Vol. 44 No. 11

Numerical Analysis of Body Movements on Human-Robot Interaction
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This paper reports an importance of cooperative behaviors in human-robot interaction,
which found through precisely measuring of body movements during human-robot interac-
tions. We believe that a humanoid robot is becoming to participate in our daily life. Since
such a humanoid body provides an abundance of non-verbal information, it enables us to
smoothly communicate with a humanoid robot. Toward this effect, we have developed a hu-
manoid robot that autonomously interacts with humans by speaking and making gestures.
This robot is used as a testbed for studying embodied communication. We intend to identify
the essential communicative behaviors. Our strategy is to analyze the human-robot interaction
in terms of numerical body movements. A motion capture system allows us to precisely mea-
sure the body movements. We have performed experiments to compare the body movements
with impressions of the robot; as the result, the experiments have revealed the importance of
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cooperative behaviors.
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01 0O00000O00O Robovie

Fig.1 Robovie: an interactive humanoid robot.
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Fig.2 Example of implemented interactive behaviors.
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Fig.3 Communicative unit and situated module.
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Fig.4 TIllustrated example of situated module transitions.
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Table 1 The adjective-pairs for subjective evaluation, and
the mean and standard deviation as the result.
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Fig.5 Attached markers (left) and obtained 3-D numeri-
cal position data of body movement (right).
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Table 2 Results of body movements.
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06 OoOooooo
Fig.6 A scene of eye contact.

07 00000000

Fig.7 A scene of synchronized body movements.
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Table 3 Correlation between body movements and subjective evaluation.

Eval. Dist. E.C. E.H. M.D. M.D.H. S.M. | Touch
Dist. —0.04 1.00
E.C. 0.57 | —0.47 1.00
E.H. 0.08 —0.39 0.29 1.00
M.D. —0.32 0.20 | —0.43 0.02 1.00
M.D.H. 0.01 —0.04 —-0.21 —0.09 0.49 1.00
S.M. 0.54 —0.05 0.28 —0.05 0.15 0.61 1.00
Touch 0.21 —0.45 0.49 —0.07 | —0.15 0.35 | 0.41 1.00
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Table 4 Standardized partial regression coefficients
obtained by multiple linear regression analysis.
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Fig.8 Illustration of entrainment score (estimation score
of subjective evaluation).
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Table 5  Worst five situated modules based on average
entrainment score.
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Table 7 Subjects’ personalities and their correlation with subjective evaluation

and body movements.

Eval. Dist. E.C.

M.D. M.D.H. E.H. S.M. Touch
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