The Virtual Reality Society of Japan

TVRSJ Vol.10 No.3 pp.295-304, 2005
=N
FEAE

V1T TIWVIRBEERD-HD
ARJRY —H EFRIMREA A T ERWNE - BT

HE AT MR Bzt Bk BT

Localization System Using Invisible Visual Markers and IR Camera

for Wearable Augmented Reality

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

augmented reality system using the proposed localization system.
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(a) Standard visual markers.
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(b) Invisible visual markers.
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(¢) 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.
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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.9 Errors in position and orientation with
respect to captured angles (marker
size: 16cm, marker interval: 25¢m).
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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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(a) Captured images when infrared LEDs (b) Captured images when infrared LEDs (c) Results of marker recognition.
are switch-off. are switch-on.
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Fig. 13 Tmages obtained by infrared camera and results of marker recognition.

M 14 7 A THLE - BEIHEEAGR
Fig.14 Estimated camera position and orien-
tation.

B16 o777 VARERAEE Y AT LI L
% FERERR
Fig. 16 Annotation overlay image.

FIMRLEDE
FIRNAS

PHEE %K 16 \2RT. T2, T0L XOFERERE,
AT & FRRIC, KRESOELL2EHOY—D%, A
% 600 T0o%2T, M17T D L) ITEREDRIFRN
18m (ZHEMRICEE L. — /Ao~ —Hid—LnES
% 16cm, WER/Sy — & LTHRETAIHOKES %
lemPWHFEL, b9 —FHE—UDEX 28cm, WI/Y
F—rOEOREEER 2em MG E L7z, WL b

M15 v =797 VERERAERY AT LA PeDOWEIE lem, #BFATHN=4L L, v—h/F—
Fig. 15 Wearable augmented reality system. YOy ha—FIZ1 ¥y hosy 54 ¥y MR
L7, FERIZBWT, X-y SEmAKHEERL, 2z

HE—ZL—E
FARTLA
(ND2000
[MICROVISION})

SIFST LAt a—4
(MP-XP7310 [IVC])

RYRAF LIE, Wil - KBRS AT AbbEoRe S FASIEHIET 5.
L FOFEMOMLIE - S = RO HIERI LD, BERUICALE - ST RE Y =
ST aT ST a s LR LT 777 VAR T 5 T & R LA,
B PO CHETIREIE e AR L A, Ll WESAE - RS R TR0
= & D CHREY LT B 22, BT 2 R
Ky A5 LB LB, 12— F IR S NE LIEETH 2 EDRERR SN, BRI ATLATELILS
- 302 -

NI | -El ectronic Library Service



The Virtual

Real ity Society of Japan

FE-HE-HMK U

T TNHRREBD 2D DRERY —H EFRINED 2 T & AVEAE - BHET

0 60

30 120 210 360 720 1080 1440 1800
60| < B+ BHE oo D oo AT M@m@ﬂe-«» ~~~~~~
1201 ® &-a e G l~<>~«»0 A =R S S T S R S S 1
x[cm]

X 17 KHIH

RE L7 — A OERE-

Fig.17 Layout of markers on the ceiling.
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