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Natural language is the symbol that represents the world. We have developed the symbolization of human and
robot motions by Hidden Markov Models (HMMs), while researches in computational linguistics have demonstrated
the statistic methods of natural language processing. In this paper, we present an association model that connects

symbolized motions and natural language with Conditional Random Fields (CRFs).
interpret a motion in a proper context by referring the sequence of motion symbols.

CRFs enable this model to
In addition, we propose

its application to the decision of an action based on the Theory of Mind (ToM). A robot has self and other ' s

models, and the recursive computation of an interaction helps it select the best motion to take.

We integrate

the association model and a model representing relationship between sentences to realize that computation. This
research contributes to the construction of the human-robot interaction.
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O 1: Motion-language associative model
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[Stepl] Motion symbol

Possible segments
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O 3: Motion symbol selection
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Result (A): Sentence generation
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Result (B): Motion selection
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fold arms raise a hand squat

Selected
motion
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0 4: Experimental results
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| Recursive level 0 | | Recursive level 1 |

-- Initial motion -

® %%%5

-- Initial motion ., ——® Predicted interaction

© A3% gk

ll ll H

"A does sth." "A does sth." "A does sth."

[ [

"B does sth." "B does sth." "B does sth."
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(iii) Motion
generation

O 5: Theory of Mind
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Decision at lower levels Decision at higher levels

A's initial motion su
Level 0

B's decision

A's reaction SU t sh su d cl 0 b sh

/N Level 2

B's reaction b r cl

Level 3

A's reaction Clap-hug loop (n)/b sh

O 7: Experimental result of the theory of mind: su = stand
up, b = bow, r = raise a hand, cl = clap, t = touch, sh
= shake hands, d = dash, h = hug. The motion bow is
selected at level 0 and 1. As the recursive level increases,
the selection converges to clap because there is a clap-hug
loop which attracts the interaction.
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