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An Indoor Location Estimation Using BLE Beacons
Considering Movable Obstructions
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Abstract: Recently, research of indoor location estimation has been attracting attention for tracking behav-
iors of customers in a store. In the case of the store, indoor location estimation adopts absolute location
estimation techniques using RSSI of Wi-Fi or BLE signals from beacons installed in the store. As the RSSI
has been influenced by the signal reflection, the diffraction, the shelter and others, an estimated values can
cause errors during the process of converting the RSSI values into distances. Therefore, an accuracy of
location estimation deteriorated by irregular shielding of wireless signals when pedestrians pass through in
the store. In this paper, we propose dynamical and optimal beacon selection method to minimize affections
of wireless signal shielding by the static and movable obstructions. As the result of a simulation, we found
that the average of the location estimation errors using our proposed method is reduced by 0.5m against a
method only considering static obstructions and our method keeps a constant error regardless of the number
of selected BLE beacons. In addition, the average positioning error in the proposed method improved by
0.7m even in the real environment experiment, and we showed the superiority of this method.

Keywords: indoor location estimation, BLE, maximum likelihood estimation

T B\ Zth KDDI & a7t 1. BL®IC

KDDI Research, Inc., Fujimino, Saitama 356-8502, Japan B
%) hi-hoshi@kddi-research.jp VPR, BRLEEE ST AR S A A T bILT Y
b) s . i . . e e
) Picishizutakddinescarch.jp B %7, AY— T4 v i EOWWHA RS sk
¢ ar-kobayashi@kddi-research.jp i R
4 at-minamikawa@kddi-research.jp VU #ER, Wi-Fi, BLE (Bluetooth Low Energy) D EH
© 2019 Information Processing Society of Japan 48



BRIEF=EmEE Vol.60 No.1 48-57 (Jan. 2019)

e WA T & V72BN E S 1E, RIS 725
1), [2] D ST WA, BAMENEOFNERIZ, B
BNTOFET = a ¥Rk COMBEIEHR T HE)

L7z7 =R VB EfAMITY—EAZHH S LTw
% [3]. —HT, INEIEIEHNORIEE B L OEEOITE %
WAHALL, T 52 & T, T — YA NE KNG
Dl L HIET L9 ZEARTH — EANOEH b HIFES
nTwb [4].

BAMIBW T ELZFIMTE S A7 4L LT GPS
(Global Positioning System) AFfE$ 545, GPS (4%
HRPOZBLIEHEZHAETAZ L THNELZRD L
W, Yav¥rTZE-—LRBTOL)ICGPSHEHELLD
PWAER SN B BRETIIRE CWREEIHBILT 5 & v
IMEES D D

FRmFEAT— T YRAESENLTBY), Av—
P74 B SN ESE Y T E R HEET 5
PDR (Pedestrian Dead Reckoning) & I35 T3 I
FENTE7 5. PDR BB TIHEHETRTHS Z &
Mo, BN TORMICHERA STV, XA E e
Tho70, EBONYEDS OEENRELTLEY
EVWIAREEN DD, FD0, HIHA—FEDIAIVITT
ML EHERE 2 £ & B HEE M BB s E 72 b .

M EHEEOFEE LT, RARBEIZERE LI X T
VTR, BRES AV TESGET S, A
T HWFETE, BEOERESCEMFE 2 L2
D AW %R - BT 2 EFZEL T T\ S (6], (7], [8].
BT, HEEETER D MFICHISCTE % RGB-D 7 X 9%
7072 [9] b STV A D, Tilcd bWkt
WCHLYEETR L TR L hbF 7 Vv— 3 VHER,
NP ORLE 2 Hew § 2 BB RS 2 BREET Tl
EDOHEE N D EDEPFIES B Z LN TEHRWVE W)
MR AET 5.

S 5 & 72T, BB & 2SRRI 72 HEAAE 55
BREDSTEAET BB T, -V ERETZERT bk
(ZET, ZELLBOBRMEZ AL —FoliE%x
HESTLEMTH L., BHRETEHNL 720, HHEN %
B EZEROMICEEY SHFAET 2HEIITEROK
B, GERL, Tk EoRBEZ, MEBEHEERBENSILT
Bl MEEDS S 5. FRIRENLERES 2 HW-F
H0BTH S Wi-Fi % BLE # HW7z6f7eid, 2h s 0®E
WS 2.4 GHz T OBETIRE HWTWB 7280, EIEO KT,
W DB EZ TR T L, KoeE gt WX b%E
BEIREDOHILLFE L. Ao L) L BhERRY % £ 58
L7zFEROWEFZREINTBL T, + 714 AR/NEED
L9 EERY & L TIPS EIERT HRE T ICBW
T, WRHERE L FEE, WREEOZE LWLz 3
CEND DB, 22T, AWZETIE, EHERLTHVLTF
HERG L L, BRERY & L To AR X AR

© 2019 Information Processing Society of Japan

Ve Oy BLEE—T>
'ﬁ
BLEZZ St

M1 A7 LMK
Fig. 1 System configuration.
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Table 1 Measurement results in wireless signal anechoic

chamber.
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Fig. 2 Visualization of wireless signal propagation by influence

of static obstractions.
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Fig. 4 Floor plan and optimal BLE beacon arrangement.
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Fig. 7 Comparison of average location estimation error by

number of BLE beacons.
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Fig. 8 Comparison of number of occurrences for each number
of BLE beacons.
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Fig. 9 Comparison of location estimation results using seven

BLE beacons (blue: true trajectory, red: estimated tra-

jectory).
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Table 2 Number of location estimated occurrences par shield-

ing frequency.

8 [lm] | gk
PREFE 5.19 5.1
BEAE i 5.38 5.5
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Fig. 10 Comparison of staff and customer in average location

estimation error.
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11 EBRBEEEHR (f:7v7, Biavry, ik Ny s
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Fig. 11 Experiment environmental simple figure (green: floor,

white: counter, deep green: backyard).
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Table 3 FError between simulation and real environment.
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2 4.09
3 2.58
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Fig. 12 Comparison of the number of occurrences for each

number of BLE beacons (real environment).
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Table 4 Comparison of location estimation results using BLE

under real environment.

JERID | BETE (m) | BEFETE (m)
1 4.12 5.96
2 1.30 1.73
3 2.42 2.93
4 3.08 3.50
5 2.03 2.63
6 0.63 0.55
S5 2.41 3.11
rp gLl 1.56 2.10
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