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{ Summary ) Augmented reality is a technology which enhances a real environment with virtual
objects such as annotations and computer graphics objects. Using a wearable computer, outdoor
augmented reality can be realized. Therefore, in sight spots, the system can be used as a sightseeing
guidance system that superimposes annotations on a real object such as a building. This paper
proposes an outdoor wearable augmented reality system using a hand-held GPS. The proposed
system measures user’s position and orientation using the hand-held GPS and a fiber optic gyro,
respectively, in order to align real and virtual coordinate systems. Our system overlays only anno-
tation information to the buildings when a user is moving, while the system corrects the error of
the inertial sensor by using an image-based technique and overlays the CG objects that requires the
high accuracy of registration when a user is resting. The system has been successfully experimented
in outdoor environments.

Key words: wearable computer, augmented reality, hand-held GPS, inertial sensor
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Fig. 1 Hardware configuration of the proposed system.

gboooobobooooboooobooooooon
2.000000000000b0000004d

oboboooooooobooooboobobooooog
OoOO0o0o0oooOoooooooboOobobOon0 ARODOO
goboboodoboooobbo2100000000on
ooooogoz2200 GgpSODODOOO0ODOOOODO
ooooooooooooooooobooooooonon
oooboooooboooo23cb0oooooooon
ooooboobooobob240000000000A0
uboooobooooboobooobooboo

21 0ObOO0OO0o0oOoooobo

gboooboooooooooboboboooooonog
OO00O0D0 ARODOOOOOOODOO 10000GPS
gboooobooobooboobobobooooboogog
booooobooboooooobbooooooooo
obooooobooobooooobooobooooon
oboooboooboooooooboboobooooog
ooboobooooboooobooboooooboooon
goooooooooon

gbbooboooooboooooboooon

000 Point Grey Research 0 0 Dragonfly
00000 : 30[Hz

000 : 640 x 480[pixels]

oo : 60°
OO00ooooooooooooooooooooo
00000000o0o0oooO 12vVjoooooo
oo0oooooogoon

GPS GARMIN OO eTrex

00000 : 1[Hy
o0dooooooooooooooooooooo
000 1.5V]000D0000ooooo

oooon0 TOKIMEC OO TISS-5-40

obooOo -o0o0o0b0ooooo

00000 : 250[Hz]

00000 : £0.5[)

00000 : 458[°/s]

0000000 : +3.00°/h]

00 : 550[g]
oooobobooooooooboooooooo
boooboboooobooooobooooooo

OO0 DELLOO OO0 PC Inspiron 8100
CPUDOOO : 1.2]GHz]

00000 : 512[MB]

00 : 3.6[kg]
goooGepSODO0O0OoOoOoODOOODODOODOODO
oooodoooooopooooooooooooo
000oooooooooooooooOooooon
ooopoooooDoooooooooo

000000 MicroOptical OO Clip-On Display
00 : 0 10[]
(00DU0DO0O0D0O0O0O0O00O0O0O0OoOOooOn)
000 : 640 x 480[pixels]
O0o00ooooooooooooooooooon
goopooOpo000ooooooooooooDoogo
00000000000 0o0o0ooo 72vViO0OO
ooooooooooooo



2 4 85 8 10 12 14 16 18 20 2 24 2 28 30

Bl [min] T RE

02 GPSO0OO0OO
Fig. 2 Error of GPS data.
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Table 1 Rate of correct answers of stillness judging.

00 [km/h] | 000 |000 | OO0 | 000 [%]
0.01 835 768 | 1603 52.09

0.05 | 1528 75 | 1603 95.32

0.1 | 1537 62 | 1603 95.88

0.2 | 1551 52 | 1603 96.76

0.3 | 1549 54 | 1603 96.63

04 | 1528 75 | 1603 95.32

05| 1308 295 | 1603 81.60

06| 1164 439 | 1603 72.61
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Fig. 3 Relationship between a real scene and an image

plane.
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Fig. 4 Occlusion problem.
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Fig. 5 Resolving occlusions by Z-buffer.
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Fig. 7 Annotation overlay to a building.
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Fig. 8 A marker used in the experiment.
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Fig. 9 Effect of adjusting measured user’s orientation .
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Fig. 11 Annotation overlay image with occlusion conflict.
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Fig. 12 Annotation overlay images with correct occlusion.
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Fig. 13 Relationship among buildings.
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Fig. 14 Annotation overlay images in an outdoor experiment.
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Fig. 15 Results of overlaying CG objects.
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