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Abstract: Indoor positioning is a basic technology for indoor daily life applications such as elderly care and
home automation. In this study, we present a new device-free and privacy preserving indoor positioning
method using infrared (IR) cameras and retroreflectors. The proposed method employs IR cameras equipped
with IR LEDs to capture retroreflections from markers attached to walls in the environment, and detects
a person who passes between the camera and a marker by observing the occlusion. Because our method
employs occlusion of markers, it can track a person without attaching tags to the person. In addition, to
preserve privacy of the person, our camera device enables us to filter out visible light and thus the appear-
ance of the person is not recorded. Our evaluation in real environments showed that our method achieved
an average positioning error of about 0.3 m meters.
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Fig. 1 Principle of operation of proposed method.
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Fig. 2 Our prototype IR camera device.
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Fig. 3 Captured IR images when IR LEDs are on and off, and
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differential image computed from them.
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*I Arduino: https://www.arduino.cc/

© 2018 Information Processing Society of Japan

FET7r—X
u ~—HEZED
LA » R — _
N EBEDESR 7 HE7rx—X
- [N p—— - - |
ER A EAE T B
wEHRE | (%)
HEESE

4 TAYH=T) T4 TIEDFEOME
Fig. 4 Overview of fingerprinting-based approach.
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Fig. 5 Computing feature vector from IR images.
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Fig. 7 Estimating user position using geometry-based ap-

proach. The green colored area shows the estimated

position of the user.
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Fig. 10 Our handcrafted device for vertically moving the

camera.
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Fig. 11 Estimating user position using geometrybased ap-
proach using a single camera. Each ellipse shows an
estimated position of a person. An arrow in the ellipse

shows the moving direction.
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respectively.
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Fig. 13 Positioning performances of methods.
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*2 Microsoft Indoor Localization Competition@IPSN 2016:
https://www.microsoft.com/en-us/research/event/
microsoft-indoorlocalization-competition-ipsn-2016/
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Fig. 15 Positioning performances of GM when we use the 3D

coordinates of markers that are measured manually
(GM (manual)).
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Fig. 16 Error distances with changing the number of training

data.
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Table 1 The number of occluded markers for each participants
with changing the distance between the participants

and the device.

0bm 10m 1.5m 20m 25m
A 6 8 10 12 22
B 5 6 9 11 20
C 6 7 12 13 22
D 6 7 9 11 20
E 6 7 10 13 23
F 6 7 10 12 22
G 6 8 11 13 23
H 6 7 9 11 20

R 2 WEE A DS H OERIGICET 25
Table 2 Physical attributes of participants.

G5 [em] A& [kg] JHUE [cm] Y= A b [cm]
A 165 65 46 85
B 158 % 38 65
C 159 54 44 73
D 161.6 56.8 45 76
E 167 59 46 77
F 170 58 46 71
G 176.7 74.1 46 86
H 178 61.2 45 71
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