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A Game Environment Using Small Robots with Mixed Reality

MAKI SUGIMOTO,t MINORU KOJIMA,t AKIHIRO NAKAMURA, 1
MASAHIRO ToMITA,* HIDEAKI NiItt and MASAHIKO INAMIY

This paper proposes a novel game environment with Mixed Reality technologies. The en-
vironment enables an interaction between Computer Graphics objects and real robots. The
Computer Graphics objects enhance the robots with visual augmentation. Furthermore, the
robots can show several virtual events such as a collision by their reactions in the real envi-
ronment. A seamless fusion of the robot and the Mixed Reality environment can be achieved

with the reactions of the robots.
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Fig.1 Snapshot of the mixed reality environment with

small robots.
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Fig.5 System configuration.
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Fig.6 Sequence of synchronization.
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Fig.7 Fiducial graphics.
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Fig.8 Model of a penalty method.
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Fig.9 Textures.

000000000000000000000000
000000000000000000000000
000000000000000000000000
CGOO000000000000000000000
000000000000000000000000
0ooo

43 000000
00000000000000000000000
000000000000000000000000
ooooooo
00000000000000000000000
0000O00DirectX 0000000000000
000000000000000000000000
00000 CGOOO000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooo
00000000000000000000000
00000000000000000000000 1
000000000000000000000000
0000000000000000000
0900000000000000000000
000000000 9()0000009(b)0000
000 9()000000000000000000
000000000000000000000000
00000000000

44 00OO00O0O0O
010000000000000000000000
000000000000000000000000
000000000000000000000000
00000000011 0000000000000
000000000000000000000000
000000000000000000000000
000000200000000000000000

Nov. 2007

010 OD00OO0OU0OOoOoooobooboood
Fig.10 Robots used in this experimental system.
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Fig.11 Block diagram.
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Fig.12 Lateral collision.

000000000000000000000000
0000000000 FODOOODOOODOOODO
00000 N=(N., N;) DODODOOOO FOO
0000000000000 00O (500 (6)0
0000000000 (5)00 (6)0000000O
000D00000000000000000 200
000000000000000000000000
0000 120000000000000000
Np || F || x(cos@ + sin6) (5)
Ng || F || x(cosf — sin ) (6)

00000000000 D00D0D00000000
00000000000% 000000000000
000000000000000000000000
000000000000 00D000D0000

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000 (5)00 (6)00000000000gn
000000000000000D00D0000000
000000000000 000000000000
0000000000000 000D00000000
0000000®0000000000000000
000000D00D0000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000

5. O O

ooooooooooooooooooo eGgo
gooobobooooooooobooocoooooooo
goooboboooooobooocbooooooooo
OcGUOOOoUoooooooooooooooo

oooobooooooooooocooooooon
gooobooooooooooobooooooooo
goooobooooooooooooooooooon
ooooOoooooobooobooboboooobooooon
gooooooooooooooobooooooobo
goooboooobooooooobooooooo

gooooOoooOo0oooooooobooboOoooo 3495

000000000000000000000000
000000000000000000000000
00000000 CGOOO000000000000
000000000000000000000000
oooooo

5. 0000

0000000000 CGOO0000000000
000 100 [mm] 000 175 [mm] 00000000
00000000000000000 X000000
00 CGOOOO0O0D0D00000D000000 CG
000000000000000000000000
000000 0°045°090° 000 30000000
00CGOOO00000 XO00O0000000000
000000000000000000000000
0000 CGOOO000000000CGOO0000
0000000000000000090° 00000
000130000

52 0000

000000 1400 1500 16 00000000
0000 CGOODOO000D0D XO0YDOOoOooo
000000000 CGOOD0O00000000000
000000000000000000000000
000000000000000000000000
0000000000CGOO00000000000
00 CGOOD0000D00000000000000
0000000000 0mm]00000000000
000000000000000000000000
0000D0000000D0000000000000
000000000000000000000000
000000000000000000000([mm]0
000000CGOOOO0D000D000000000
0000000000000000000000000
CGOO0000000000000XO000000
00000000000000000000000CG
000000000000000000000000
000000000000000000000 0[mm
00000000000000000

5.3 0O u|

0140000 CGOO0O0D00000000O0O0
000000000 0° 00000000000 CG
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0XO0O0OO00OO00OO000000000000000
000000000000CGOO000000000
0000000000000000000000



3496 ooooooooo

Nov. 2007

013 OO00oO0ooooooo
Fig. 13 Sequence image of a collision.
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017 CcGOOOOOoOooooooono
Fig. 17 Visual augmentation by the CG objects.
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Fig. 18 Interaction between the robots via the CG objects.
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Fig.19 Direct interaction between the robots.
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Fig.20 Interaction between this environmnet and the users.
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