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Realization of Robot’s Head Using Computer Graphics and Sensors

TOMOYA SUZUKI,t ASAMI TAKAYAMA," YUSUKE SUGIMOTO?
and KIyOTAKA KATOf

Recently, research and technological development about a robot’s head has been made
widely to realize a partner-type robot. Above all things, a robot’s head using computer-
graphics has advantages in cost and maintenance. However, it cannot be denied that reality
is lacking in a robot’s face using CG because a robot’s head in the virtual world does not fit
in the environment of the real world. This paper proposes a robot’s head with CG and several
kinds of sensor that responds to a surrounding environment in order to reduce the discomfort.
There, the face and hair of a robot can be represented realistically in a display according to
the change of a surrounding environment and human approach. The construction of a pro-
totype system and a questionnaire survey verifies the usefulness of the proposed system with
some problems. Consequently, this paper reports that a robot’s head using CG and sensors

can work realistically and it can improve the human feelings such as friendship.

1. O O

ooboooooooooobooobocooooooo
gooooooooooooooooooooooo
goooboooooooboooooooooobobDo
goooboooooooooooooobooooooo
gooobooooooooooooobooooooo
gooobooooooooooboooooooooon
gobodooobooooooooood

obobooooooooboboooooooooo
goooobooodoooooooooboooooooo
0o0ooooooe%uooooooooooooo
000 55%0000000000000Y00000

fooooooooo
Faculty of Engineering, Tokyo University of Science

3188

0000000000000000000 %000
000D000038%000000055%000000
000000000?00000000000000
0000000000000 10000000000
o0®4Y00000000000000000000
000000000000000000000000
000000000000000000000000
00M0O00000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000

000000000000000000000000
0D000000CGOOO00000000Ono
000000000000000000000000



Vol. 46 No. 12

000000000000®0000000 3000

gbooobooooobooooooobooobooonbo

00000000000D0000000000000
030000000000000000000000
000000000000000000000000
00000000000 D0000000000000
0000000000000 D0000000000D
ooo9r8g

00000 CGUO000D0000DooOooon
000000000000000000000000
ooooo® 00000000000000000
000000000000000000000000
0000000000D00000000000000
000000000000000000000000
00000000000 00000YoDnooono
00000 CGDO0O0O00Do0oooooooon
00000000000 D00D00000000000n
000000000000000000000000
0000000000 CGO0000000o0oooon
000000000000000000000000
000000000000000000000000
ooooooog

000CcGoO0O00000N0O0NnoOooonon
000®00000000000000000000
oo0o0oOooYoooo00O0O0ooOooonoo
00000000000 0000000000000
0000000000000 D0000000D0O00D
0000000000000000000000000
0000000000000000000 30000
000000000000000000000000
000 600000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0D00ooOoDooo®@®oooooooooon
0000000000000 0000D0000000
00000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
0000000000000000000000 CG
00000000D0000000000000000
00000000000 000D000D000D0O00n
oooo¥e®gpoooccoooononooo

cGoOOoOoOooooooooo cccOooooono 3189

CG + Sensor
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Fig.1 Reality.
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Fig.2 System configuration.
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Fig.3 Image processing for estimation of light sources.
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Fig.4 Parameteres and lattice points for fluid analysis.
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Fig.5 Robot’s hair model.
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Fig.6 Skin model.
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Fig.7 Generation of a control point.
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Fig.8 Change in the hair model when stroked.
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Fig.9 Changes in the robot’s head when the light is
moved from the left to the right.
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Fig.10 Changes in the robot’s head when the light is
moved from the up to the down.
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Fig.11 Changes in the robot’s head when the light fades
in.
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Fig.12 Changes in the robot’s hair when the wind is
applied forward.
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Fig. 13 Changes in the robot’s hair when the strong wind
is applied from the right.
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Fig.14 Changes in the robot’s hair when the weak wind

is applied from the right.
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015 0000000000000
Fig.15 Changes when the right cheek is touched.
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Fig.16 Changes when the eyelid is pulled down.
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Fig.17 Changes when the robot’s fringe of hair is stroked
from the left to the right.
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Fig. 18 Changes when the robot’s hair is stroked from the

down to the up.
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Table 1 Mean and s.d. of the questionnaire result.
no function light wind contact
adjective mean s.d. mean s.d. mean s.d. mean s.d.
gentle 1.82 0.72 1.88 0.72 1.80 0.73 1.94 0.84
affable 2.10 0.68 2.32 0.82 2.26 0.83 2.32 0.82
friendly 1.84 0.77 2.26 0.92 2.26 0.97 2.42 0.84
comfortable 2.72 1.07 2.74 1.10 2.78 1.13 2.84 1.11
psychologically accceptable 2.82 1.14 2.62 0.78 2.60 0.88 2.88 1.04
recognizable 2.18 1.12 2.84 1.11 3.60 1.01 3.64 1.12
interesting 2.24 1.04 3.00 1.11 3.42 1.05 3.78 0.89
real 2.56 1.15 3.08 1.10 3.06 1.08 2.98 1.10
humanlike 2.44 0.97 2.58 0.86 2.70 0.93 2.48 0.93
aagile 2.00 1.01 2.34 1.08 3.28 0.95 3.16 1.06
02 000
Table 2 Significant.
light wind contact
adjective difference p value difference p value difference p value
gentle 0.06 0.569 —0.02 0.868 0.12 0.335
affable 0.22 0.078 HK 0.16 0.159 0.22 0.040 Hk
friendly 0.42 0.004 | *** 0.42 0.002 | *** 0.58 0.000 | ***
comfortable 0.02 0.916 0.06 0.746 0.12 0.523
psychologically accceptable —0.2 0.268 —0.22 0.195 0.06 0.705
recognizable 0.66 0.004 | *** 1.42 0.000 | *** 1.46 0.000 | ***
interesting 0.76 0.000 | *** 1.18 0.000 | *** 1.54 0.000 | ***
real 0.52 0.004 | *** 0.5 0.006 | *** 0.42 0.024 Hk
humanlike 0.14 0.398 0.26 0.119 0.04 0.792
agile 0.34 0.097 * 1.28 0.000 | *** 1.16 0.000 | ***
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