BRIEF=EmEE Vol.60 No.1 58-75 (Jan. 2019)

BRI BLE # 7 8 VF LA S v F 2 W
NN E HEE Tk

R RN IR A R 2 Wi AR
SfH 20184A 118, #4328 2018510428

BE . Wi AOFEHIZB T, BMoOTELeBE OR#lL, FEir—2 a v oRMET) 720121
BLEHECEITLELE b, ERLIA NP RLR DA BFEPRFEINTNEDS, AR NREE
DATHHI T, WM ORREHND LB TR, ZHOBM A2 5%ET 2 Lo 3 L
VL RFCTIE, A WHETHEN T RS 2w £ 92819 %5, FLARE! Bluetooth Low Energy (BLE) % 7
AR L2ENMEREE TR IRET A, RETHEEBLE N7 v M2 IUET L AF v F 288 5RE & L,
BLE % 7 % kG EDHHERER L LTy VY ORA DA THEZFIHWREE L7z, (@ iEE T Farat 2
WBEE LW 3B ES—T 4 7T AN il Gbel7 VT X ax v, BEARELERD N
TA=FEEALTTY) vy Fy—FICLDEELZRLIELNL LI L 72, N7y PuADFE
WX BT 2B <70, #HED Bluetooth 74 7% % 1 Bz A% 74 BLE A% v F % 5%
L7z, HARMEASRAE TR S G 22/ EXPO2016 2B WT 7 — ¥ TUEERBR 21TV, B ZMEEL 72
LAY 3.6 A— MIVERER L 72,

X—7— K friEfEE, BRE, BLE, ¥ v TAAX v, EEMAX ), EAE BLE ¥ 7

A Location Estimation Method using Mobile BLE Tags
with Tandem Scanners
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Abstract: In this paper we propose an indoor location estimation method using mobile Bluetooth Low En-
ergy (BLE) tag, which can achieve estimation higer accuracy with less labor. To track the activities of people
indoors, such as trajectory of walking or interest, location estimation technology is essential. To activate
the estimation system in short preparatory phase, the methods which need fingerprinting or many devices is
hard to use. To use for the survey of the activities of the visitors at a large-scale exhibition, proposed method
is designed to use BLE packet scanners which are fixed to the target area and mobile BLE tags which are
carried by the visitors. Estimation algorithm is based on the combination of trilateration and particle filter
to avoid signal strength investigation, and has several parameters to control the algorithm’s behavior. We
develop tandem BLE scanner which has multiple Bluetooth adapters on one scanner to mitigate the effect
of frequent packet loss. We have executed data collection experiment at G-EXP0O2016 in Miraikan museum,
Tokyo, Japan. The mean estimation error of the proposed method is around 3.6 meters.
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BT b. RBEFHD Wi-FI 727 2 AKA 2+ 2 FH
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Fig. 1 System configuration of location estimation with BLE.
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—F, EHOFHIESR AV 5L LT, BLE ¥ 7,
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FAECEAT 2253 TL 0w, 2L ofHE L Ao
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BIF R 285 ICERELR AR M CRET 240
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Tirbh, ZOMBERIIRELENT S, 2D72OIEWE
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e L72EHM AL B 7 fingerprint DESUZHEEL . (b) B
WEHVLFRIIBNT, BRYRNN—T 12 a v i3%E
FEHREXARLEICL, 7y NOAZRFESELER &
b, T, BERHOBMPEERARELCTFErRIT
WHEMED H 5. BHEE AV WA THEEYOZEITK
EnEEZONL. F7z, RGEVPBE L TORIEREIR
ZAEL T 5720, 2w LIzeHIEAT ) 720 I TR E
L b,
3. REF&E
KEGLTIEAY— N 74 Y2 LELET, pOLVEal
TOHFHWRE 2 EHEE ke LT, BAif BLE ¥ 712
L BEREETEARET L. RET 2 THE, 1) B
BIBLE % 7 % A\0Fib &, 2) BRBEEIE D15 BLE A
F ¥ FCHEZBLE N v NOBEHERE L CEHRES
19 . FAFHN 2T R nwFEE L, ALERBERRET
AT ANy AT B 7290124 74 BLE A
FrFeREL, KELTBLE XYy b2ETES &
Lz T, ALEWEFMT 27V T) XA L%,
8T X — % OIGHALIC & o TEVIEE 2 ER T 5.
REFE, WEICHHT A2/~ 7 27 LALEHEE T
VT RXLD20DFG /R END, N—F7 =T
TIXREFED BLE A ¥ v+ &, BEAi%oO BLE ¥ 7 %
fivi%. BLE X% ¥ 714 Raspberry Pi & USB ##H 0
Bluetooth 7 % 7% % H\», BLE % 7% iBeacon JEZ ? /%
o hERETLIOBRELLTHRL WS, 7Y
AL~ v THERE)S—T 4 7 )V T 4V Z 1255 h
n, ENENBLE 87 v b OSZEREFTHRED S35 BLE
¥ 7 OREOFRIE, BIRIEE b &5 LWLEoHEE
119 . BB, TOFFELENICIRE LT [22) 2R
L2bDThsb, AETIE, TTRETFHEICLAMVEHE
DN EFHL, BLE /N7 v N ZIN%ET S BLE A ¥ ¥ 5
IZDOWTiiR%, BLE AF ¥ FIZ2oWTiE, 737 v PR
W& > TNEHEEVALEIC R A0, /%7y PO AND
FLE UCHESE L 724 T4 BLE A ¥ ¥ FIZoWT bk
R5b., ZDHKk, MEHET VT ZLIZDONTHRS,

3.1 fIE#ENRNI

REFE I BMEHEIR, B 2 IORTHRLTIT). £
T, MEHEONGL 2D X50402 BLE A% v+ %
Bl L, W& %b BLE ¥ 7 O%$ %A BLE N7 v k%
PEET A, IEL N MHEED KGN BT 5 1
<~y TOERICFIAT L. LE~Y Yy 7OLERTIE, UEL
72BLE N7 v POEFIMEL D LIZKEAF ¥ F 55
BLE % 7 TOMEi* ZNZIHEE L, B0 L& 2okt
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Fig. 2 Overview of location estimation by proposed method.
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HT 4., BilEEZD &2 YT LB S 28—F 1
IVICHRLT, TE~y 7EHWCEATMNG L, EAIZ
B L TN—=T 4 ZVERBIFEL, Ko7/ 8—T 1 7 VOME
b L HEEME AT 5.

3.2 BLE XF¥ v F &INE BLE /Y7 v b

SWENICERIE T A BLE A% ¥ F &, Raspberry Pi %l
M4 5 (K312 %2RT). OS 121 Raspbian % f#
3 4. BLE /37 v b OYUEE, Linux 0]l Bluetooth 71
FINARE v 7 BlueZ &4 LT, RARICILY AT 7217
® PC [} Bluetooth 7 % 7% % /£ L CT475. BLE A
FXFRNYVTAEY DR EL . WET S BLE /8
v MEBLE DT KXY A4 V0 7 F % 1) (F ¥ 437,
38, 39) IZHEEENBITLED/r v N THAHD, KL T
I3 BLE ¥ 7' %% iBeacon TG XD /87 v M & X5 T 5 L HE
T4, AFxxFiE, WELZ BLE 8% v MIZERKZ L
RANGEMA T T =% &AERL, B 7IUEY — )V fluentd
TH—NIZEHT S,
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3.3 2>FLBLE XX v FIC&LB/%y hOXRE
3.3.1 NNy POXIZDWTDERERZ>T L BLE X
* v FDIBE

BLE OETIE, LIFLIE Ny baAdsgsEd 4. N
7y NHANRLVERETIE, MEHEEICLEERLT—
FRBONT, WEPALEIL L LD, T2 >TL
£9. Ny M AQRERIIEBEZ LN, 201212
BLE /%7 v FHBLE A ¥ ¥ FI2F3# L 72K 5 C, BLE A
FXFOE) T ANEEHL TV BTEENSH 5. BLE
DALFETIE, R LOKRSL, 70— F¥ v 2 MER
EREETAZDOF v AV IOHAEINSL. IhHD
F v ANAINT v N OFEERMOBIHEOT WL BT, KE
L7zBEEAT) 72008y FDORETEIZT V¥ AITE
HILZENEFT LW, L2L, BLE 2N v MEREIEIC
BEOF v AVITIEEETEY, A% v v bFEBICEEO
F v A LTI TR W, T2, AF vy VIEAF v~
BEHWTHSE TR T YA T 7 F X 2V LT
I, HEAF Y VETIEIFREIE RS LT v 4V % ERT
LKL o TWA, LA o T, 12D BLE A% v+ %
MRS 258, 7 KNI AT 0 T7F v 3 )V OGN 2 AR
EATEETH S, —F, R b CIRFARIE) F v
WIZKF L CTAF Y U OMTONAWEEMNEDLNH 5720, HED
F ¥ RV EAF v TED LI Bluetooth 7 7 % %
WL L7y Y TABLEAX Yy F 2 8 fEL T8y bR
D EX S Z L1z L7z.
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FyFaMEE L/, BLE/S7 v hORETT T L1120
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N4IZIN A, %18 L7z Bluetooth 7 % 7% OF5 % BT
b, 22T, @BEDAF ¥ (115D Raspberry PilZ 12
@ Bluetooth 7 47 %) Tid7 { 1 B Raspberry Pi 12
B D Bluetooth 747 % Z i 2 FEHIE, (1) B2 Al
1%, (2) FIFICLE LB E LAN 77— 70, (3) A¥ v
DEH () BEOHEVLE) D3REEELTTH 5.
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3.3.2 /Ny FOXERKICEAY 3 FiEER
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4 718® Bluetooth 7% 7% WY fF13724 » 724 BLE A
¥
Fig. 4 Tandem BLE scanner with 7 Bluetooth adapters.
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Fig. 5 Locations of the scanner and the sender.
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Fig. 6 The number of received BLE packets.
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BEx T 5.
3.41 KEVY TER

TE~y THEETREEZ EHEOL VXYY, £+
WIZBWTHE BLE ¥ 7OFEIIOWTOREL 52 5.
K WHE deey TEIWZXEID, 12DV E ¢ ; TEBT
L. ik jldENEN s FIAOA ¥ 7Ty 7 A, y HAIOA »
Ty I ALT B, HEVHIRTEBEOME (z., .., ,) 1&
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DB % s, (k=1,2,..., Nscanner) BEF (25, s,.)
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t—w<t' <t

COMBIIEIEw DATA FEZFHL, Wt —w 2
5¢¥TOBLE N7 v bOitskrl # B f 1252 TH
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Fig. 7 Relation between signal strength and distance by

different attenuation constant.
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Fig. 8 Target area of location estimation at G-EXPO 2016.

R 1 G %M EXPO 2016 (281F 2 EETH L 744
Table 1 Equipments for the experiment at G-EXPO 2016.
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G ZE[H EXPO 2016 13 H AR AR T 2016 4F 11 A 24
H2” 526 HETO 3 HBEFAME S, DX19,138 40561
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%EM&TW%%®MEF7/$/7%ﬁot.UWB&
FEEEYZH V720N IR BT RHELI.
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9 BLE %7 - UWB % 7 & %655 L 7=l
Fig. 9 Experiment subject wearing BLE beacon tags and a
UWB tag.

& 2 BLE ¥ /7 OikE
Table 2 Settings of BLE beacon tag.

BLE /37 v b%ERIET %587 —
WE1 0.1% (10Hz) —59dBm
WE2  01% (10Hz) —63dBm
HE3 0258 (4Hz) —59dBm

10 %74 BLE A% v
Fig. 10 Tandem BLE scanner with 4 Bluetooth adapters in a

cross-shaped arrangement.

BLE # Z i3 A — LR NVFIZANENL TIFD LI L7,
BLE ¥ 730 R %55 3% 1y M LTHHALA
720, COHREER 2 ITRT.

BLE % 73311} iBeacon 53® BLE /87 v b % 3%
By aiEs Lz, B#E/XT— Ter ® —59dBm iZ iBeacon
DTF7+NVIMEETHD. BEICRELZ BLE A¥ v+
DFANZ DV TIZ 4.2 HiITRT.

4.2 BLE X% v FDEE

CDEBRTHio72% 74 BLE A% v FI1EE 10 2R
FTEI)BHMAELTWS, £ BLE A% ¥ F13X 11 2R
FTEINN=T 14 v ay BICERE L. SLNICBITS
% BLE A% v FORELIT AR 12 [CFFHF S OMNMAT
RY. FUYTABLEAFRF Y FIEK 120965 1005 11 F
TTH5. 2DHH1H5 10 1EAED USB B— MMIEH
USB iLf 47 — 7V %4 A L, Bluetooth 7% 7% %+
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Fig. 11 Placement of BLE scanner.
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Fig. 12 Locations of BLE scanners in the area.
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KPNTOHIMEZFDEBY & L7 12 FLIED BLE A
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(/—==N) T, M3 LA%SDONRTHB. ¥ Fu- ) —
< IVAZ b 59 BLE A ¥ v FIZFIH L 72 Bluetooth 7 %
7 %1% ELECOM #t LBT-UAN05C2, I0 DATA #t USB-
BT40LE, PLANEX #t BT-Micro4 B X O > 7475 1
1 MM-BTUD44 % flifj L 7-.

4.3 BLE /X7y NRERROER S

KREITIE, G 22l EXPO2016 TIUE L7z BLE /37 v b
DF—=F1Z2WT, EBRBEICBWVWT, (1) ¥ ¥ 74 BLE A
F¥FI2L % BLE /87 v O v b0 2 DR E,
(2) KHNEIICBIT 22 EETHED 2 HERT 5.
G Z2[ EXPO2016 TOFEEETIZ UWB ¥ 7% F\v CTh R
FEOMIE % BRI LTz, [EEORBRED D
LG BLE /37 v b & ZOREMEZH NS5,
L72h 5T, ADEHENTED, BEWDL L WEREC
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Fig. 13 The number of received advertising packets, count by each Bluetooth adapter

and unique count.

4.3.1 /¥4y bOXKREIRDOIREE

%74 BLE A¥ v FaFIH LT/ v buAHSEL
L7z &WENrD B2, ¥ FLABLE AX v +DKT ¥
¥ TOBLE N7 v bEE L, £7 Y75 TOXIE BLE
Ny MO EMEPR L7222~ 27 % BLE N7 v b %
BHELBTNEE v, BLE ¥ Z7®9 b, 10Hz T BLE /¥
o FEREETDHREDODDICOWT, SEMLAI 0.1
O FCT—5%$%5BLE/S7 v b%[Al—BLE Y7 v b &R
HLTL=—2%BLE S7 v FOZEREFEL, X 13
(=R oVAR

M 13 #1256k, 2=—27% BLE N7 v FZERITE
TETETOZERE LY, 2 BREEICSEH M EL
72. ¥7:, BLEAX v FICX VI ROZEH>THFLT
FIYE TR TS, AF ¥+ 1, 2, 3 TRADN
Ty NREREFSFLTWAT Y 7Y 0L OREICIH L
TWiz, T, &oBETRE L7z BLE /87 v b &30
L2 EEZONDLDY, AX v 8, 9, 10 TIZEEIZH L
TWeT7 575 2 TIlRROZEIIFEFEL T, §X
T® Bluetooth 7 ¥ 7 % H3[ U A1 & AV TV 72 A F v F
1LIZBWCAET ¥ T MOZEBDEIGFHET 5.
4.3.2 ZEESEEORAME, FiHE

Sk 1 A— PV VTR Y, L 2EY BT
TR BB ALE & BLE 37 v M 25O, &% BLE A% v
FIZEY ENLHVOZERFFMETBIN S Nz T
5. F7z, ZORED» O ERHE TRRET % 2E1E50mE
FROMTR (1) B2 f & LTl % b o g
T5. H£EILVTHEESINS BLE 37 v b OZERETRE
DO NME, FHEze— <y T TFay MLz ¥
Y7L BLE X% v FO¥E1E, T-XTO Bluetooth 7 %
7% TH72 BLE 287 v M &R FIH L CRoKME, SF¥E %G
HL7. #YFLABLE A¥x+ 6 0F %K 14 12K,
ZRIZBWTREBORENIEZY 74 BLE A% v+ 60
WEZRT. M 14(a) £X 14 (b) TREVOHIZZER
BRI L, —55dBm 25 —95dBm ) &iPHCTHEE L
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Fig. 14 Distribution of signal strength of the packets received
by tandem BLE scanner 6.
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(f) # 74 BLE 2% ¢ F 10

® 15 BLE A% ¥+ & OZEE TS D (K AE)
Fig. 15 Difference of distribution of maximum signal strength

for different BLE scanners.
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x5 max 2 FIHT 5.
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Fig. 16 Path for evaluation.

(W, dp, Nate, o) = (3,4.0,2.0,4.0) 72> 72, LABEOAIEHEE
TR INEZFHAT 5.

T/, BEX Yy TO1LRVORES degyp E/8N—T 47
VT ANEDIN=TF 4 7 VE N, &, FTEKRH, *%)&
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for the subject walked counterclockwise.
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Table 3 Estimation accuracy focusing on left half and right
half at Fig. 17.
5
T SRR

(m) fEERZE (m)

SUREETM Y 2.02 1.18
SRR (v —7") 3.47 1.45
gEtm b 2.90 1.95
e 3.02 1.48

aFED

i FHREE (m)  BHEREZE (m)
BCkgEF ] Y 2.18 1.12
BURERTEY OV —7) 3.27 1.18
FEE D 4.09 2.11
VIFT 3.41 1.09

© 2019 Information Processing Society of Japan

BCkRgE IR D 12
- CTOMERE RO, K (3) I
BEE L, FEBI
JEAE 18 12K,

0)‘%31%1%%%‘1? ZRY.

Bluetooth 7% 7" # |2 & ) 4%

LRy <%b

4.4.4 BLE 27 DHFEIC

IRHEMEAYE

HBNTERE 12OV T, IERAE DS & A
RALTEHELZE
2% 2 L7 BLE N7 v D OZEETHR
FHOMHPEIEIZ L AT, HHIE
MO Bluetooth 7 7% OF

W2 L, % @ BLE A & ¥ F T3 D Bluetooth
777&%Ht&wtb,7?790®Ak&ofwé.
5 TABLEA¥ ¥+ ThHAAX ¥ F 12056 11 TIE4
T B VIR IC b 72 5
f%ﬁ@ﬂ#vhﬁ&%i%nfwé~ﬁf,%@@@%
5® BLE 2% ¥ F Tl
Fr gl Twd) L& @&i X5 2 ET 54
723575, %5745 BLE A% ¥ FORMHIZE ) EHD
BLE X7 v ha bk bz o, LVEF LWZERESHREY

v (=1EERE S BLE A

& B

F2TRLIZEBY, ARIOEBRTIIWTHTEIRE



[EHRNIRFERIEE Vol.60 No.1 58-75 (Jan. 2019)

6.00
5.50
5.00

450
_ 400
=350
’}‘ﬁ 3.00
i 250
B 200

1.50

1.00

050

0.00

REsatEY REatEY B§EHEY SUYY
(%]

W 10Hz/-59dBm 10Hz/-63dBm M 4Hz/-59dBm

19 BLE ¥ 7 OiiEll & 5 F3iE DAL
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&4 ¥ 7L BLE 2% v 7 OFIH Bluetooth 74 7' %12 & % ¥

D%
Table 4 Average estimation error and standard deviation by
available Bluetooth adapters of tandem BLE scan-

ners.

M7 57y PHRGE (m)  FEREZE (n)
0,1, 2, 3 3.62 1.75
0, 1, 2 3.64 1.87
0, 2, 3 3.65 1.77
1, 2, 3 3.65 1.88
0, 2 3.69 1.82
2, 3 3.69 1.92
0, 3 3.70 1.88
0, 1,3 3.71 1.87
1, 3 3.74 1.93
0 3.78 1.87
0, 1 3.81 1.92
4.02 2.07
4.13 2.15
4.21 2.20
1 4.58 2.41

& 5 Bluetooth 7574 Tt Dy v 74 BLE A% ¥+ 1 Adi:
D OFH Ty P25
Table 5 Average amount of received packets per Bluetooth

adapters of tandem scanners.

TETY ZEK
0 217,916
1 181,701
2 181,490
3 188,159
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