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The RobotCub Mission

To create an open-systems 53 degree-of—freedom humanoid robot: iCub ©

e Same size as a 2 year-old child (90 cm tall)

e  Able to sit and craw!

* Capable of developing an understanding through real-world
exploratory, manipulation, and imitation cognitive skills

Seek to make RobotCub the platform of choice

foneseaenlinienbed edicaoniien Dearees of freedom for the upper body:

Professionally documented,

7 for each arm
reproducible, open platform 8 for each hand
7 for the head

3 for the torso and spine

Humanoid design & cognitive software
will be freely-available on a
GNU general public licence

Each leg will have 7 degrees of freedom

Prototype waist

3 degree of freedom serial neck
modular design

independent vergence (2 dofs)
eve tilt

overload protection on neck
absolute sensors on neck
integrated sensors and electronics

Differential joint

3 dof

Same motor iCub ®

as for the shoulders
1 dof

3 DOF shoulder timing belt driven
1 DOF elbow conical gear driven
3 DOF wrist (mixed transmission)
Hand actuator relocation along the arm

Sensary system will include %

9 controlled DOF on hand
Binocular vision system Finger underactuation (21 DOF in total)
Touch Absolute position sensor on finger joint
Audition Tension sensor on finger tendons
Inertial sensors Tactile sensor
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The RobotCub Approach to Cognition

Cognition is created in a developmental agent-centred manner
through embodied physical interaction involving

exploration
manipulation
European Project Partners imitation
Giulio Sandini, Giorgio Metta, David Vernon, University of Genova - LIRA-Lab, DIST, Htaly communication

Paolo Dario, Maria Chiara Carrozza - Scuola Superiore Sant’Anna, Italy
Rolf Pfeifer - University of Zurich, Switzerland

Claes von Hofsten, Kerstin Rosander - University of Uppsala, Sweden
Luciano Fadiga, Laila Craighero - University of Ferrara, Italy

= Ontogenesis cannot be short-circuited
=

Kerstin Dauterhahn - University of Hertfordshire, UK e
=

Cagnition is required embodied development
Initially deals with immediate events

José Santos Victor - Instituto Superior Tecnico, Portugal
Increasingly acquires a predictive capability

Darwin Caldwell, John Gray - University of Salford, UK

Audle Billard, Auke lispeert - Ecole Polytechnique Federale de Lausanne, Switzerland
Francesco Becchi, David Corsini - TeleRobot S.r.l. ftaly

Emilio Bizzi - European Brain Research Institute, Italy

Symbolic Eomputation
Cognition and perception * Information Processing
are functionally-dependent « (Unique) objective external y

* Designer-dependent
on the richness of the action interface Srbolic tertosentations

Intrinsically dualist

Cognitive development involves several phases

International Collaborators
Rodney Brooks, Paul Fitzpatrick ~ Massachusetts Institute of Technology 1. Coordination of eye-gaze, head attitude,
Yasuo Kuniyoshi - University of Tokyo, Japan hand placement when reaching
Hideki Kozima — Communications Research Laboratory, Japan
Gordon Cheng - ATR Computational Neuroscience Laboratories, Kyoto, Japan
Juergen Konczak - University of Minnesota, Dept. Of Neurology 2. Dexterous manipulation of the environment
learn the affordances in the context of one's own developing
— capabilities
Research and Training Site (RTS) “ ” 3. Ideally, communicate through gestures, simple expressions
of its understanding, achieved through
e Reference site for the open system ram was inraduced in Maturana and Varsia 19871 « rich manipulation-based exploration & social contact
e Integration, upgrades, releases, licensing * imitation
¢ Training facility « multi-agent social interaction

e Several iCubs available far 314 party research . "
More complex and revealing exploratory use of action

Recruited Actions

. Tncraasing complexity in action space
Level 2 APIs! Prospective Action Behaviours ¥
Coordinated operation: Ontogenic Development Coagnitive gl q
Level 1 PIs perception/action behaviours A COGNITION and TIME
Based on Innate perception/action primitives «. 21 Goronati
phylogenic loose federation of behaviours jre ntogenic
—1 Devalopment
configuration P
Level 0 APIs: data acquisition & motor control Action & Perception
Co-determination through
Software
Multiple YARP processes o . VW\JJ\AM self-organization and interaction —L—X ™
Running on multiple processors f - L:\J .
s
ﬁ(}bn ethernet t
_—
N Increasing
cub @ Cognition pioie Incremental development of cognitive skills
S — Increased prospection through of Prospaction .
e I co-development & ssif-modification Exploration
gstems S Menipulation
Sensors & Imitation

Potential of
own actions

AEHRIONS Gestural communication
Agent expands its space of
possible actions by altering its

system dynamics

Exploratory
motives

Novel
regularities
in the world

Social
motives

agent interaction
mutually—constructed
patterns of behaviour
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