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"The nature of the human mind is largely

determined by the form of the human body."
Rodney A. Brooks, 1999

"Artificial intelligence can only be achieved by machines
that have sensory and motor skills and are connected to

the world through a body."
R. Pfeifer and J. C. Bongard, 2007
How the Body Shapes the Way We Think
a new view of intelligence

The Embodied Intelligence Summer School will cover the
concepts of the Embodied Intelligence theory through
the integration of many disciplines viewpoint, as
robotics, biology, neuroscience, medicine, physiology,
psychology, as well as sociology and ethics.

www.octopus-project.eu/summerschool
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The EMBOD¥Projects

The "Embodied Intelligence" projects of the EMBGBiWative (a FET Proactive
Initiative Funded by EU Framework 71€007.8.5) attend to explore new forms

of sensing and interacting, employing new design approaches and ICT with the
address to the relationship between shape, function and the physicdlsacial
environment for the development of new intelligent physical artefacts. The
projects stress the role of interaction of agents with the environment for
adaptation process and opeended learning (changes in morphology, shape,
cognition, perceptiongcooperation), study new design principles for new robot
architectures based on the deeper understanding of the role of form and material
properties in shaping behaviour or develop smart components and techniques for
purposive agents where behaviour is mgitictly program but robustly emerges
from the interaction of the various components, or with the environment.

FET Proactive Initiative for the Embodied Intelligence Projects Target outcome:

Theresearch objectivesof the "Embodied Intelligencé’ initiative address new
technologies and design approaches for buildanysically embodied intelligent
agents and artefactswith emphasis on theelationship betweenshape function
and the physical and sociehvironment, and addressing one or several of the
following:

Mind-body cedevelopment and ceevolution: through permanent and extended
multimodal interaction of agents with the physical and social environment.
Projects will develop a better understanding of the role of suwraction in
openended learningand adaptation processes, including morphological change
for shaping perception, cognition, cooperation and social intelligence. They will
demonstrate qualitative and quantitative improvements in agent capabilities and
characteristics.

Morphology and belaviour. new design principles for sensing, actuation and
locomotion components and for robot architectures that are based on a deeper
understanding of theole of form and material properties in shaping behavigur
and of the ways in which these afford retanships andinteractions with the



environment and with other agents. Projects will aim to demonstrate advantages
in physical and performance characteristics of the robot e.g. in terms of control,
weight, flexibility, resilience, or other characteristics.

Design for emergencedesign paradigms and techniques for purposive agents
where behaviour is not strictly programmed but robustlgmerges from the
interaction of the various components(each with local intelligence)the
environment and its ubiquitous iformation resources Projects will develop
smart components and techniques for the design of ambitious classes of scalable
robotic systems, incorporating where possible prior knowledge on tasks or
environments, while leaving the necessary room for emergeard adaptation.



OCTOPUS
Novel Design Principles and Technologies for a New
Generation of High Dexterity Sethodied Robots Inspired by
the Morphology and Behaviour of the Octopus
/| hhw5Y {Odz2ftl { dzLISNA2NE { Iy

http://www.octopus-project.eu

QOCTO PUS)
JO

The OCTOPUS Integrating Bcoj(IP)aims at investigating and understanding the
principles that give rise to the octopus sensaomptor capabilities and at
incorporating them in new design approaches and technologies for building
physically embodied, softbodied, hypefredundant, dextrous defacts. To this
purpose, a robotic artefact will be built in OCTOPUS that can locomote in water
over a variety of terrains, explore narrow spaces, grasjects and manipulate
them effectively. The grand challenge that this IP will pursue is the desidn a
development of the ICT and robotics technologies allowing the building of an
embodied artefact, based broadly on the anatomy of an octopus, and with similar
performance in water, in terms fodexterity, speed, control, dkibility, and
applicability.


http://www.octopus-project.eu/

ANGELS
ANCuilliform robot with Electric Sense
COORD: Ecole Nationale Supérieure de Nantes, France

http://www.theangelsproject.eu

anceLs

ANGELS (STRER) design and build a prototype of a reconfiguraBlieguilliform
swimming robot able to split into smaller agents (and weesa), eals equipped
with a bioA y & LJeleERidR sersé used both for recognition of objects and
communication between agents. $h NR 62 i ¢ A f fmeci®hida)re A
configurabilityé, by changing body form or splitting into componexgents, and a
ySg 02y 0S LI -canflgurabifity tBaDwil o theNiBbots to seladapt
their perception to their environment by changing the location of emitters and
receptors on the rolot boundaries. Té electricfield generated around the robots
can be considered as a prolongation of their material body in the surrounding
water. Ths prolongation, that is nameaelectricbody, can then be shaped
through electric reconfigurations. ANGEWSI| explore the rangeof abilities
conferred by diférent mechanical and electric morphologies, from the shaping of
the common electric body shared by the agents navigating in formation, to design
of behavioural ooperative rules inspired by sh for impoving multiagent
perception through emergent collective behaviours.


http://www.theangelsproject.eu/

EMORPH

Event,Driven Morphological Computation for Embodied
Systems
COORDtalian Institure of Technology, Genova, Italy

http://emorph.eu/

emorph

EMORPH (STRER)poses to overcome the limitations of ICT, which despite its
dramatic progress has not yet beable to design and build arttiial systems that
can compete with biological ones, on many aspediere arelimitations both at

the technological level, and at the theoretical/computational level. EMORPH
proposes to explore the concepts of embodied intelligence, by combining the
design of novel datariven biologically inspired sensory devices with the
development of new asynchronous eveilriven computational paradigms, with
structure and morphology that are matched to the requirements of the r@bot
body and its application domain. The project will design asynchronous vision
sensors with noruniform morphology, using analogue VLS| neuromorphic
circuits, develop supporting daddriven asynchronous computational paradigms
for machinevision methodologies that are radically different from conventional
ones, and test embodied intelligence on advanced humanoid rolpditforms.


http://emorph.eu/
http://emorph.eu/

EVRYON
Wearable robots for functional restoration, substitution,

rehabilitation, augmentation
COORDUnNiversity Campus Biomedico, Rome, Italy

http://www.evryon.eu

eJevrion

EVRYON (STREW) develop a novel design approach for the development of
wearable robots, such as active orthoses, prostheses and exoskeletons for
functional restoration, functional substitution, rehabilitation and human
augmentation. The proposed ap@moh is based on the coevolution of
morphology and controlwhere the design of the artdial system takes into
account the dynamics of the biological counterpart so that the human body and
the robot symbiotically benefit from each other, exhibitiegnergent dynamic
behaviours. Té selected robot is an actuated bilateral orthosis for the lower
limbs destined to restore proper walking capabilities in chronic impaired subjects.
Experiments will be performed on volunteer elderly subjects. The approagh an
methodology to be developed within the project will have a deep potential
impact in the field of wearable robotics, biorobotics, rehabilitation and functional
restoring.


http://www.evryon.eu/
http://www.evryon.eu./

LOCOMORPH
Locomotion and movement in robots, with enhanced
manoeuvrability, selfstabilization, energy efficiency and

adaptation, thanks to morphology and morphosis
COORDUniversity of Zurich, Switzerland

http://www.locomorph.eu

LOCOMORPH

LOCOMORPH (STR®&M)push beyond the state of the art in robotic locomotion
and movements, by increasing efficiency, robustness, and thus usability in
unknown environments. As robotic research and industry eoenpeting to
increase robots usability towards the highindemand service robotics,
advancements in robotic locomotion today would give Europe a significant
competitive advantage. Locomorph combines multidisciplinary approaches from
biology, biomechanics, neuroscience, robotics, and embodied intelligence to
investigate locomotion and movements in animals and robots, focusing on two
concepts: morphology and morphosis. Through an exploration of morphology and
morphosis, the consortium will develop robots with increased manoeuvrability,
selfstabilization, energy @tiency, and adaptation to unknown environments.
These advances will bring us closer to service robotics, as a large part of these
robots must be able to locomote safely, regardless of surfaces, layouts, or
terrains.


http://www.locomorph.eu/
http://www.locomorph.eu/

VIACTORS
Safe, energyefficient and highly dynamic variable impedance

actuators
COORDDLRGermany

http://www.viactors.org

VIACTORS (STRE&Jresses the development and use of safe, eneffjgient

and highly dynamic variable impedance actuation systems, which will permit the
embodiment of natural characteristics found in biological systems, into the
structures of a new generation of meclhahic systems. Th is advance in
technology will pave the way towards new application fields, such as industrial co
workers, household robots, advanced prostheses and rehabilitation devices, and
autonomous robots for exploration of remote planets. Therefdtes project will
deeply impact applications where successful task completion requires people and
robots to collaborate directly in a shared workspace or robots to move
autonomously and safely.


http://www.viactors.org/
http://www.viactors.org/




