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Numerical analysis of humans' body movement on human-robot interaction
Takayuki Kanda ', Hiroshi Ishiguro ', Michita Imai ', and Tetsuo Ono '*

" ATR Intelligent Robotics and Communication Laboratories, > Osaka University, >
Keio University, and * Future University-Hakodate

Abstract: Toward an ideal human-robot communication, we developed an interactive humanoid robot that
complexly behaves and autonomously interacts with humans by speaking and taking gesture. This is a testbed for
embodied communication. Our approach is to precisely measure the interaction represented as body movements
between the robot and humans to identify the essential embodiment and behavior. We performed an experiment
about the interaction. The body movements is measured by a motion capture system, and then compared with
subjective evaluation about the robot and personality of the subjects. As the result, it reveals the important role of
the cooperative body movements.
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Figure 1: “Robovie”
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Figure 2: Interactive behaviors
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Figure 3: Situated module



LET'S_PLAY- TURN

GREET

| There is 2 human near the robot |

| A human touches the shoulder |

| There is 2 human near the robot |

Ask the human gimeoug Caterrupt> Turn to the
ouche human

UCCES

| [ (G
the human [ :E@ >

to play together
SHAKE HANDS BYE

YAWN

| There is a human near the robot | |

Shake hands <No reaction’ @ > Say good-bye
with the human|

| I |
Succes Pose "yawn" | | <NO reaction @>

Sorhe reacfion

Figure 4: Example of situated module transition
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Figure 5: Attached markers (left) and obtained 3-D

numerical position data of body movement (right)
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Adjective-pairs Mean Std. Dev.
Good Bad 4.88 0.95
Kind Cruel 4.85 1.29
Pretty Ugly 5.08 0.93
Exciting Dull 4.46 1.61
Likable Unlikable 4.77 1.03
Evaluation score 4.81 0.92

Table 1: The adjective-pairs used for subjective evaluation,

and the mean and standard deviation as the result

Mean  |Std. Dev.
Distance (m) 0.547 0.103
Eye contact (s) 328 61.8
Eye height (m) 1.55 0.124
Distance moved (m) 35.2 17.0
Distance moved by hands (m) 108 29.5
Synchronized movements (s) 7.95 6.58
Touch (num. of times) 54.9 20.8

Table 2: Results for body movement
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Evaluation [Dist. [E.C. |E.H. |[D.M. |DM.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
D.M. -0.32 020 | -043 | 0.02 | 1.00
D.M.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 021 | -0.45 | 0.49 | -0.07 | -0.15 | 0.35 | 0.41 | 1.00

Table 3: Correlation between body movements and subjective evaluation

(E.C.: eye contact, E.H.: eye height, D. M.: distance moved, D.M.H.: distance moved by hands, S.M.: synchronized movements)
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Coefficient| Value
Distance O i 0.173
Eye contact o, 0.476
Eye height (o7 0.019
Distance moved Ay, -0.228
Distance moved by hands | &, -0.029
Synchronized movements o, 0.535
Touch Oypuch -0.186

Table 4: Standardized partial regression coefficients
obtained by multiple linear regression analysis
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Figure 6: Illustration of entrainment score

(upper: subject who treated the robot as if it were a humans child,
lower: subject who was embarrassed by interacting with it)
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