettler
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The future?
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Contents

- summary and conclusions

(U University of roboticse s ni lah
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“Soft robotics”

central role of materials!

no clear separation between controller and
“controlled”

new notion of control (morphological
computation; “orchestration™)

understanding the “design space”

AU Universi '
U University of roboficse s ni lah
"*::f’fﬂ‘fit:::f"' Zurich
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Trends in Al/robotics

classical

centralized control

top-down control
algorithm

abstract symbol
processing

top-down design

fixed morphology

”q\ University of
Uz '_ =i . UZH
Y Zurich

°
0 Swiss National
ro O | ' S Centre of Competence
n Research

embodied

interplay of brain, body, and
environment

guided self-organization
dynamical system

sensory-motor coordination

design for emergence

morpho-functional machines

ni lah
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Trends in robotics/manufacturing

manufacturing, “hard” —

individual robots —
isolated robots ——
complete automation ——
outsourcing production sy
software, “bits” —
centralized manufacturing sy

big industries, high invest- sy
ments

service, “soft”

robot “ecosystem”

the human/robot “cloud”

human-robot cooperation
re-insourcing

physical system, “atoms”™
distributed “makers”

SMEs, small investment
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Epilogue

Sun |, son of a Chinese mother and American fighter pilot.
Mother dies at birth, father returns to US. Sun | grows up in
monastery, Wu, the chef (cook), is his mentor. One of the
chores: carrying water in buckets from the river to the
monastery, which was situated on a high rock. When they
arrived at the top, Sun I's buckets were always empty
(spilling), Wu’s always full.

Listen to the following conversation:

£U University of roboficse s ni lnh
‘g Zurich
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It was true. By some extraordinary luck or skill Wu never seemed
to lose a drop, though he hurried along the treacherous stair at
twice my pace. (I tried to cut my losses by moving slowly, plotting
my course in advance and picking each footrest with deliberate
care.)

“I don’t understand it,” | confessed to him. “You must know
some kind of trick. Explain your method.” ...

“You haven'’t yet caught on. It’s precisely this—excess of
method—that confounds you, leaves the buckets nearly empty ...”
“How do | do it? ... | close my eyes and think of nothing. My
mind is somewhere else. My legs find their way without me, even
over the most uneven ground. How can | tell you how I do it? . . . |

can’t even remember myself!”

(David Payne, “Confessions of a Taoist on Wall Street”, 1984, pp.
18—19)
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Epilogue

lllustration:
Shun lwasawa, Studio Ghibli, Tokyo
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“Better robots - better life”
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