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Relation to cognition/
Intelligence?

“Why do plants not have brains? The answer
Is actually quite simple: they don’t have to
move.” Lewis Wolpert, UK

—> evolutionary selectionist pressure
on brain development

brain/intelligence always part of complete
organism
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Cognitive Systems/ Artificial
Intelligence — goals

-

1. Understanding " =N -
biological systems . J
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2. Principles, theory

robot “bar man”

3. Applications




Artificial Intelligence — goals

Slugan "Understandmg by building”
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Zurich Al Lab robots
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'I"ll':._.j'
--

L

AMouse
sahabotll
Melissa

Tripp
Samurai

Analogrob
Dexterolator
slumpy

Eyebot
Mindstorms
Kheperas
Mitsubishi
Forkleg

I_.r".'




Zurich
Al Lab

robots

Stumpy, Monkey, Puppy, Min-dog, Wheeled
\Walker, Mini-Stumpy, Wanda, Dumbo, Rabbit







Al Lab Robots
(explnratlon of morphalagy)
'?" '




floating; hair-bot;

adaptive leg press
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Recent development: Roboy

more later
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Contents

+ the four messages of embodiment
» the “power of materials”
« summary and conclusions

+ the "Roboy” project
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Getting into the spirit of
embodiment
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The spirit of embodiment

32



The spirit of embodiment
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The spirit of embodiment
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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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d R University of

“Crazy Bird” — Morphology,
Control

loosely hanging feet
rubber/plastic

behavior of "Crazy Bird":

only program?
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Message 1: Physical embedding

Studying brain (or control) not
sufficient: Understanding of

e embedding of brain into organism

e organism’s morphological and
material properties

e environment

required
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; i} Zurich"™

Let me be clear

The brain is important!
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Let me be clear

The brain is important!

but not the whole story ...

ni lob
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Message 2: Real/ Artificial-
constructed worlds

Understanding the differences between

- artificial/constructed worlds (e.g. industrial)

- real worlds (e.g. downtown area, shopping
mall, school, home, soccer field)

—> different requirements for robots
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industrial real-world
environment environment

- low predictability
- coping with
uncertainty

industrial robots
{ 18 h a r-d !I'!F}
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industrial real-world
environment environment

- low predictability
- coping with
uncertainty

« - high predictability
- programmability
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industrial robots
{ 18 h a r-d !I'!F}
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Transfer of methods?

Sony Qrio:

high stiffness
centralized control
conputationally intensive
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By comparison: The “Passive
Dynamlc Walker”

the “brainless™ robot:
walking without control

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

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

the “brainless” robot:
4 walking without control

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

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




By comparison: The “Passive
Dynamlc Walker”

the “brainless” robot:
4 walking without control

i
.
=
1.4 o

‘ self-stabilization

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

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



Short question

memory for walking?
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The Cornell Ranger

design and construction:

Andy Ruina ;I.Emger walks by, clunk-clunk-clu

Cornell University

exploitation of passive dynamics
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The Cornell Ranger

design and construction:

Andy Ruina
Cornell University

exploitation of passive dynamics
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The Cornell Ranger

conception et construction:
Andy Ruina
Cornell University

65km with one battery charge!
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The Cornell Ranger

v ™ l_ . ==
“control” of locomotion r‘
by exploitation of

conception
Andy Ruina
Cornell University

65km with one battery charge!
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Contrast: Full control

Honda Asimo
Sony Qrio
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Message 3: Task distribution

Task distribution between brain (control), body
(morphology, materials), and environment
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Message 3: Task distribution

Task distribution between brain (control), body
(morphology, materials), and environment

no clear separation between control and
hardware (“soft robotics™)

morphological
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“Stumpy’”’: task distribution

e, e almost brainless: 2 actuated joints
springy materials
surface properties of feet

Design and construction: Raja Dravid,
Chandana Paul, Fumiya lida
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“Stumpy’”’: task distribution

e, s almost brainless: 2 actuated joints
springy materials
surface properties of feet

Design and construction: Raja Dravid,
Chandana Paul, Fumiya lida
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“Stumpy’”’: task distribution

e, s almost brainless: 2 actuated joints
springy materials
surface properties of feet

Design and construction: Raja Dravid,
Chandana Paul, Fumiya lida
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The dancing robot “Stumpy”

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

Mowvie:

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

S Design and construction:
Ryuma Nilyama and
Yasuo Kuniyoshi
University of Tokyo

pneumatic actuators;
. compliant materials

* P LIiversi Ty oF Ty

Ryuma Nilyama, Yasuo Kuniyoshi,
"Mowgll: A Bipedal Jumping and Landing Robot™, ICRA 2007,
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The “robot frog” driven by

pneumatic actuators (UTokyo)

Ryuma Nilyama and
Yasuo Kuniyoshi
University of Tokyo

pneumatic actuators,
compliant materials
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Ryuma Nilyama, Yasuo Kuniyoshi,

=

.

"Mowgll: A Bipedal Jumping and Landing Robat™, ICRA 2007,

84 ) University of
¢ Zurich™
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Design and construction:
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The “robot frog” driven by
pneumatic actuators (UTokyo)

Design and construction:

EHighESpeediGamiy i T
i b yuma Nilyama and
(125 {==)) | vasuo Kuniyoshi
University of Tokyo

pneumatic actuators,
compliant materials
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Ryuma Niiyama, Yasuo Kuniyoshi, F
"Mowgli: A Bipedal Jumping and Landing Robot”™, ICRA 20099
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The “robot frog” driven by
pneumatic actuators (UTokyo)

b Design and construction:
Eigh 'ﬁ_%:ﬂgﬂ Cam Ryuma Nilyama and
(125 {20 | Yasuo Kuniyoshi
University of Tokyo

pneumatic actuators:
compliant materials
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Ryuma Niiyama, Yasuo Kuniyoshi,
"Mowgli: A Bipedal Jumping and Landing Robot™, ICRA 2007,
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Message 3: Task distribution

Task distribution between brain (control), body
(morphology, materials), and environment

no clear separation between control and
hardware (“soft robotics”)

morphological
computation
re-thinking of “control
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Morphological Computation
also: sensory side

- non-homogeneous arrangement of
facets in insect eye

- log-polar arrangement of receptors in
human retina

strung contrast to
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Contents

+ the “power of materials”
« summary and conclusions

- the “Roboy” project
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The power of materials:
The robot fish “Wanda”

design and construction:
Marc Ziegler, Al Lab, UZH

materials

changeable stiffness

maneuverability In
3D space

- &id °y University of (QOONCse ni lob
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The Octopus Robot:
a paradigmatic case study

PN 3 i
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Exploiting materials:
Octopus (EU Project)

e ———— e — —— =

Octopus Arm
Design and construction:

Matteo Cianchetti (SSSA)
Cecilia Laschi (SSSA)
Tao Li (UZH)

naveen Kuppuswami (UZH)
Kohei Nakajima (UZH)




Octopus arm
movements

Octopus Arm
Design and construction:

Matteo Cianchetti (SSSA)
Cecilia Laschi (SSSA)

Tao Li (UZH]

Naveen Kuppuswami (UZH)

Kohei Nakajima (UZH)




Inching and rolling: GoQBot (B”érry
Trimmer’s caterpillar robots)

e
——

design and construction:
Barry Trimmer, Tuft's University, Boston
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Inching and rolling: GoQBot (B'érry
Trimmer’s caterpillar robots)

design and construction:
Barry Trimmer, Tuft's University, Boston




Jaeger/Lipson “coffee

balloon gripper”
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Jaeger/Lipson “coffee
balloon gripper”
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Jaeger/Lipson “coffee
balloon gripper”
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Jaeger/Lipson “coffee
balloon gripper”
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Jaeger/Lipson “coffee
balloon gripper”
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Orchestration
of grasping

é/nej
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morphological computation
exploiting morphology
and materials for control

64
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of grasping i

morphological computation
exploiting morphology
and materials for control
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Expansion of design space:
trading spaces and trade-offs

- morphologies (physical structure, distribution of
sensors, actuators)

- many materials; changeable characteristics (e.g.
stiffness, length, shape, sensor distribution)

- must understand “trading space”. morphology -
computation/control

- trade-offs: morphology/materials - flexibility (but
changeable properties)

65



Morphology and computation:
“trading spaces”

increasing dominance of morphology and matenials
decreasing dominance of control

control and behavior less separable

'“fﬂrmati?"al increasing dependence on environment ’”WPhﬂ'ﬂS'“'
Complsacion increased reliance on self-organization Comprtation
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicycle”

Pl

Design and
construction:

Shuhei Miyashita

_ﬂ‘x University of
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Morphology and computation:
“trading spaces”

increasing dominance of morphology and matenals
decreasing dominance of control

control and behavior less separable
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicycle”

Design and
construction:

Shuhei Miyashita

ihﬁ‘x University of
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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)
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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)

./H\‘. University of
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicylce”

morphological computation:
no control (vibration motor) -
| S

Design and
construction:

Shuhei Miyashita
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Morphology and computation:
“trading spaces”

increasing dominance of morphology and matenals
decreasing dominance of control

control and behavior less separable
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back to the “four messages”
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Message 4: Physical dynamics and
information structure

Induction of patterns of sensory
stimulation through physical interaction

with environment

—> raw material for information
processing of brain (control)

—> induction of correlations (information
structure)

/ f.lj \ University of -AFirce :
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Essence

- self-structuring of sensory data through —
physical — interaction with world

- physical process, not computational
pre-requisite for learning

—> predictions / expectations

Inspiration:

John Dewey, 1896 (!)

Merleau-Ponty, 1963

Bajcsy, 1963; Aloimonos, 1990; Ballard, 1991
sporns, Edelman, and co-workers

Thelen and Smith (developmental studies)
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Contents

« summary and conclusions

- the “Roboy” project
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The four messages of
embodiment

Message 1: Physical embedding
Understanding brain not enough; morphology
materials; embedding

Message 2: Real/Artificial worlds

Fundamental differences industrial and real-world
environments

Message 3: Task distribution
Cooperation - brain, body, environment

Message 4: Physical dynamics and information structure
Induction of information structure; dependence on

morphology and control



“Soft robotics”

« central role of materials!

* no clear separation between
controller and to-be-controlled

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

- understanding the “design space”
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Compliance, “softness”: the
next steps

ROBOY = ABOUT SUPPORTER ONTOUR MEDIASNEWS CONTACT

B
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P
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the “Roboy” project

i HELLO
MY NAME IS ROBOY
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The Zurich Al Lab
ROEBOOTS

25th Anniversary
1987 - 2013 N TOL
. e Roboy

a special “birthday !
| present”‘?

|dea: h‘ r
- June 2012 finish by p, -f ™ f
Marr:h 2013 ¢ P "
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The Zurich Al Lab

25th Anniversary ROIRENT S

1987 - 2013
‘ s ONTOU poyoy

a special “birthday i
present”?

E— T
Idea: 4
June 2012 finish by I
March 2013 -

T—
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25 Jahre Al
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( ldea: Pascal Kaufmann Jig :
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“Roboy” — the bio-inspired tendon-driven
humanoid robot

Slogan: “Understanding by building”



“Roboy” — the bio-inspired tendon-driven
humanoid robot

Slogan: “Understanding by building”



Roboy’s predecessor:
ECCE (EU-project)

g roboicse = ai lob




Project goals
e ——

el 7

- ambassador of new generation of robots
- sharing living space with humans

- evoke positive emotions

- kid-like appearance - cute

- research platform, not (yet) product

- rapid development: 9 months

- open source: creating a community

DoReIty ¢ roboticse === gi loh




First design

e

CUTE??!?

R ) Ty of robokic













Roboy’s C
new look |




Teaser video for crowdfunding

November 2012

vided Yeek Tarriar, Scarming
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Teaser video for crowdfunding
November 2012

e ———————

Make Roboy your friend!

www.roboy.org
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Various Youtube videos
December 2012
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Various Youtube videos
December 2012
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Various Youtube videos
December 2012
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Various Youtube videos
December 2012
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Various Youtube videos
December 2012
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head
facial expression

‘ haad, lacial exprassion by
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ROBOTS
O TOUR

veond Congress andg ExniDibon of RoDOS. Humandeds. CyDOoms and mone

START BESLCHER ROBOTER MaDOitikih REFERENTEN T TRCHETSE KOMTART
X . ]

>
1

-
-

L3

2
-
-"1? ;

-ﬁ

i
»

‘. & [ i " T
— ll"lr - i e j e
: oy N .l ut-':i. :i:
g IR ] 9. MARZ 2013 | 09.00-20.00 Uhr f
. \ - PULS 5 | Giessereistrasse 18 | BOOS Ziirich
= I A
\: - Raboter fiir Jung und Alt in Zilrich -
L owl. reservieren Sie sich Ihr Ticket

== Ausverkauft *** m

RobolE Of Tiowl &1 dusveauh
Lodor Qs 08 puch Kpene Tokole

25 Jahre Al Lab Zurich: mahe ar dor Tages kasee
Roboter aus aller Welt fur Jung und Alt



SET ikid i :

Invasion in Ziirich - die | Androiden kommen

o Spicarvien
e

e i T Em™
Fa e o - e

- B T T T T B R T = BBl il ol T

g

R —
il T ey e ek m i ol § Hime & ol e e L =L = e = o= --:'-J B ==
R T TR SN R BN i
- T - !l mmele B=] orger v o e = 5 - 2 - = Eridh
RIS S0P F S il Tige g wadien e Iy - - ShewEm mil Gedarkenaraf®
e T = . E— 1 I —— g
- S—_—— m N PPN S 2 & BB RN BT =
e —— - 1 . . . . fa S T e = . (L
R sy - B Pl L - rr= - | nio ey B 1 = = s e ]
-l i
e —— B RN N S T e S G WS - } = . [ S = T
2 - i - g . = B L T = - G el Py B ———"— w1 —
P T e e T
x
T P I P Wl et
[ N1 "] _.EI'.'-E.'I:I':':- - e = = g Chew - = 8
. . = = e s el el Sy
S . = W= ST L5 B LB Nl T
B ke i B Cesr Wemsc® o™t St Wortskd R b -t ———fi—.
B =T fi e [ e peipiiblyd == w Eme e o e momeres. fueorlnd e e 7 =
e = |
T r— FrR Sl LR W =] N, o m— v wrlnaen Sy
T ™ — o M e Nl e B e T R e ST RN
R e b e PN -
————

o L TE Pl Bl L L o f TR R

I-II.I.II-I -

e B e e g ey
- .
B LA

=g
i
Ill"-lllnl-‘- =

" B Rl o el B Mol E ol el

{{Hnﬁnter als Teil
der Gesellscha

e 8 ] Foerml Soey mesos: G peope P o T p—— W
e s . mrereesiedriey  'E el SR N SRR
- - I ..L. .IF . - n L L] - - |-
000 B I e TR i
i J

i U CRCE L o R e e

e R—
L e e o e I G T B T
N el e . T T [T B B
M T — F Y p— . Unumr &

F o il i B Bl 0 =l e -

= | R e i'm -
g a e g g W g g

T S =0 Sy iy Tien
T R A e
T T T i el B

ey Tt D— - ———

(SFE oS LR R N

G T BT ol s R W s e

i =i o LR sl i Do Sl | TN == e 1 drr=i
BT M R R . AT L B &=
[ =] [ L x ol I iy "l | i [ G N Binni s

S = o = - " — p—— —

T T L e (e o e e S B il W - e o s M et - e i [pp— A = =

12 ﬂﬂlﬁ#,‘ﬂﬂ.’ah 2 Urich:

: ri _
P = n?er aiig allar vvalt fiir dluna undd Stk

T
I T

U T CSaR
FE L e

LN I. LR =
FE Li =
Pl Ml T W0
n

— m g mE o

o — n
B kel "
o P [ &
e L F_F_ LR

.I* LB
e L a
o =
——— S —
ST B
.“- I.I I-.-
= om - =
N e
- i B
i — T
mer i e
= e il B i’ e o
T
T ST AT
e
._ 'I.l..-.-_
T
-L.I--.h-l

S -l i o
e o o o

gl n B
e n e mw g
B S Rl i

"" »

- e —
N N e ™
Fama = -
L algey o B - L
Bl z
T




f""h_':'.l -y -.:. .!g_—-ﬁ Tl

Pictures: Jaan Spitz
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Various Youtube videos
March 2013

f.:-ﬂ- = video: ZHAK, Zircher Mochschule der
s miversitv r Hunale, March 2013

Attt M wwiw youtube comiwatchleature=playver detail




Various Youtube videos
March 2013

video: ZHdK, Zurcher Mochschule der
Himale, March 2003

w youtube.comiwatchffeature=player detailpagef&v=U&g0iViVusSTiCE




Various Youtube videos
March 2013
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video: ZHoK, Zurcher Mochschule dor

‘2 dei Twereitv e ' Kimate, March 2013

http:iwww. youtube comiwatchffeature=player detailpage&v=U6g0iViiu®s




Various Youtube videos
March 2013

_.i"'l.'-_'.: a video: ZHOK, Zurcher Mochschule der
‘2 bl Tivercity Hinate, March 2013

laver detailpagpedv=U6e0iVVUS LT

httpiwww. youtube comiwatchffeature=




Various Youtube videos
March 2013

LW k - video: ZHdK, Zircher Mochschule der
bt i oo ' . Kinate, March 2013




Media Coverage

BBC, Financial Times, Discovery Channel, Wired, Huffington
Post, CNET, Science World Report Reuters, Keystone, National
Geographic, ZDF, Bild, Welt, Suddeutsche Zeitung, Berliner
Zeitung, 3SAT, Daily Mail, SBRF Tagesschau, NZZ, Tages Anzeiger,
20Minuten, ...

Switzerland, Germany, France, Spain, England, Sweden, ltaly,
Turky, Irland, Greece, Japan, China, Indien, USA, Canada, Chile,
Argentina, Vietnam, 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), Tokyo (Japan), London (UK) ...

@1,' e robolicse == oi lob
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Summary, conclusions
e —

- wonderful experience >
- funding: crucial
- careful: crowdfunding not easy
- media attention: reason?
- tipping points
- discrepancy with funding
e T ——=

LRIty ae roboticse === gi loh
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Summary, conclusions
e T —

I

- wonderful experience

- 40 people

- 15 companies

- 7 universities (UZH, ETH-Z, TUM, U-Tokyo,
Simtec-Singapore, ZHaW, ZHdK-Zurich)

- 50 sponsoring companies

- T T —— A
FE—— T ————y

DapsTItyof roboticse == gi loh
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Sponsors - Logos on Roboy




Summary, conclusions
e —

- wonderful experience >
- funding: crucial
- careful: crowdfunding not easy
- media attention: reason?
- tipping points
- discrepancy with funding
—_ _*

e roboticse == gi lnh
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Your ideas - warmly welcomed!
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Like to know more?

e ——— — e ————
Fhetih by roboticse ==
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Like to know more?
B e e — T

o el ™

Read THE book!
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Fhedit iyl roboticse ==
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Like to know more?

WHAT book?!?777?

I—1

roboricse ==

-
oi lohb
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Read:

|

oS

Rolf Pfeifer and Josh Bongard

How the body shapes the way we
think — a new view of intelligence

MIT Press, 2007

lllustrations by Shun lwasawa




English Japanese Chinese French English Arabic
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Better robots — better life !

B __—_u

Thank you for your attention!
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R roboticse = gi lab
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