Imitation faculty based on a simple visuo-motor mapping
towards interaction rule learning with a human partner
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Imitation has been regarded as one of the key technologies Tsomap of a pariners

indispensable for communication since mirror neuron [1] made visual image
a big sensation not only in physiology but also in other m N B
disciplines such as cognitive science, and even robotics as Vision Indge|  Hhy Il
well. Unlike a simple copy of human motion trajectories, Fuman % O\\O,;%.
imitation may include more important role of human motion e_—
recognition. That is, observing other’s behavior may recall the ! @
self motion through the mirror system, and this might be con- o =7
sidered as the key component of recognition, communication o . 2 e
and even language acquisition [2]. It is an interesting question; ! Joint Apgfes| &% ucp
in what point imitation faculty is effective for communication Humanoid - Motion primitives
learning? if a robot can imitate normal motions of a human i;fsﬂj:“e””ry map
partner, is it easy to read mind of the partner for the robot?

This paper is the first step to those questions.
In this paper, we aim at building a human-robot communi-

cation system and propose an observation-to-motion mapping . . ] ) ) )
system as the first step towards the final goal, learning nat 4l artificial interaction rule. The interaction rule by which a

communication. This system enables a humanoid platform ffman plays interactions changes at the 20th, 40th and 70th
imitate the observed human motion, that is, a mapping fropfePS- [N €ach step of them, new motions are added and the

observed human motion data to its own motor commands. Teraction rule is changed.

realize this capability, we suppose a human partner who kindly The figure below shows the temporal transition of the

imitates the robot motion, and the system associates both d@oability of motion selection when the robot observes the
of the robot somatosensory information (the set of joint angléZ)°tion A. The graph shows that firstly the motion B is selected
and observed human motions imitated from the robot motiorfilfing the first 55 steps, then the motion D until the 85th step,
each of which is self-organized onto two dimensional maj8!d finally the probability for the motion C goes up highest.
using the isometric feature mapping (ISOMAP) algorithrﬁh's correqund; to the interaction rule in each stage3 although
[3] for data reduction, respectively, beforehand. A neurdi takesc cl:oertaln time to adapt to the updated interaction rule.

network is utilized for this association based on which the .
humanoid can imitate human motions. This system is applied

to interaction rule learning with a human partner who knows

the rule and reacts to the humanoid action according to them.
On the other hand, the humanoid does not know the rule at
the beginning but gradually learns the rule by using its own
reaction rule: to just imitate the observed human action if
the corresponding reaction rule has not been learned, else to REFERENCES

show a reaction to the human action according to the learnegl} . Rizzolatti and L. Craighero, The Mirror-Neuron SysterAnnu.
rules. Through these processes, the robot adaptively learns and Rev. Neuros¢i27, pp. 169-192, 2004.

updates the interaction rules with a human partner. [2] G. Rizzo_latti and M. Arbib, Language within our grasfrends in
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