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Abstract

The role of technology for the study of brain functions 
has always been fundamental in providing new tools for 
the acquisition/analysis of biological data. However the 
increasingly complex picture of brain functions emerging 
from neuroscience research is now posing a new chal-
lenge: how to extend our knowledge beyond the scope of 
specific experiments and methodologies? Is it possible to 
find new tools enabling neuroscientists to verify new theo-
ries and to guide new experiments beyond the, now 
established, methods of mathematical modeling and sys-
tems theory? The reasons why we believe that this has to 
be pursued are, essentially, two: the first stems from the 
very high complexity and punctuated nature of our current 
knowledge of brain functions; the second is because the 
physical world (in a general sense) is far too complicate 
to be “simulated” realistically preventing an adequate 
pure mathematical testing of new theories and ideas.  

Although simulating and getting inspiration from bio-
logical behaviors is certainly not a new endeavor in 
robotics [1, 4] and computer vision [2] to name a few, we 
have taken a novel direction which fully acknowledges the 
importance of embodiment and the interaction with the 
environment for the emergence of motor skills, perception, 
sensorimotor coordination, and cognition in its widest 
possible meaning [3]. In particular, the guiding philoso-
phy – and main motivation – is that cognition cannot be 
hand-coded but it has to be the result of a developmental 
process through which the system becomes progressively 
more skilled and acquires the ability to understand events, 
contexts, and actions, initially dealing with immediate 
situations and increasingly acquiring predictive capabili-
ties. As an example of this approach, we report about our 
investigation on action understanding in the brain [5,6,7]. 
We are taking here a three-pronged approach relying on 
recent results of neurophysiology, on modeling of human 
movement, and on the implementation of the model on a 
robotic setup interacting in a natural environment. 

In the context of human cognition, implementing “arti-
ficial systems” as explicit physical models of biological 
ones requires the realization of humanoid robot systems. 
In particular, we thus focus on the use of humanoids as 
tools to understand human cognition and, more specifi-
cally, how adaptation develops through interaction with 
the external environment. Our reference framework is 
human sensorimotor and cognitive development and we 
approach the problems by trying to actually implement 
motor and cognitive abilities in the humanoid robot. Is it 
possible to “program” a system to “have cognition” as 
we program a robot to assemble a car? Is cognition simi-
lar to motor control and sensorimotor coordination? Do 
we know enough about our own cognitive abilities to 
transfer them into an artificial being? How do we interact 

safely and “intelligently” with other humans (and ma-
chines)? How do we predict the effects of our actions? 
How do we adapt our behavior to unpredictable situa-
tions? How do we anticipate what other humans are 
doing? Can all (or even some) of these abilities be hard 
coded into a humanoid robot? These are some of the ques-
tions we would like to find an answer for. Looking at 
natural systems it seems that it is not possible to pre-code 
cognitive and adaptive behaviors (we believe that adap-
tive behaviors cannot be pre-programmed). 

In this talk we will claim that if future robots have to 
have cognitive abilities, they will have to go through a 
developmental progression similar to that observed in 
human babies. We will do that from a multidisciplinary 
perspective by presenting findings derived from studies of 
human motor and cognitive development as well as a ro-
botic implementation of the first few months of 
“existence” of a robot-cub (Babybot). In doing so we will 
stress the consequences that this multidisciplinary ap-
proach has in discovering new technologies and the 
relevance that robotics research will continue to have as a 
research tool to understand human cognition. 

References 

[1] Atkeson, C. G., Hale, J. G., Pollick, F., Riley, M., Kotosaka, 

S., Schaal, S., et al. (2000).Using Humanoid Robots to Study 

Human Behavior. IEEE Intelligent Systems, 46-56.  

[2] Bulthoff, H. H., Lee, S. W., Poggio, T., & Wallraven, C. 

(Eds.). (2002). Biologically Motivated Computer Vision - Sec-

ond International Workshop (Softcover ed. Vol. 2525). 

Tubingen, Germany: Springer-Verlag 

[3] Lungarella, M., Metta, G., Pfeifer, R., & Sandini, G. (2003). 

Developmental Robotics: A Survey. Connection Science. Con-

nection Science, 15(4), 151-190. 

[4] Metta, G., G. Sandini, and J. Konczak, A Developmental Ap-

proach to Visually-Guided Reaching in Artificial Systems.

Neural Networks, 1999. 12(10): p. 1413-1427 

[5] Metta, G., & Fitzpatrick, P. (2003). Early Integration of Vi-

sion and Manipulation. Adaptive Behavior, 11(2), 109-128. 

[6] Natale, L., S. Rao, and G. Sandini. Learning To Act On Ob-

jetcs. in 2nd Workshop on Biologically Motivated Computer 

Vision. 2002. Tuebingen, Germany 

[7] Sandini, G., G. Metta, and J. Konczak. Human Sensori-motor 

Development and Artificial Systems. in International Sympo-

sium on Artificial Intelligence, Robotics and Intellectual 

Human Activity Support(AIR&IHAS '97). 1997. RIKEN - Ja-

pan.

Acknowledgments: Research described here has been supported 

by grants from the UE: MIRROR, ADAPT, ROBOTCUB 

  MVA2005  IAPR  Conference on Machine VIsion Applications, May 16-18, 2005 Tsukuba Science City, Japan

7-1

226




