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Abstract: We propose a novel indoor localization method that is robust against failures of Bluetooth Low
Energy (BLE) beacons to achieve beacon maintenance cost reduction. The electromagnetic environment
often changes due to beacon failures such as lost or weakened signals and this causes degradation in the po-
sitioning performance. The proposed method addresses this by suppressing the growth in positioning error
even if some beacons in the area lost or weaken their signals. Experimental results show that the average
positioning error by the proposed method is 1.91 m in the case that 4 of 12 beacons stop sending their signals,

whereas the error by an existing method is 2.48 m.
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ture for a target area.
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Fig. 3 ALF flowchart to localize current user position.
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DRSSI LEFKT AL, A LIZBITLBLEY 7 b 25D

2 PRSI O Bluetooth v 7k v bR FF 4 812 & o TEHIE 5
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EHETDORBIEI D 2D 5. AFn 3T OFHEFEER TIEREERY
ICw=3&L7A, 714 FTIEOHEYZREICHEL s
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7272, TRiZBWT, node(b) 1X, BLE ¥ 7 b 2¥iiE
SN/ — FONTZ T &) AL T 5.

node(arg max M A_RSSI, ;)
beB

if maxRpg > th
null

MA_RSSI,;, =

s_node; =
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3.3.3 RRZEHE%EIRE L /= Finger Printing

HAREFY O KIEDBE th LT Th - 7286, ALE
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&, FEEN 7 MV ORICEHENIC & B AEHEE R OET
IS B 72012, BEEEEIZED & Finger Printing @
BRZEHEZRET 5.

WREMOWREL, / — FEZBET L7008 E R
BPRER &, ERTOWAE / — FABE) L7z L fHE S h:
Rl 20 & BUE £ TOREBFER 0 2 Hi$ 5 2 £ 12 &k o Tl
Y5, M4 zHCCEEFIZRT. M4 DFITIE, ALE
W&o T, B tIC/ — FANBE LA LHEsniad
%. ALE 7°W:%) ¢ 4+ 6 12 Finger Printing (2 & - CAT @
ETABICIE, BRGS0 OBIC/ — F A S BEITiER
J = FORIZBRE L T kLB EE1T .

3.2 WD B TR L I, ALE TIET v VIZh L
T/ — FEOWIYEEI I AN E LTSRN T 05,
Iy YDIARMNe NOFHBEHE o THRET LI LI
LoT, ZN60 /) — FEZBHTA7-0IC0ELE END
PR DSEIE R T H . 72k 2 4 O EERISR LT
MEALETIE, /= FA L/ —FBOMIZIE Wap &
WY TARMPHZLENTWE, /= FAD»PL/— KB~
W) 2 720\ B PRI Wa g /v THINTETH
H.o B, J-FAPL/—=FCOIIHIZ1Ky TTH
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(WD ey Qume

et BB BB L k5 R

B WA7B/U
(Wa,B+Wg,c)/v

(Wa,p +Wp g)/v

(Wa,p +Wp g)/v

(Wa,p +Wp,g+Wg,r)/v

>
o " O Q

4 /= FADPLE — FBET 5720108 L 7 5 IR
Fig. 4 Average time to walk between node A and node X.

BCcaw/ —FIZELTIE, F427AIENT DL
LIRS E R R TV T) A AR W TRANTI A M %
KO, BANTA N FHBEHEECHRETLILICLoT
VB R EZ RO 2L LT 5,

B 4 TR LG LRI L CREICLE L %2 5
A F L Db 00K 4 THOETH Y, T
3HIEHDEA 0 % Flulb /) — RSB RER ) — FTHh 5.
ALE TIZZFNSD /) — FOREWNRI kRO
HEIT).

4. FHE - ER

WRETEOGINEZ MRS H 72010, EEREIREIC 1210
DBLE ¥ /5B L CEBEEZIT-7-. T TFHERZE
1T\, 3.3.2 THTiE-X7z Proximity Ol th % Je L 72,
RKIZ, THERTHRE L-HME th 2 T, #REFLED
i B 2 BFA L 72, TIRSEBRAS RICBI L TId 4.3 i T,
REFHOMEEEEFFAIERR IS L Tld 4.4 HiCTHEL <
5.

4.1 FERIRIE
REBTIEIBLE ¥ 7& LT, R&HIFML A7 47
¥4 » @ BLEAD® **% i L 72. BLEAD (& Apple ®
iBeacon® [18] & LCEIES 2 BLE ¥ /' Th Y, €DT F
INF AT Ty M EEMBEIE 100ms THA. 4 BLE
¥ 7 aE S 0.8m OO RICEEE L7z, BLE ¥ 70
SINZAZ TR % Ml - WINT 2 X9 W EEE LTk,
M2 EAERBEOT) 7~y TL 7T IHERELT
W5, REBRTIZI12MD BLE ¥ 7%, 4.4m M T3 x4
OEFIERLEHIICEELL. STy VOITAMEL
T, BLE # 7O — 27 v Nl 4.4 2 5.2 72, KRS

*3 http://www.houwa-js.co.jp/index.php/ja/products/blead
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IRBIREERZ D & 9 7% BLE ¥ 7 % BUA R E T 5 KM
BRSO 7y FEMEEL TV,

A EHEE RS IRER & LT, SONY XperiaT™Z2 Tablet %
FIH L7z, OS 1 Android 4.4.2 KitKat T& 5. frEHeE
XFEIGRNTIE, BLE ¥ 7 Ok3I+ - RSSI - BHllEL o 3
D%ty bl L, BLEFHIIE 7 & L CRLékd 5.

4.2 FHMEAET— 2 DINE

F9IEE/ — FIZBWTBLE 5Hll0 7 % U4 L, Finger
Printing (2817 % k EEodl#pl = ek L7z, &%/ —F
IZBWTC, ESNZBLE ¥ 7O (BLE % 7 % Huls
L, B2 A= PVLINOI ) T) TH 60 RN EHE
ERFmAICEL o TBLEFHIIT 72 NE L, #Hohizn
FIH LTI 4 Y RO 1T EICAT A K4, HAlE
By et L7z, ERLOERZ $XTO ./ — F TR D R
L, Fs & Em L7z, & 2T L 223501, Finger
Printing 12 BT 2 &EHE~ v TITHYET 5.

RIHEERE X, MEH R R e R L 7o 9T
U 7 A& [ L, BLE GHllT 7 OUUE L SEh L7z, [
LT,

e A,B,C,D,H,G,FEILJK,L
e AE. I,J,F,B,C G K,L H D
e A,B,C,D,H, L K,J,LE, A
DINY = aFEL., TNEFNORTIEN 2 2B
5/ —=F&ET., Lid3 /X7 — v oRERKE 5 B3O,
515 o[ &7y, 993 4.3 Sio P HEBRTHHT
% BLE fHllu 72 U4 L7z, RIZ, FF 15 [H ol = FE
FIRRICES L, 4.4 BiOFHFER THMA$ % BLE 5Hilln 7
ZINEL 7-.

FzEpT ) 7REPICIE, % BLE 7 ZICREL Lz E &
IZZ DR L BLE ¥ 7Ok Sz /) — Nl + z 5l
L7z, A7 — 7 2 LT — % LI, [ IR
BT L 72720, ERT— 5 2RO L) ko 7z, B
Gty 12/ — Fn, CEMT— % %508 L, ROGCFEAIH
ty T/ — Kny TN EWET L. ZOGEEOEY ¢,
(te <tp <tp) BT BIEMR/ — F conodey, 1 TFRIAD &
IS .

te +1p
2

c_nodey, =
n, otherwise

{naﬂasus

4.3 Proximity BHERTE D 7z O FiaxEER
TR Z EiE L, 3.3.2 HTik-~X72 Proximity @ Bfl
th % —62dBm 2P L7z, RETTIEEH L 72 PiRsEbk s,
BfH th % —62dBm & L7zEHIZD W TR 5,
AFAHIERTIE, BIE th 25 Proximity DAL EHEE HEEEIC
5.2 52 iRA Lz, Bffith % —70dBm %5 —50dBm
FCTLIHATESE, TNENOMEIZBIT A A EHEE
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LAY z
Ko 115 =
< , - #
4 06 N BAE —o— b
= ) mRE e |, W
[ ‘ FE A i
= o4f | POpEREEE e i
?E R 05 ¥
m 02 » S

0 L 0

70 -65 -60 -55 -50

BB [dBm]

5 Proximity (Z38F % B & A7 & e G
Fig. 5 Relationships between threshold value and its position-

ing performance for the proximity method.

REx Sl L7z, e oEme LT, #a%E, mH
OFEAHFHAEL. 22 TOWEELIE, Proximity 25H
N L7-ArEdEERl s e Lz 20, EREEOHE
ETHAH. MHELIL, KRVATLPHNIREELKE
e Lzt &0, ERLNIFOEHAETHL. FIEITHES
HEHEERORMATYTHL., /2, ZEMHEE LT, FH
WA EMAFIE L. 22 COFREHEEAEH,
RSSI 25 th % 2 Proximity 12 & - THfE/ — FAH
NENGEOHERHIR E L, RSSIATEIE th 28 2
FUAE S — RO SN Lo 72881, FHllxTg s Lk
VR SCCIR TR ERR AR B 2 TR X o TR
07z,

1 n
E=- E dis(ale;, cor;)
n
i=1

Z 2T, nld Proximity (2 & » TR EHEE AT DL HEEL
THUY, dis(ale;, cor;) 1 ALE 2K BT 7 — Fale; £ 1E
/) — Rcory bLDL—27") v NEETH A, ale; D xy JE
% (ale;z,ale; ) & L, cory D xy BEEE (cor; 4, coryy)
L5 L, dis(ale;, cor) T FRLOATHZ LN,

dis(ale;, cor;) = \/(alem —cori )2+ (alej y —cor; ,)?

X 5 ICRTVIERRFSHRD 7T 7 ZIR$. —70 < th < —61
DT, M th # KE LT 510> THAEEI L) F
HEBXOFMENEAT L. T/, PR
B3 LH. UL, —61 <th< —54 OFPHIZBWTIZ, @
HEB IO HECRARREILE L Twiw., Thid,
BWERIIY AT ANMD LA EEEn e e LTh
D, BMEth 2 RELTHIZLIZX o TRHED WD Lok
R, BRORES ZICL B EHERY ORENRE (EN
TLEo72720ThAH. IR LT Ffk
DT, —61 <th < —54 O THEFKAHILD.

4.2 Fi ClR 7z OHEABE O 2 s 5 Z L 12L - T,
WAL X O e A mEE IR L i X )& LR
%z EHITRETH S, LM LARRHLTIE, LitERTHES
NHBEEPSHEEZIET A L L, BRITFERL T
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W, S TORBRIIAR Y AT AT TRE [
WK E LTHY, EERCTHE e TR R
BIEO KNI L 2RELZ TRV THb.

B th IIFFHEL0.18 2 TR S A VWHIFATRAL 25
IO BMEERMAL, —62dBm & L7z, FOBHICOW Tk
~N%. BLE ¥ 7 OHE % i L7z & & O A Proximity 12
Lo THRAT 5 &9 B, BEEPEFITH N &2
W END., KATPEROMBERBTIL/ — FH D 4.4m
8 08m/s TRELZ/20, /— FEROBEIZIZHN 5.5
(=4.4/0.8) B2 5b. $4bb, 55 WHETBLE ¥ 7
DEEZBEBLI-ZEERD, ZOBRMOMA%E Proximity
THAT S &) ZBMEERHT 5 L, 121 R ERE
*EMT 5 ALE T, HRHIIEHHEES0.18 (~1/5.5)
Eh. BRI th OB E b WA LT
BY, th=—-627Ti30.21, th=—61TIZ0.17 TH - 7.
FREOBHIZE Y, ARFIETIRBIE th = —62 ZERA L 7.
B, th=—62 & L7-& EO@EEIT0.94, PR
ML 0.30m TH Y, FOMEHEERIZIER ICE.

4.4 MEEMHOFM@EER

REFLOMEENEZ S 5 720 1I2FE i L 72EFR L,
ZOFERITOVTHRD . ERBFERDNS, ERBIARE L
%572 BLE & 7 OB L T b I it 2= Mk & 1)
HTELZL2MHRL.

AREHERRTIE, BLE FHllT 72555 % D BLE ¥ 7 2
LREGEINIEROTTOMEERETRTHILICL-T, #
P12 —H BLE # 723 L CEENSEE L BLE U 7 %
ERCL TR e RE 2 3R L 72, BEE D35 /E L 72 BLE
Y 7O E 005 6 DDOMTELSE, (EHEEkESE
DEINCEALT B e A L7z, 120 BLE ¥ 7 OHh T
n 8O BLE % 7126 L TREEDS AT SR 2 e L7z
Wi, TOMETIRIEIT 12C, @Y PHFET S, K%
TRENS LNy — 25l L 7-.

BLE ¥ 71254 AREEE LT, REBRTIE (1) Bkt
KT, (2) B EL, ©2 0% in%e L. Bk
HE TSR3 2 i BB O REAMAS 1% 4.4.1 THT, B
IR B TN S DO FFANAE L 4.4.2 THTHARD,
4.4.1 ETFEHHNETICIHT 2 MESE

FTRTOH BLE ¥ Z DS IEHICEIEL TWAIRREIZBWT
INEL7ZBLE B 71 L, —#d BLE ¥ 70 b5E 31
7o DRE % 15dBm §5< 5 2 L2 X o TEEH K
TLTWAREZFUWIIER L TY I 2 b—3 3 VFFHli
ZFEML72. 15dBm &) fEIE, K [9) 22 IC L7

X 6 IZEBRKGRERT. M ERLI2MET L7 BLE
7O, MNP e AR (X — y) 2RT.
FH (1) 1 “BfEDH D Proximity + #£2EZEH R E Finger
Printing” TH Y, KW LIIBITLREFLETH 5. LK
FHBO 7201, Tk (2) 25 (4) OFHED EfM L 72, Tk
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Eod

L EE R [m)

Tl

0 1 2 3 4 5 6
BEIRHAET UcBLES V¥ [f]

6 \HHENET L7 BLE ¥ 7 # & @ EERE

Fig. 6 Average positioning error for each number of weakened

beacons.

(2) & “Proximity”, T+ (3) I3 “Finger Printing” T® ),
(2) & (3) ZBEAF DO BNALEHEE FHEEATORHTH 5.
Fik (4) 1 “BEid b Proximity + Finger Printing” T&
D, (2) & (3) RMABGDETETH LN, T (1) LR
% ) Finger Printing FEIZEEZRZ2M DR & S0t L 2\,
(1) 25 (4) DEDFHEIBWT S, BREIPET L
BLE % 7 OIS 2 125 - T i 2% B e 3 5
MLTW5D, 72 LIREFETH S (1) Tl&, 220 BLE
¥ 7o DBEBHNIET LEEEIBWTYH, FYite
PAEMEEDS 2m LTSI 5N Cwb. ALE OF 7% 21—
A — ARG EREN T OME BB TIERRETH Y, B
RIGIIE, 2 —FHaT %@ L7z L 2 IS ZOMICEE &
NTVLREMEBEL Ty Ty e 2—FIZRET 5 &
A BEMEEMEELTWAS, 2m X ) KE B EHEESEED
SEM Loy ty, =Nl L 7T &3 R e A WA E
ENTWEEmEREE L2 v 7 v U2 EE S ARt
BHY, T-FORILEF L. T (2) 2256 (4) TlE, 22
D BLE % 7% 5 OBEHE B TIAMET L 72856 (P07 i ¥
ERRAEDT 2m A LTV,
4.4.2 TREHAEEICHT 3MESMH

RIS, YIRS R T T B S A A %
11572, —#® BLE % 72253818 S /-8 % BLE 51l
07 hPoHIT 5810k oT, BUMICERLIELEL
TVARRMAER LTy I 2L —3 3 VElid Eh L 7.
KRIECTOFHLFERE TN L7z BLE FHllE 71%, 4.4.1 HO
FHEBRCTHEMA L2 BLEFHIID 7 L A—DbDTH 5.
RERZBLC, METHEZHEATLILICLD, 4200
BLE % 7 DBEREFBINARE L % o 725 A 128V TH Y
e E 2m LFICHIZ 55 2 & 2R L 7.
B 7 \CEBRERE R, M ERENARE L 2o
BLE ¥ 7 0¥ %, #EIFHHEEismug (x—by) %
FY. 441 HEF LT (D) 25 (4) CE L CGEEliz/T-
72, (1) 25 (4) DEDTIEIIBWTY, EIENARE L
% 572 BLE ¥ 7 O8N % 124E o T HE g s
HEDSHEINT % 75, Rim X CTORETFTH (1) TIE, FioHe
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FRAEEEEE [m]

Tl

0 1 2 3 4 5 6
BEIREBURINEE £ 12 o IcBLEY 78 fE)

7 EIEBUHARE & 22 o 72 BLE ¥ 7% & AL e e kg

Fig. 7 Average positioning error for each number of inopera-

tive beacons.

AN EE OISR DES N THL. §XTCHOBLE ¥ 7
DEEVBHCELLE, Thbb, BEIIREIZZLAI
WIEEIZBWTIE, (1) 1.37Tm (0 =2.43) & (4) 1.45m
(0 =2.45) PRIZFAGOMEREER L. BLEY 7D 1D
DEHARRE & 72 o 7208, (4) TIEPHEE RS 1.74m
(c=254) &2, —RKI20.29m BhIL7ZI2d b5
T, (1) OFHHEERANHEL 1.39m (0 =2.45) THD
0.02m Oz Sz,

(1) Tid 4 2D BLE ¥ 7 DEEFBNARE & 7% o 7256
ZBWTYH, PSS 1.91m (0 =2.65) 1Z#)
2N, FNUX LT, MoOFHETIE2>0 BLE 7 7
5 OBWEHBINAGE & 72 o 7205 25 TP E A TR A
2m % LT,

4.5 ER
4.5.1 RT3 X MHIERIER

REFELRZEH LIk o T aN S, ALE &
FHAR R OS2 2 MEIERIRIC O W TERZ RS, 2
FFEL o T, ALE OB ORF I A b % 33~
COYRRIEHIR T E 2 2 LIRS N 5.

ALE %383 2 720\ EHEE I ) 7 IS
B L7 BLE # 72, BERLZ WY A 2 ¥ 7 TREN
ET A, Lo LA CTIEHEMIZ, BEEDEA L7z BLE
y 7O Y AT 2 RN L THIB IS % &
WET 5. Tz, AT LEMMM A, FHHEEREN
MEAS2m 2B LA IC BLE ¥ ZF ORSF R FE_T S &
WEST S, FEFMOb &, BEENE L BRI BINARE
oL, BERIIMKT LG ED 2 80— %
MEL, I MIFRE RS - 72,

BEfF T4 ClE, 220 BLE % 755 OB DB
L oo b SITPHEERERRED 2m 2R T 5720,
ZORICRTEERT 2LESH L. LI LAHLTD
BEFLELZEHTA L, 2250 BLE ¥ 75 OEIEIE
HIARRE & 7% o 72 & & TH PR EAAERED 2m DUTI2#)
AoNTHY, ZORETIIIZRFEERT LLEI S
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Bt +0,

@/H\“ >y
D\ HFZt+0, D
%&Eﬁ% <I§> ALEH IR & gg%ﬂ%]/»—]\

8 MREMOMWEIZ & o TR EHEEMERED AL T 261
Fig. 8 Example that ALE cannot output the correct node due
to restricted search space based on previous incorrect

results.

V. IRETFHTIZ S 20 BLE ¥ 75 OB A RE
Epofe & F IR AETEEAY 2m R R T 5720,
ZOREHCRTEET 5 LEPEET L. DF ), KF
EREMAT 52 EICE o TRFHBEE 2.5 (=5/2) ik
MRS 2 Z EHHREE 2 Y, ¥ AT 2GE MR T o RSERE
¥x 04 (=1/25) FicWzohs.

BBV TRICE L CH MERICRED 5 &, e
AL 2m BT A O RBMAETETIR 20, RET
FETIE32THD. 2F), RFEELZHEHTLHZILICL 5
THRFHEE 1.5 (=3/2) B~LIEMHT 2 2 EATREL 7
D, YATLEREIE P ORFEEE 0.67 (=1/1.5) fF
[ P Y (I

RFEBD72OD T A MEIZB VT, AMEEIRE
#50THY, BLE ¥ 7 ON— F = 7E S RIS
WL EWMatzbbDTHL, RFREE 0.4~0.67 1512
WHTZLIZEoT, AMEET 33~60%REEHIRTE 5 2
EHIFEE NS,

4.5.2 FRTEREDEIE

O DA B HE s 2 B IR R M2 R ET A2 LI
Lo TEERMICERHEEORBZ RS T2 LB TELD, B
B ARE L7722 212 & o TH/-IC5E L -HE G
3 5. BARWIZIE, §Ro 7o R IR
wIRE L7ofESR, RN ROWIZIEMR ) — FPREEF N2 L
%Y, TORLREL L CHEERAEEMES R T 5 2 LAY
Holz.

BARFIZR 8 I2/RT. M8 ICBVT A, L IF/ —
FaegL, ZNENhO /) — FHOEREITZ y V2 KT, K
It 12 BT EHE S R AR ATERIZIE ) — N E ISR
LTW2iZb 20 b 5§, ALE 2 X A EHEEHEREA ) —
FBThose GRHE) LMET 5. KHlt+ 0, OFEH
FIZBWTIE, Wt O BIEEHETHL / — FB 25
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0y WICREITTREZ: / — NSRS % g L CALEHEE AT H
NA. 0 NICBEIMTREZEEL 1=y V9 L E L7
&, Bt 4+ 0, ICBHWRETH L/ — FiE, /— KA, B,
C, FThab. Weglt+0, ICMBEIHEESRIREN — I
BELi-L LT, HEEMEY /—FA, B, C, FIZHRE
L7z ECREHEEZAT) 720, LTsbesisb, /-
Bt + 0y (727201, 01 < 6y) IZBWTIX, Bt +60,
AHER R BRI REMSRE SNE 720, BEt+ 0,
EFREDFEGIFET B REMED D 5.

FELORMEZ T 5 720121%, Finger Printing 1ZB L
THRMEAEAL, BHINZ bV &b O FE] o fhk
DZORE% Tl - 72 ZICOAMEHEHEREZE TS
CENHERTHLEEZOND, 72, X7 NV O
S % L 723 A R O B HEE R R AT - TV b
WHREEDSH Y, Ny 2 Ty 7 LCHIBOMEREE D
HIZLILETHL.

C OMEIL, AT EHEL L2 HET — FE
BB LG EICORET A, RETHETIE, A/ —F
MaERCBETL I Lt LTWa. L2 Lkl
HENTOERO N\OBE &% 2 1256, —ERETREL
WK AT . 728 ZITHBED 2 WM OFE ) 5T
BREBEETRBIL, 0L XOBEEEX, AO—KH%
FHREEEE A T . Bk & CBEI LG, BEERE
W& BRE LA RNICBEIEOIEMR /) — & F ek
D, Lo EHEH RS I N5,

WS, BROH HEMOT N HTW - Y HEWgE,
Tbb, BEIMENSANO N FREHEE % T -
WA ICBWTIE, BEREME RE LR RNICBELD
EfR — P EENRL 2 2 LIIEEL RV,

4.5.3 BEHEANMET LA BLE 2 7EENEEM

RIZ, BEH AN LTWwWa BLE ¥ 7 ##5E T 5 T
AW T AL DOEERIIONVTIRNRDS., EBER,D,
RETHEIBRHIET L0 BRI Lk
EWDOTREH N EDRHSNII R o/, FOMEL, B
HET LCTwA BLE ¥ 770 RSSI 7%, kifEid:z k- T
MEHETERT IR/ AR oTLES7720TH
b, VAT LDERMIMKTLZBLE ¥ V%245 E 35 2
ENTEIL, FNSH O BLE # 70 RSSI % i E 12
WRWZ EIC X o T EHERREEA LSS 2 LR
ThY), FHEFEOMVIIEZRLZRETH 5.

RIEE D fEPZ B 72 - T Proximity O H 236 %) T
& 5. Proximity DBEZ EOICRET A &, REINT
BLE # 7O\ IIHVMET L 7285122 O RSSI I3 EIE
RGBT LN v, MEHEEEREE L TEHD
BLE ¥ 7 HikiE Sz / — FID 1 S e v, i,
Proximity 12 & - T/ — FID S &N G6121, 7%
W) — FICHBEINTWS BLE 7 ZIZIEWICEIELTH
D, ZONEHEHROMEEE LS. Proximity 12 & -
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16
14 1
12t 1

EIRRE(RSSI)DES [dBm]

N ]

A B C D E F G H | J K L
BLE# /DRREENTWSE/—RID
9 /- FLOBHK~y 7L/ —FL TEEHHILAHRLD
RSST 745

Fig. 9 Example of differences between measured signal

SR = T T NS S
T
1

strength and fingerprints on node L.

T/ —=FIDPENENTS A IV 7 TEEINRY ML EE
W~y TEDOESEFHET A EI2E 5T, BREIET

LTw3 BLE ¥ 7 DfEffi 2 L g Th 2 L EZ 5.

9 #HVTHlZRST. 2ok, /—FB, I, KD
BLE % 7 O&BEH MK T L TV BIRH FIZBWT, /—
FL O&EH~ v 7O RSSI (FAlFGIOTFEHE) &, #bxE
A/ — FLAERICEBN S 7-% BLE ¥ 7 ® RSSI & @
EERT T 7L LT Lz THS. /=B, H,
I, KICREEN/ZZBLE ¥ 7 ICB W TESPEETH L 2
EHERETTE, JRI2/—FB, I, KIZB LTI, 10dBm
U EDEGPRONSL., TNHESOERNIE, /—FB
I, KIZBIL CIEi%E &7z BLE ¥ Z7O&EEH IO T,
J—FHIZEL TN, A X2HKETH Y, BikH I
T B A X0 STIEEEINICITRETH L EEZD
N5, FEFMEWELECRT A T 7 OHENEZ MY 54
Ehd5b.

4.5.4 BLE % 7 OFEMAINE & EHEMEREDR R

W%\, BLE ¥ 7 O E BRI AEHEEEREIC S5 2 5
REICEHLTERT S, 4.1 HiTilh_7- X912, KREFM%E
BCIISMETER L2 Ay V2 KI2BLE ¥ 7 % #%E L
7o Lo LR O & O 28T, #HAIMYIC BLE
Y 7 EBRETE RIS EMES 5. BLE ¥ 7 O E R
WL T BT, L R ABGIASEET S, RIETI,
BAIMIZ BLE # V2B Lo 2581020 ) 55
BUZOWTERERIT) . 72720, ADSFHRBEEE CRE)
LTWAEWIFIRD D & TEELZIT, 452 HOBKYF
TR RENIEE L2V L 2 IRET 5.

UM IC BLE & 795308 SN2 8461213, mrlloie
J = FH561Fxy 7TRERZ/ — BT XTHBERE
J = F&%nhs, IFHANMICRE S NHAETIE, 61
R CBERE — FPRES NG, Z07-0, HEHRE
MMREICE LT, AAINZ: BLE ¥ 7O EICL 5T
LVREICE L e BFHRENS.

BAB12E 10 2 HWORY. X 10 oK (1) 1&, BLE
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(1) BLEZ 7 325 [ [@ T
BEIN TS

(2) BLEZZ I3 A& k@ T
BEINTVDLHEES

@/—F‘ &Iyy(wﬂiiﬁ)

H#%Jt@ R At +0 D
R ) PRI ) — R

10 BLE # 7 ERHMEDIRRZEM G- 2 2w #
Fig. 10 Effect of regularity on BLE tags installation.

5 7 ESEERICRE LK TH A, BLE ¥ 705 w, HH
THHIMIZRE SN TS, 10 OF- (2) 1, BLE ¥
7 EANERBICHE LK THDL. BLE ¥ 7 BEnEh,
wy, we, ws (W < wy < ws) ODEBTREINTNDS,
INSDBENT, HEBEIEI ¢ I1I2BWT/ — F A
LTVl d 5, Bt + 0 OMEHED 7O B ZE
MERE L72HE, w <uvx0<wy (vIZADOFHBEHE
) ThiuL, £ (1) 2B sEENR - FiE B, C,
D&7%b. L2L, £l (2) 2BV TiE, B4l t4 0 OBk
R = RIEBOAIZRESNS., TZTRLIZEII,
A% BLE & 7 OfE, HEEHDPEE &) #
HTRAMNTHS.

L2*L, BLE ¥ 7 O EREAIL L 7o 7284, &K
Yy OB T hEE RS, By 7O
WET) 7 L, MEHEERT) THIZBWT, Finger
Printing ® k L CHAT 2B~ v THER S 728
&Ry,

4.2 FiTHRR72 X 912, KL OFMERTIE k Tk
OFEG & LT, BLE # 7% W0k L2 PRS2 A— b
WVUNOYET CEM~ v 72 5HIl L7z, FHI%EERICBIT 5
BLE % 7 DR EFEIL 4.4 X — NV TH o 72720, i
EEMTY) T ORFOLGHTTEHE Y v THFHITE Twik
ZEEENT S, L2LBLE ¥ ZVORERMEA 4.4 A —
MV &Y SIEL %o 228 A ARG M 28R & M0 4 CE
B~y 7TEFHIT AL, BE~Y Y 7E2FHIITE TV W
FIOBEEGREL A, Thbb, B~y 7OMHkELT)
TR Y, KR EREEERESERTLTLE) 2
EDRREEN S, BLE ¥ ZOREBEDIL L ko728
FriZBWTIE, BLE ¥ 795 DX Z LT CERE~ Yy 70
FH A EET A LEND L. Tz, LEHEE R F R
T&% BLE ¥ 7 O¥»54 L, Finger Printing D&M 2
HW BB Z VRTINS b e, MBS
PREMME T3 2R E R D 9 5.

%P3, BLE ¥ 7 O EREIH 72 2 5 Tl, Bk
~ v TEREHITE TR W OFIGA/NS {25721 T
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Y, FIEHEEROETIIEEL 2V L P/
n5s.

5. bV

KL TIE, BLE ¥ 72 W BN EHEEY A7 LD
ST B D 729012, BLE ¥ 7 OREERERIZB VT D
EMEERREDIT 2 M5 2 & 23EE Lz, RET
#:ClE, Proximity & Finger Printing % flla &b 727
WEL IS 4. Finger Printing Rl I3HG L S 7z 3bX
[Hx W CTHEBIOWE/ — RO BETRESR / — Fx R
FEL7)RAT/ — FEEERFERT A5 LIk o T, A
EWREDIK T 2Bk d 5.

FERE COFEMERZ W LT, REFHEOERM:Z R
L7z, EFHIZL - T, 12M9% 48> BLE ¥ 7 A8k
L7235 E 12 BT O PR 2 1.91m ISR 51
5l EMEER L. FETIE 12T 280 BLE 7 7 4%
B U 7235 6 P e AR IS 2m 2 L TR Y,
HWBGEHGEERIC & o TIREFEOFRELZ R L2, AFE
ZWHTAHIEILLoTBLE ¥ V7 OBFS 14 I 0 2R
LELZENWREE Y, RTFEHOEIBANE#TE 5.

TRICARIFIED S B OEIZ O W TS, $7, Finger
Printing (ICBI L CHBMELEA L, BELE®E L2
AT OAZEHEE % <0 0 H T FEOF R D TR & 47
9. RIZ, Proximity TONMEHEEREIZ, Finger Printing
FIHER LB~y T DG EHETAIEICE ST
BB DAL T LTS BLE ¥ 7 28 5E T A FEOHR
PEIZOWTE 4T ). I 2 FEEICE L ToEMI
4.5 fiTilk N7z, Fo, KMOBEEREICKED BLE ¥
ThREEL, FEMREICBOCIRETEOAM & MGE
T 5.
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