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A User Localization and Marker Initialization System Using Invisible Markers

Yusuke Nakazato™ 2 | Masayuki Kanbara™' and Naokazu Yokoya !

Abstract — A wearable augmented reality (AR) system has received a great deal of
attention as a new method for displaying location-based information in the real world.
In wearable AR, it is required to precisely measure position and orientation of a user for
merging the real and virtual worlds. This paper proposes a user localization system for
wearable AR in indoor environments. To realize a localization system, it is necessary to
easily construct environments for localization without producing undesirable visual ef-
fects. In the proposed system, wallpapers containing printed invisible markers are pasted
on ceilings or walls. To construct environments for localization, this system contains a
tool which calibrates the alignment of the markers from photos of the markers with dig-
ital still camera. The user’s position and orientation are estimated by recognizing the

markers using an infrared camera with infrared LEDs.
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Fig.1 Overview of a user localization system
using invisible markers.
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(a) Invisible markers without (b) Invisible markers with a

a flash. flash.
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Fig.2 Invisible marker wallpaper on a ceiling.
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Fig.3 Pattern of invisible marker.
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a) A form to input information of marker design.
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b) A form to input markers’ images.
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Fig.4 Calibration tool for invisible marker.
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Fig.5 Flow diagram of marker calibration.
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Fig.6 Invisible markers on the ceiling. (This
photo was taken with a flash.)
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Fig.7 Result of marker calibration (1 reference marker is used).

NY—hEEELE

+EET—HUE
X X—hiui(EiE)

-12

-10

x[m]

-6 -4 -2 2

08 0U00U0UOODOUOLOOOOD (OOUDOOUO40000)
Fig.8 Result of marker calibration (4 reference markers are used).
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Fig.9 Infrared camera with infrared LEDs.
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Table 1 Specification of infrared camera.
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Fig.11 Invisible markers and an infrared
camera which is attached to robot
arm.
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0 [1700000000000000000O0OO
000000000 o0oo0o0o (Dooo0 GPT-
9005A, 0 000:45mm) 000000000 OOO
gb2300000000000000000000
goboooooogon 1.'vmx24mdoogno 7,0
12000000 16eem000O0O0O0OoOoOoOoOooOOonO
gboboooboooooobooboobooooao
gbobooobooobooooboooboooooboboaon
gbooooobobooboboooboobboooooo
gooooboooooobooboobooooboooo
gboooooooooogo 1otemO0OOoooOooOoO
goooo0LboOooOoOoioogooso30d
goooooooogoboooobooboooooo
gbboooooooooooooooobooooooo
gbooooboooocoogd
0120000000000000000000A0
goooo0ooobooo Booooooo Lsod
gboboobooooboboooboooooooobooo
gbooooboooboobooboooboooooao
goooooo
01rgoooooo0obobooboooooooooo
gbobooobooooooboooboooooboooao

40— —PA5L — - hA5s]
35
30
e /
E 25 ]
W 20
o _P S
Elg 15 S P -
0L N\ /
° W
o ~— . . n
10 12 14 16 18 20 22 24 26
izt )|
() 0000

(a) Errors in estimated position.

1.0 ——‘—ﬁ%%L — -71%33}

09
038
— 0.7 /
£ 06 e
mﬁ 05 \.E - J\ = /
£ 04 AV B I
03 l\_ - ‘i: 7]
02 =
o e Pz 7
. Y 3 ;g +
00 \ ; . A
10 12 14 16 18 20 22 24 26
EE R [m]
(b) DDOO

(b) Errors in estimated orientation.

013 000000O0oOoOoOooOoOoOoOooOoOo
Ooo0oooogoooooo
Fig.13 Errors in estimated position and ori-
entation with respect to distance be-
tween a camera and markers.
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Fig.14 Estimated position of 2 infrared cameras (1 reference markers are used

in marker calibration).
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Fig.15 Environment of user localization ex-
periment.
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Fig.16 Estimated position and orientation of
user.
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