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Abstract: In recent years, indoor and outdoor position information has been used in various services. The
Global Positioning System (GPS) is most used to know position information. However, GPS cannot estimate
the position indoors, where the signal from the satellite is difficult to receive. Thus, using the received signal
strength indicator of iBeacon has been proposed. Beacon’s signals are in the 2.4 GHz band, and the signal
in the 2.4 GHz incurs the effect of a human body. Beacon’s signal passing through a human body is greatly
attenuated. This causes errors in the estimation of the position. In this study, we reduce the error of the esti-
mated position caused by a human body. The effect of the human body is reduced by using the displacement
of the estimated distance to estimate the position. In addition, the accumulated error in position estimation
using the displacement of the estimated distance is correct by detecting the passage of the receiver.
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6.1.2 JHO L TRERO MM 2 A L 7256, @Eio
WEMEIZOWTHHLET 2LENH L. LEOMHIL,
WA L7220 S BUE E COHEEEIC P, & Py 02
(P)—Py) %A 5ZETHIETZ. ZNICE-T, %5
B Aol L 7o O E Z HIET 5.
SASHEAR R LLAT

52 A5 1 B A g AT O HE e BLE DR IE 24T 9 . HlIE
(&, A0E O ZAE RGBT D LR F T OHIPATAT
9. 22T, ZEMEBRHIATONIRER % d, #iEo
SAEREBR I AT DR & s, HIERATOHEEE =
P (s<t<d) B, ZEROBEBHRANICL > THIES
N7 EHE S N DRI OHEME D (P — Py) %K
W, FOEE P AINAS.
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Py DRRGEAEII R VA Poyq, Poyo & s BREDOHENDIC
ONTRREDVRET 5.
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(d—t)P, + (t — s)P)

P = d—s

(s<t<d (17)
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Fig. 7 Example of correction for estimated positions before de-

tecting the passage of a receiver.
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Fig. 8 Comparison of position estimation results.
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Fig. 9 Results when receivers were installed at 10 m intervals.
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Fig. 10 Results when receivers were installed at 5 m intervals.
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Table 1 Mean errors at each receiver installation intervals.

15 18 WA [m) | Centroid % [m] | R T [m] | B [%)]
10 4.55 2.99 34.2
5 2.33 1.63 30.2
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Fig. 11 How to hold the beacon.
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Table 2 Mean errors at each position.

Y—aryOfifE | Centroid i [m] | $24F: [m] | B (%]

Y APy VALY 2.24 1.82 18.8
i) 4.55 2.99 34.3

H 5.41 2.85 47.3

% 5.61 3.15 43.9

2 4.11 2.55 40.0

FE 4.14 2.47 40.3

Q53] 4.70 2.79 40.6

&3 KE—aroflik

Table 3 Specifications of beacons.

v—av 1m M CTOEWE [dBm] | ZIEHRE [ms]
MyBeacon —76 100
BLEAD —78 100
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Table 4 Mean errors for each beacon.

beacon Centroid ¥ [m] | ETFE [m] | B (%)
MyBeacon 4.55 2.99 34.3
BLEAD 4.73 3.18 32.8

7.4 BEREEEZZ/-ER

71 Hi-73 Bi I B E RN HE T 5 EE A
To7z. Lo, EBOBENIZEREEFRANZAMES
BTV, 22T, EEORE COMBENRTIHE %
MEES A 720 12 E B 2T o 72, B, 25— ME %
i 25m i L, T LICBEIESAREL, #
DOWFEESBE L2 THVEST L & L. BEHES
11m-19m O SR L, MEITDEL THEFORE)
HEEAS100m & 7225 K ICRE L7z, 72720, EIRLAE
@ﬁ%# h% SEHPFAOR (0m H, 50m HiT) =
25 Y ZREHREHMOWmTIFYETZ & & L.
SZAEHE i 10m MR CTHREL, -3 oM EI2HFD
ZrrL7.

5 DDIEE DR & VR LER 24T - 72558, Centroid
LOTH AT 6.0l m, REFLEOTHHRAEIT 431m T
o7z, WHETHEL Centroid % & KT 5 & FEWiRE%
28. 3% WM T E Tz, LaL, 7.1 8i-7.3 HiOFEEKR L
WS % &SRR ORI/ S V. ZIUITEOHE
T RS 720, A5 50 7 R B /7 [ H 12 2Bk
L7272 Th o7z, EROBEHEDOERIIE, ZEKA
I (ZEH2S 3m DN) THVELZE ZICHEELTW
72, 611 HOSEM 1-3 1%, ZEHROBERICTHIEL-L
Y, ZEKREEBL-EESEEKICHITITE. NI
LoT, ZEHREERL-LHESN, SEKREERLT
WHRWIZD 2D L THEMEOHIEN fThhTwiz, F
7o, BEFIAHE T, @wEoHEEE & BIAED Centroid
HOHEERE 2 S ENE R % Ko TREN I 2 #E L Tw

L. Ok, BEAMHEICKMT S I L0557,
7.5 EE
ARETIIERI T ERLRE L2 E 0 MEDO 2 X

BUEMEOBMADTERE KA. L L, EROFIMN%
%i%t B2 T% L, LT, T3k, am, &
I EICZERERET AR EZ NS, 22
i,L%%,T%%,A%ﬁﬂwmmmowf%ﬁT%
T 78, I, HERO L FEEIHAEDE 7250
rrEZLNL, 22T, K12 [IRT L FEK 225K
ADSZEEBICBHITA2RRICOVWTELRET S
RIRETIE, ECRE IAEE, BEhEMiEE, 265
ol BB 2 SR SN 5.
R B J7 3 72 T & Centroid 312 & A {7 {8 HE 52 4 5 % 7
HLTWwa., 0720, ZEKRA L2EHB 25 AZZER

© 2022 Information Processing Society of Japan

ZIEHD
REST

— BB

12 L FHOF)
Fig. 12 An example of L-junction.

WAESHEE S NS, Lo L, BB e EERE
QE%A#%QE%Bsﬁ#ofwétﬁméﬂé.:
D7z, BIEOBE g 20 F @M 5 2 LA
RE7ELEZLND.

BENHHEZ ICOWTEHEOFEE2 20 FHHT 5
ZLIETELR . X 12 ofITH UL, BEIIEEEHEEICX
B0 A X 2B O LN & 251 B 12 & 2 M2 B
DEMEFHT S, S TZEHRALS LT (M
WHLET) OXMEEZ L., ZOLE, BEOTHETI
ZEEBICL2HHECHMOZENIE Ad=d, —d, £V
BIEEEE 350\, 200, BHEOFKREFHLT=
M CHEEHEE 2 MIET 5 2 & TGRS 22 B & & 2
bits,

ZEBEERAICIOVTE L FHICBVT L 2EKELE
WTBHIEEDY IR, C0o, BFE2 203 F
BT 2 ERMEEZLEEZ ONL. F72, ZEHEER
MEOMEORIED, @EOBIREFIH L T =M TH
EWEEA LT A2 THIBTELEEZONS.

—77, PHEHANDIBHIZOWTIL, BEEEE S, SEMKE
WA OMMAETZOF EFMT 22 L3 L. BEjHE
BERESE ISR L CILB ORI T & 97, =AM X
BFIEAHE L, ZEMEEHRAIICEL TH, ZEKRDDH
LYl A L IERS T, HEEOTEE 20 AT
HIERTERWV., TOZEIZDOWTIESBROETH 5.

8. BbWIC

ERTOHEENE D S DEM 2 FIHT 5 2 & TAED L
12 & BRRAEDR A7z, KR, Centroid & el L T
MNADFBIZ X AR BRT 52 L TEL. 5HBO%
EELT, DR LSO IS ERERE Lz L
EADLIL, Ry MIANT L EORER, BITHRFOIE
WKL BEEBLHET A EDHITHNA.

#EE AR, JSPS BHIE JP20K12078 DBy & %
T Thro 72

SE X

1] #AEHT A X 77 YR EER T - A
Xeye (A0 7 74) (74 >), ATk
(https://www.xeye.jp/) (ZH& 2020-05-16).

191



BERAIEF=EHEE Vol.63 No.1 182-193 (Jan. 2022)

2]

3]

[4]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BHHER, haEKR, @ff—, &1L, NI
Y=oy 2 LA RR VT A D ¥ 2T L DR,
JVFATA T, FEIHIRE ENA VT YR 4 2019
FC4E, pp.1637-1647 (2019).

REF I, WA, REPER, mdfd 0 29 Pk
U 7N X RN WIFIAP @ 3 KouiiiE e Fik, <V
FAF 4T, DRI E ENA NV R I T L 2019
4, pp.1637-1647 (2019).

FHMES, M2 wZ, BB, WLUER, Ml @I, KH
B, WA i RMTRomA ey Y v s T 2L
72 RAALE I T, THHLIT 25 3RS, Vol.58, No.l,
pp.57-67 (2017).

Bluetooth Specification Core Versiond.2 (2014).

W WS, I 2 AL D BEMNIZB TS BLE BI®
BEIZ & B BRPNAL O PERERHAG, THELER Y255 77 [ 4z
KRR L, pp.301-392 (2015).

Thaljaoui, A., Val, T., Nasri, N. and Brulin, D.: BLE
Localization using RSSI Measurements and iRingLA,
The 2015 IEEE International Conference on Industrial
Technology (ICIT), pp.2178-2183 (2015).
Anagnostopoulos, G.G. and Deriaz, M.: Ccuracy En-
hancement in indoor Localization with the Weighted
Average Technique, The FEighth International Con-
ference on Sensor Technologies and Applications
(SENSORCOMM), pp.112-116 (2014).

Jianyong, Z., Haiyong, L., Zili, C. and Zhaohui, L.:
RSSI based Bluetooth low energy indoor positioning,
The 2014 International Conference on Indoor Position-
ing and Indoor Navigation (IPIN), pp.526-533 (2015).
WIS, BEIF E, R SE, WIMER | EAT BLE
Y7y T LA YRV ENMESE T,
L AE A5 SCRE, Vol.60, No.1, pp.58-75 (2019).
TP, BRI 2, OREIGES, WHER: =2 —J b
v b =2 2 TR A X2 M BLE BAALE
HEE DO WBEE, <V F AT 17, i L 51 v
TR T T L 2019 @, pp.29-35 (2019).

Dalkilic, F., Cabuk, U.C., Arrkan, E. and Gurkan,
A.: An Analysis of the Positioning Accuracy of iBea-
con Technology in Indoor Environments, 2017 Interna-
tional Conference on Computer Science and Engineer-
ing (UBMK), pp.549-553 (2017).

Kouyoumdjieva, S.T. and Karlsson, G.: Experimen-
tal Evaluation of precision of a Proximity-based Indoor
Positioning System, The 15th Annual Conference on
Wireless On-demand Network Systems and Services
(WONS), pp.130-137 (2019).

Kwok, C.Y.T., Wong, M., Griffiths, S., Wong, F., Kam,
R., Chin, D., Xiong, G. and Mok, E.: Performance
Evaluation of iBeacon Deployment for Location-Based
Services in Physical Learning Spaces, Applied Sciences,
Vol.10, p.7126 (online), DOI: 10.3390/app10207126
(2020).

Rezazadeh, J., Subramanian, R., Sandrasegaran, K.,
Kong, X., Moradi, M. and Khodamoradi, F.: Novel iBea-
con Placement for Indoor Positioning in IoT, IEEE Sen-
sors Journal, Vol.18, No.24, pp.10240-10247 (online),
DOI: 10.1109/JSEN.2018.2875037 (2018).

il A, MRS, BEHEE, R, AR,
e Ao KA — - IERBEERLIC X 2 SEARET AL E I T 2 o B
58, HAAMMIIRE L5522 %, Vol.1, pp.55-61 (2005).
B, ARER, ANEEGL B ERY © FRE L7
BLE |2 & 2 BANMEHEE FEORSE, ~VFAT4T, 77
BB & BNA VY BT Y 4 2017 #CAE, pp.1540-1546
(2017).

mEE, YN, EEOLE L ZEETMEE VR

© 2022 Information Processing Society of Japan

WEIL T D%, MG R MY AT A LAY —

Fa3Ia=75+1 (ITS), Vol.2014-ITS-59, No.21, pp.1-8
(2014).

[19] Foundation, T.R.P.: Raspberry Pi - Teach, Learn, and
Make with Raspberry Pi (online), available from
(https://www.raspberrypi.org/) (accessed 2018-09-25).

[20] MRASHT 7V v 7 A MyBeacon <X ¥ %> b HI MB002
Ac-SR2 (¥ F 1 ), AT45 (https://business.aplix.
co.jp/product /mybeacon/mb002ac/) (£ 2018-10-30).

[21] RJEHE{ZE @ iBeacon /N K7y 7 (2014).

[22] MSHFIFML AT LT A~ I BLEAD (4> 514 ¥), A
F4E (http://houwa-js.co.jp/service/blead /) (Z:H 2021-
01-03).

3
THHALEE S 2 E SRR FRZHUE IS D, 2020 4R1E (58 71
|) A - WA R PESCGE SRR TRE SN
5, FICEFTHL I LNRBOONIEFm LHEREZ

BHELIGWXTH 5.
(TH LB S ESCE SRR & H90)

o

xt

t

B BT (FERH)

PR 8 AEA. A HITCAR B IR A
BRIGHRTFREE. L, RRFKR
FhrRr A SRR A e R LA
WML 7 ba=s7 23— A RF.
iBeacon & M\ 77 & HEE 1B 5 2 0F
FEIHESR.

HWHE EX

Rk T AR SR 30 4E BBURSE T
FARBTE IR LR ACE. AR 2 EIFK
R BERRE AT X B R AR FE R T
FHRYEHRIL 7 bu=r 20— &
T. [AEHRKET VOYAGE GROUP
Atk SSP DRSS IZHEE.

192



BERAIEF=EHEE Vol.63 No.1 182-193 (Jan. 2022)

=i f#— (ExR)

B 51 4Rk, PR 16 4R ARE
B A7 A HRRE R LIRS T
[t (T3). AR FEAIN S 2
- 7 LA (B, UM
» SEFIRIET) AR, TR 23 4 BN
KRB TR L 7 o
=0 AHBGIERE. BUE, TR b T R
i, EHRt¥ 254, TV NV AT LA, A F
v ZHRSE O i, BT REAEYS, BAES,

IEEE &£ H.

NF ESE E&H)

BN 40 4EA:. SR 6 SEAIE KRS
Bt B ARFF AR TR R R AL IUR
. AR BEOK S LR age ek Lo
FHBVF. BUE, RRFFNRIZERE L5
REMEE. T -V 2 P Y AT L,
HEBHY AT 2 IZET AR
F. L (L%, EFEREEFRAKE.

TR —f (E&H)

A 31 AR, WA 56 AFRU TSR
REFBEE TR - B T
RIS T, FEA L T R
B LA RLE.  [FRBhBd%
T 6 4R RIS T2 A AR

gebe ToRu M #de. RHER TS 251 feE. F
J% 22 4E HF TS T 7 O < 0 RE, Tk 21 £
TR P R= =, TR 21 RO E D)
WHELRE, T 20 FHREB KR £ U-Japan KEEZH.
TR 25, 26 AEFEITHHILEE S T ESCE SO, PR 21 4F
FETE T OB S F R ESCH G R, T,

© 2022 Information Processing Society of Japan 193



