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Design of the Motion Database from Integration of Motion Symbols and Natural Language
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We have been developing intelligent humanoid robots based on symbolization of motion patterns. The symbolic
framework makes it possible for the robots to recognize observation and generate their behaviors. Moreover, the
integration of the symbols and natural language will realize the cohabitation with human and robots, which can
efficiently and effectively communicate and cooperate through linguistic inference. This paper proposes a novel
approach to design motion database, under which stochastic associative computation between motion symbols and
natural language lies. We implemented this database into small humanoid robots, which can understand observation
as language, and generate motion patterns corresponding to input speech. We can also retrieve necessary motion
data from inputs of key words or sentences by using the motion database. This technology can be applied in various
kinds of fields, robotics, rehabilitation, sports engineering and animation.
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sentence | probability
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O 1: Overview of integration of a motion language model with a natural language model. The motion language model

represents relationship among motion symbols and morpheme words via latent variables as a graph structure, where nodes

on 1st, 2nd and 3rd layer indicate the motion symbols, the morpheme words and the latent variables respectively. The natural

language model represents the dynamics of language which means the order of words in sentences. The motion language

model and the natural language model are equivalent to semantics and syntax. By integrating two functions, linguistic

processing for robots can be realized.
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O 2: Database consists of 537 motion data, each of which
is given description labels. The database can be used for
retreival of motion data from words.
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0 1: Experimental results. This table shows sentences which motion patterns are interpreted as.

motion pattern | sentences | log P(wy, -+, wn, |A°) | log P(w|wi, -, wn.) | log P( w|\°) |
a player runs -7.53 -12.74 -20.28
a hitter runs -7.53 -14.60 -22.14
run a runner runs -7.53 -14.87 -22.40
a player a player -8.63 -13.81 -22.44
a player a hitter -8.63 -15.67 -24.40
a player shakes a hand -7.47 -15.41 -22.88
a hitter shakes a hand -7.69 -17.26 -24.96
shake a hand a runner shakes a hand -7.47 -17.53 -25.00
a player a hitter -9.35 -15.67 -25.02
a hitter a player -9.35 -15.67 -25.02
a player throws -8.03 -13.49 -21.52
a pitcher throws -7.34 -14.49 -21.83
throw throw a pitcher -8.44 -13.63 -22.07
a ball throws -8.03 -15.03 -23.07
throw a ball -9.13 -14.17 -23.30
a player opens his arms -13.17 -21.56 -34.74
his arms open a player -13.17 -21.56 -34.74
open arms a pitcher opens his arm -13.17 -21.64 -34.82
his arm, a pitcher opens -13.17 -21.64 -34.84
a player a player his arm -14.97 -21.24 -36.21
goog

A student walks.

A wife cleans up

O 3: Our proposed system associate motion symbols from
utterance. The utterance is converted to a sentence through
the speech recognition software of Julius. The sentence is
converted to 4 motion symbols, which are the most likely
to be generated from the sentence. The small robots per-
form motion patterns corresponding to the generated mo-
tion syhmbols respectively.

goooooooooooooboooooooooOooao
gooooooodooooooooooooooooboooo
goooooooooooooooooobooooooooon
ooboooooooobooboooooo
oooboooooooboooooooooOooooooon
goboodooooobobodobooooomooooooooon
ooooooooobocooooooobooocbobooooooo
gobooomooooooooooobooooooon

[[namura 04] Inamura, T., Toshima, I., Tanie, H., and
Nakamura, Y.: Embodied symbol emergence based on
mimesis theory, International Journal of Robotics Re-
search, Vol. 23, No. 4, pp. 363-377 (2004)

[Nakamura 11] Nakamura, T., Nagai, T., and Iwahashi, N.:
Bag of multimodal LDA Models for Concept Formation,
in Proceedings of the IEEE International Conference on
Robotics and Automation, pp. 6233-6238 (2011)

[Sugita 05] Sugita, Y. and Tani, J.:
combinatoriality from the interaction between linguistic

Learning semantic

and behavioral processes, Adaptive Behavior, pp. 33-52
(2005)

[Sugiura 10] Sugiura, K., Iwahashi, N., Kashioka, H., and
Nakamura, S.: Active Learning of Confidence Measure
Function in Robot Language Acquisition Framework, in
Proceedings of the 2010 IEEE/RSJ International Confer-
ence on Intelligent Robots and Systems, pp. 1774-1779
(2010)

[Takano 06] Takano, W., Yamane, K., Sugihara, T., Ya-
mamoto, K., and Nakamura, Y.: Primitive Communica-
tion based on Motion Recognition and Generation with
Hierarchical Mimesis Model, in Proceedings of the IEEE
International Conference on Robotics and Automation,
pp. 3602-2609 (2006)



