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Indoor Positioning System Based on Camera Sensor Network
for Mobile Robot Localization in Indoor Environments

X| € &', Atsushi Yamashita, Hajime Asama
(Yonghoon Ji" ,Atsushl Yamashita', and Hajime Asama')

'Department of Precision Engineering, The University of Tokyo

Abstract: This paper proposes a novel indoor positioning system (IPS) that uses a calibrated camera sensor network and dense 3D
map information. The proposed IPS information is obtained by generating a bird’s-eye image from multiple camera images; thus, our
proposed IPS can provide accurate position information when objects (e.g., the mobile robot or pedestrians) are detected from
multiple camera views. We evaluate the proposed IPS in a real environment with moving objects in a wireless camera sensor network.
The results demonstrate that the proposed IPS can provide accurate position information for moving objects. This can improve the

localization performance for mobile robot operation.

Keywords: GPS (Global Positioning System), IPS (Indoor Positioning System), camera network, mobile robot localization
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Fig. 1. Overall process to generate global bird’s-eye image.
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Fig. 2. Floor detection process: (a) real camera images Jg,) captured
from camera sensor networks, (b) predicted depth images
r R generated by 3D map information, (c) height images
1"y and (d) floor images Iy, where regions other than the
floor have been removed.



954 N

010

T80 RGB-D AN fA1E 7152 T 7

ﬂ10 _L‘\L Olr o,
tot
E
=
S
B
%
k=D
k]

™ s
alln
i
-
o
ox
o
S
U
o
R
<
tlo
)

I, (u,v) =z, — “xsing, + “ycosfsiny,

@
+“zcosfsiny,
‘x= I,?(w)(u,v) 3
. 1
(y:—(u—c”)lg[w)(u’v) (4)
o _ 1 P
z= 7 (¢, =V gy, (,v) ©)

2 QG TR 28A2 (f, ) 2 TH (@ o) BEE
Z8sto] A2l G A Prl 2249 skagk @ vE
A% Fhlek 2EA 715e] 3kl Jxgk (v, Y, D= HS
sk AgE TR 71 SUHA o= A9 Tl A
AZ get w=[x.y. z. 1 6. o= DG FIFA W) 715
o] Fhdlgtel] tigh 6% dE] WEE oulEth A )%
Zhlet A (Cy 7S] @Al uizt 32k AR
(&9 DE A A (W) 7159 gl Au W]
0] D& Moy AR 3PS Hehith vhxetoz 4
)2 B3l 7 Al B IOl T A A2 I, (2
H2d)s BET Uk B =edAE Apieke] 35S
Ao Fhiet S (G xF o2 Aefsiglon], A8t 7t
A el 13 39 vERt sl
2. s Hg

Fhelel vlES] =] ok Zizte] Ao =
3l7] S1ate] ¥ =l A o wEks

al

& 8ol slEtii2). olF
A dubzol A gl wie We
Fagtiar 7P E = 7] wiEel] B =il AAdE 7
Zre] viet W G Il tlsl 959 Wgs 283,

e FFE 7184 FA] W EKgeometrical perspective
)

transformation) Yz]ell 719kgk 7 Aol o8] A 753}
ol AA FhdEt 43 ARE TP T 4 AlHlA bt
gHL 27 E Ao R wgksly| fg dEe v Atk

7 32 A F3A (w, FHller A JABA (R), 19
7P 23w 9 HFA (B Atel] BAIE EF s,
te] AA| Fhetel AR Agelgh el gt Aol
A] 3 perspective transformation)S YER AL Qi) 242t
Ae Wgk PAS AREste] B3 Jhssith A
"y Pz 1" fu = fu 5] Aol A TRt 3

2 W

kl

N
>
N

«Y o 1o
I

T
.ﬁf

o
23]
J

i,
Ko

Ru: RQWWx

*u hy hy

2 4 ©)
vi=\h hy hy by,

s o hy byl

£, Atsushi Yamashita, Hajime Asama

% 3ok W, AAl Tkl 4, 7l Tzt o
2T g Abole] A W,

Fig. 3. Perspective transformations between floor plane, real camera
images, and bird’s-eye image for virtual camera.
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