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Localization System Using Invisible Visual Markers and IR Camera
for Wearable Augmented Reality

1

Yusuke Nakazato™ , Masayuki Kanbara™' and Naokazu Yokoya'!

Abstract — To realize an augmented reality (AR) system using a wearable computer,
the exact position and orientation of a user are required. We propose a localization
method which is based on using an IR camera and invisible visual markers consisting
of translucent retro-reflectors. In the method, to stably extract the regions of markers
from the captured images, the camera captures the reflection of IR LEDs that are flashed
on and off continuously. In experiments, we first describe the quantitative evaluation in
computer simulation to decide the alignment of markers in real environments. We then
carry out the localization experiments in real environments in which markers are installed
based on the marker alignment decided by simulations. Finally, we develop a wearable
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augmented reality system using the proposed localization system.
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infrared camera, wearable computer
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(a) Standard visual markers.

(b) 000000

(b) Invisible visual markers.
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(c) Invisible visual markers with a flash.
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Fig.1 Markers as positioning infrastructures.
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Fig.2 Instances of markers (N = 4) (the
black part illustrates a retro-reflector).
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Fig.3 Overview of localization system.

4 ¥
| FROMBLEDMEAT |
N ¥
ama B |
\_ |
4 v
% ﬁ&*ﬁiED,ﬁ'kT |
AN B |
\_
)
(3 ESDERIG
¥
< —h#EHl &
8 [ - KB
v

04 OOOOO
Fig.4 Flow diagram of capturing markers.
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Fig.5 Examples of images used in simulation.
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Fig.7 Ratio of marker-recognized frames
with respect to marker arrangements.
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Fig.8 Absolute errors in estimated position and orientation with respect to
marker size and interval in simulation.
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(a) Errors in position of camera in simulation environment.
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Fig. 12 Error of position and orientation of the camera in the simulation and

real environments.
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(c) Results of marker recognition.
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Fig.13 Images obtained by infrared camera and results of marker recognition.
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Fig. 14 Estimated camera position and orien-
tation.
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Fig.17 Layout of markers on the ceiling.

gooobdoobobooobobobdosmbgonog
o0 s0°0640 x 480000 0000O00DO0ODOODOO
gbbooobooobooooboooooooooooo
o4000000000D000000000O00000
gbobdoboobooboboobobooboooaon
gobgoboobooboobooboobo

4 000

goboooooooobooobooboobooon
gboobooooooooboooobOoobOooobooo
oobooooobooobboboooboooboobobooo
ooboooooobooobbooobooooooo
goboboooooooooobobooobboooooon
obobooooooboooboooobooooooo
oboboooboooobooobooboooooboooo
odoobooooooooooobbooboooooo
gboboobooobooobobooooboboooobooo
gboooobooboobobooocooooboobann
obobooobooobooooobooobooboobooooboo
gooooooooooooboobboobooooo
gboooooooooooboooboooobobooo
gboboobooobooobooooooboooo
oboboooboooooobbooooboooooooo
gooooooooooboooDood 90emdnoong
gbobooooboooboooboooobooooooboo
gbooobooboobooooboooboooboo
oboboooboooobooooboooboooooo
goboooboooooooboooboooooooo
gbooboboobooobobobooooobooban
gboboobooobooooboboooboooooo
oboboooboooooobooooboooooo
goooog

oobooooooooooboooobooobooboooon
gbooooboooobobooobooboooogao
gboooooooooooooboobobOoooboo
gboobooooooboo

go

000000o0o0oooooooo JsTyooooo
O00O00oOdo (CREST)OOQOOOOOooOooono
obooooooobooooooboobo

oood

[1] Y. Kameda, T. Takemasa and Y. Ohta: “Out-
door see-through vision utilizing surveillance cam-
eras,” Proc. 3rd IEEE/ACM Int. Symp. on Mixed
and Augmented Reality (ISMAR 04), pp. 151-160,
2004.

[2] J. Newman, M.  Wagner, M. Bauer,
A. MacWilliams, T. Pintaric, D. Beyer, D. Pustka,
F. Strasser, D. Schmalstieg and G. Klinker: “Ubig-
uitous tracking for augmented reality,” Proc. 3rd
IEEE/ACM Int. Symp. on Mixed and Augmented
Reality (ISMAR 04), pp. 192-201, 2004.

[3] DOOOO,0000,0000: “000000O0OO
000o0ooooooooooooooooor, o0
oooog, Vol. 32, No. 6, pp. 832-840, 2003.

[4] P. Daehne and J. Karigiannis: “ARCHEOGU-
IDE: System architecture of a mobile outdoor
augmented reality system,” Proc. 1st IEEE/ACM
Int. Symp. on Mixed and Augmented Reality (IS-
MAR2002), pp. 263-264, 2002.

[5] M. Kourogi and T. Kurata: “Personal positioning
based on walking locomotion analysis with self-
contained sensors and wearable camera,” Proc.
2nd IEEE/ACM Int. Symp. on Mixed and Aug-
mented Reality (ISMAR 03), pp. 103-112, 2003.

[6] L. Vacchetti, V. Lepetit and P. Fua: “Combining
edge and texture information for real-time accu-
rate 3D camera tracking,” Proc. 3rd IEEE/ACM
Int. Symp. on Mixed and Augmented Reality (IS-
MAR 04), pp. 48-57, 2004.

[7] O0OO0O0O,0000,0000: “0C00000OO0O0O0O
godooboboooobboooooboooooboa
gooooooor, 0000000 ogooooo,
PRMU2004-157, pp. 19-24, 2005.

[8] R. Tenmoku, M. Kanbara and N. Yokoya: “A
wearable augmented reality system using posi-
tioning infrastructures and a pedometer,” Proc.
7th IEEE Int. Symp. on Wearable Computers
(ISWC’03), pp. 110-117, 2003.

[9] D. Hallaway, T. Hoéllerer and S. Feiner: “Coarse,
inexpensive, infrared tracking for wearable com-
puting,” Proc. 7th IEEE Int. Symp. on Wearable
Computers (ISWC’03), pp. 69-78, 2003.

[10] M. Maeda, T. Ogawa, K. Kiyokawa and H. Take-



(11]

[12]

(13]

[14]

(15]

[16]

(17]

gooooooooooooooo0Od Veol10, No.3,2005

mura: “Tracking of user position and orientation
by stereo measurement of infrared markers and ori-
entation sensing,” Proc. 8th IEEE Int. Symp. on
Wearable Computers (ISWC’04), pp. 77-84, 2004.
B. Thomas, B. Close, J. Donoghue, J. Squires,
P. D. Bondi, M. Morris and W. Piekarski: “AR-
Quake: An outdoor/indoor augmented reality first
person application,” Proc. 4th IEEE Int. Symp. on
Wearable Computers (ISWC2000), pp. 139-146,
2000.

M. Kalkusch, T. Lidy, M. Lnapp, G. Reitmayr,
H. Kaufmann and D. Schmalstieg: “Structured
visual markers for indoor pathfinding,” Proc. 1st
IEEE Int. Augmented Reality Toolkit Workshop
(ART’02), 2002.

L. Naimark and E. Foxlin: “Circular data matrix
fiducial system and robust image processing for
a wearable vision-inertial self-tracker,” Proc. 1st
IEEE/ACM Int. Symp. on Mixed and Augmented
Reality (ISMAR2002), pp. 27-36, 2002.

P. Malbezin, W. Piekarski and B. H. Thomas:
“Measuring ARToolKit accuracy in long distance
tracking experiments,” Proc. 1st IEEE Int. Aug-
mented Reality Toolkit Workshop (ART’02), 2002.
D. F. Abawi, J. Bienwald and R. Dorner: “Ac-
curacy in optical tracking with fiducial markers:
An accuracy function for artoolkit,” Proc. 3rd
IEEE/ACM Int. Symp. on Mixed and Augmented
Reality (ISMAR 04), pp. 260-261, 2004.
oooo,0p000,000,0000: “00000
000000000000000000ooooon
o0, 000o00ooo0o ogooog, ITS2003-76,
2004.

H. Kato and H. Billinghurst: “Marker tracking and
hmd calibration for a video-based augmented re-
ality conferencing system,” Proc. 2nd IEEE/ACM
Int. Workshop on Augmented Reality (IWAR’99),
pp- 85-94, 1999.

020050 40 15000)

oboooobo

o0 00 oooooo

2000 00000000o0oooogog
goboooooobooooooooo
gobooooooobooooooooDo
gobooooooooooooooon
o000 (oo)ooooooouooo
OO0DO0OO0IEEEQOOD

oo 00 ooooo

02000000000000000
gobooooooooooooooobo
gooooobobobooooooooogn
0000000 oooOoooooo (o
0)01999 00000000000 oo
goboooooooboooooooon
OOIEEEDOOO

g 0d ooooo

1979000000000000000
gobooooooooboooooobooo
gooooooobooooooooooo
ooboooooooooooobooobooo
ooooo1eseo19870ooononO O
oooooooooooooor920o0
gooooooooooo ooooon
gbobooooooooooooooon
go1o0oooooooooogooon
gboboooooooboooooooo
ooobooooooooooooaon
OO0OO0OIEEEOODOO



