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Studies of symbols from “robot science ”

Jun Tani*

The current paper reviews neuro-robotics studies by the author’ s group by which possible neuro-phenomenological
accounts are explored for “symbolic” processes assumed in various aspects in human cognition. The reviews on
the series of studies elucidate that many of “symbolic” computation scheme can be alternated by neuro-dynamic
systems approach utilizing self-organization. It is concluded that “symbols” can be obtained just as an immanent
property in the consequences of self-organization when natural interactions between the top-down intention and the
bottom-up sensory-motor processes are allowed in embodied neuronal systems.
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Fig.1 (a) The scheme for symbol grounding proposed by Har-
nad. (b) Dynamical systems approach proposed by the
authors.
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Fig.2 (a)Prediction learning in navigation.(b) RNN architec-
ture employed where sensation at next branch (s¢41)in
terms of current branching action (a¢) is predicted.
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Fig.3 (a) shows attractor in the phase plot made by two rep-
resentative context units activations where each segment
corresponds to branching in the trajectory. (b) shows an
enlargement of a segment where a Cantor set is observed.
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Fig.4 Hierarchical mixture of RNN experts with gating. The
right hand side shows each of modular RNN experts in
the higher and lower levels.
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Fig.5 (a)The robot workspace consisting of two rooms and the

door between the rooms opens only at limited occasions.
(b) An example of sensory inputs while robot maneuvers
in the workspace.
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Fig.6 (a) Gate opening in the lower level and one of sensory
input is shown. (b) Gate opening and prediction error
in the higher level is shown.
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Fig.9 Three task sequences generated by the robot where (a) represents Taskl of
switching behavior primitives from moving up and down object (UD) to mov-
ing left and right (LR), (b) represents Task2 of switching from moving forward
and backward object (FB) to touching object by left and right hands alterna-
tively (TchLR) and (c) represents Task3 of switching from grasping object by
both hands (GB) to rotating object in air (RO). The first plot shows teaching
sequence patterns by two representative joint angles (Propl, Prop2) and visual
inputs of representing object center position (Visionl, Vision2), the second plot
does for those patterns regenerated by the robot, the third plot does for slow
context unit activity after principal component analysis and the fourth plot does
for fast context unit activity in the same manner.
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