
Artificial Muscle
Actuators

-9 AC Servo Motors
-Wire Drive
-Nonlinear Viscoelasticity

Height : 510 [mm]
Width : 450 [mm]
Depth : 600 [mm]

Tendon Driving
Wires

Dental Robotics: Clarify Human Dental Robotics: Clarify Human 
Mastication with Mastication ScientistsMastication with Mastication Scientists

9 DOF9 DOF

With OKINO Industries

Real Human Dry Skull



Patient Manipulator

Doctor Manipulator

Controller Display

Jaw Training Robot for TMD Patients
Designed using Human Mastication Model



Jaw Training Robot and Patient Jaw Training Robot and Patient 
Simulator Robot for Exploring New Simulator Robot for Exploring New 

Robotic Treatment Methodology Robotic Treatment Methodology 



Flutist Robot for Simulating Human 
Flute Playing:WF-4

GIFUGIFU--WASEDA WABOTWASEDA WABOT--HOUSE ProjectHOUSE Project

Professional Flutist: Mr. Professional Flutist: Mr. 
Kunimitsu Wakamatsu Kunimitsu Wakamatsu 



Modeling of Human Speech 
Production Using Talking Robots: 
WT-3/4

WasedaWaseda DaigakuDaigaku ((WasedaWaseda University)University)



Emotion Expression Humanoid EYE-Chan:
WE-4R for Modeling Human Mind

Part DOFs
Neck 4
Trunk 2

Base Shoulders 4
Shoulders 6
Elbows 2
Wrists 6
Eyes 3

Eyelids 6
Eyebrows 8

Lids 4
Jaw 1

Lungs 1
Total 47

DOFs Configurations



Robot come 
strumenti per le 

neuroscienze

Robot come 
strumenti per 

studiare l’interazione 
uomo-robot

RoboCasa
Tokyo

Sorpreso

Felice

Disgustato



Robot-An, Laboratorio congiunto 
italo-giapponese

Un robot gemello del Wabian2
viene sviluppato a Robot-AnInaugurazione ufficiale di RoboHan, 

Laboratorio congiunto italo-
giapponese, Pisa, Febbraio 2006



COG and COG and KismetKismet, MIT, MIT

• Human-like intelligence cannot be developed
without a human-like body

Prof. Rodney Brooks, MIT

COG (Cognitive Robot)Kismet: a sociable humanoid



NeuroNeuro--Robotic research at the Human Robotic research at the Human 
Information Science Lab, ATR, JapanInformation Science Lab, ATR, Japan

to understand brain mechanisms, 
including vision and motor systems, 

which support the adaptive 
behaviour of humans by adopting a 

“Computational approach”, i.e. 
developing an artificial brain in order 

to understand the brain

Computational Neuroscience 
Project

Prof. Mitsuo Kawato



NeuroNeuro--Robotic research at the Robotic research at the AI Lab, AI Lab, DepartmentDepartment of of 
InformationInformation TechnologyTechnology,  ,  
University of University of ZürichZürich, , SwitzerlandSwitzerland

to understand natural forms of 
intelligence (humans, animals) by 
designing and build intelligent systems 
(computer programs, robots, other 
artefacts)

“Understanding by building“ approach
modelling aspects of a biological system,
abstracting and exploring general principles of 
intelligence, 
using these principles in the design of artefacts.



NeuroNeuro--Robotic research at the RIKEN Brain Robotic research at the RIKEN Brain 
Science Institute, JapanScience Institute, Japan



NeuroNeuro--Robotic research at the RIKEN Brain Robotic research at the RIKEN Brain 
Science Institute, JapanScience Institute, Japan

http://www.brain.riken.go.jp/res-outline/image/timetable.gif









BionicaBionica
scenario ‘scenario ‘BeyondBeyond ortheses’ortheses’

Recover the 
sensory-motor
manipulation
capabilities of a 
disabled
person’s arm



POWERSUITE under POWERSUITE under 
development by SSSA in the development by SSSA in the 
NEUROBOTICS ProjectNEUROBOTICS Project

BOWDEN CABLES

COMPLIANT JOINTS

ACTUATION SYSTEM

COMPOSITE PLATE

ANTHROPOMORPHIC 
CABLES  LAYOUT 



Additional arm/hand
systems

BionicaBionica
scenario ‘scenario ‘BeyondBeyond prostheses’prostheses’



Explorations
inside the 
human body, 
with full 
sensory
feed-back

BionicaBionica
scenario ‘scenario ‘BeyondBeyond teleoperation’teleoperation’



Participants
1. SSSA: Scuola Superiore Sant'Anna, Pisa, Italy (prof. Paolo Dario) – Project Coordinator
2. CDF: Collège de France, CNRS, Paris, France (prof. Alain Berthoz)
3. DLR: Deutsches Zentrum fur Luft und Raumfahrt, Oberpfaffenhofen, Germany (prof. Gerd Hirzinger)
4. IBMT: Fraunhofer Institute for Biomedical Engineering, St. Ingbert, Germany (Dr. Thomas Stieglitz)
5. KI: Karolinska Institutet, Stockholm, Sweden (prof. Sten Grillner)
6. KUL: KU Leuven, Belgium (prof. Guy Orban)
7. KTH: Kungl Tekniska Högskolan, Stockholm, Sweden (prof. Henrik Christensen)
8. NTUA: National Technical University of Athens, Greece (prof. Kostas Kyriakopoulos)
9. UMEA: Umea Universitet, Sweden (prof. Roland Johansson)
10. UAB: Universitat Autònoma de Barcelona, Spain (prof. Xavier Navarro)
11. UGDIST: University of Genova, Italy (prof. Giulio Sandini)
12. UNIPR: University of Parma, Italy (prof. Giacomo Rizzolatti)
13. UPMC: Université P. et M. Curie / INSERM U483, Paris, France (prof. Yves Burnod)

International Partners:
Brown University, Providence, RI, USA (Prof. John Donoghue)
Waseda University, Tokyo, Japan (Prof. Atsuo Takanishi)

Future and Emerging 
Technologies

Information Society 
Technologies

The NEUROBOTICS 
IP Project (Duration: 5 years)

The fusion of NEUROscience and RoBOTICS for 
augmenting human capabilities



““ConnectingConnecting” the Man and ” the Man and 
the Robot the Robot 

Man

Brain LimbsNerves

Artificially controlled
limbs

Artificial
Brain LimbsElectric

wires

Robot

Artificial
Brain

Artificial
limbs

Electric
wires

Bionic prostheses

Brain Artificial
limbs

Nerves

Interface



“Brain to Computer Interface  
is one of the 10 Emerging 
Technologies that will change
the world”

Technology Review, January/February, 2001



Sensing technologies that can be used to observe neural activity, divided 
by non-invasive vs. invasive, spatial and temporal  resolution.



Brain Computer Interfaces

MIT Bioinstrum. Lab

Utah Electrode Array,   
Bionic Technologies

IBMT, Germany, Sensors and 
Actuators, 2002

Develop new neural implant
technologies to establish
reliable ,high-capacity ,and 
long-term information
channels between the brain 
and external world.

Bai and Wise, IEEE Trans 
Biomed Eng  2001



CYBERHAND Project: Development of a CYBERnetic HAND prosthesis

InterfacesInterfaces withwith the PNS the PNS 

InvasivityInvasivity

SelectivitySelectivity
Multi-needle

Cuff

Intraneural

Sieve

In order to control many DoFs
and to deliver a sensory feedback
a good selectivity is crucial



From concepts to real NEUROBOTICS platforms

Teleoperated 
catching

Telepresence

NEUROExos

Third arm

Cybernetic
prosthesis

Goalkeeper

EMG-controlled
prosthesis



Schema tipico di un sistema Schema tipico di un sistema 
roboticorobotico

Pianificazione del 
comportamento

Pianificazione del 
comportamento

SensoriSensoriAttuatoriAttuatori

MONDOMONDO

Interfaccia 
utente

Interfaccia 
utente

UTENTEUTENTE

ControlloControllo Acquisizione datiAcquisizione dati

Robot



Componenti fondamentali di un Componenti fondamentali di un 
sistema roboticosistema robotico

Sensori

Attuatori

Pianificazione del 
comportamento

Interfaccia 
utente



Componenti fondamentali di un Componenti fondamentali di un 
sistema roboticosistema robotico

Sensori

Attuatori Pianificazione del 
comportamento

Interfaccia 
utente




