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ABSTRACT

In this paper, we propose an intelligent hybrid
indoor localization system that leverages the
information between iBeacon signals and pedestrian
dead reckoning (PDR) for smartphones, especially
for iPhones. The iPhone exploits an improved PDR
to localize itself, while incorporating iBeacon
information ~ for  initial = location  correction.

Experiment results inside a typical university

building show that our proposed scheme is more
accurate and robust compared to the conventional

schemes.
I.M B

¢ (Localization) 7]%2] 3=3}el| me} Aol
A AR 125 AR R 23] $1%] 7]HE A
H2E Algshe 77k ] 28Ea glrk A
29 71s2 A F7ellA] dekel A Als g AlA
A5 55 AR 4ol =42 AAE AE5H0]
3 AESA| Al A B gk FTellE o
A &&e] =32 A7}l Bluetooth Low Energy
(BLE) Beacon< &H4-3] Room-Level &¢| AHUEE
2= 59 7MES A 9l

B ol e antEE ulEkE 3 34 {4
(Inertial Measurement Unit; IMU)S- ©]-85H= H.3)
A} 3= 3 (Pedestrian Dead Reckoning; PDR)¥}
Beacon 4% 7|HF Ad] 59 7] 35 ¢ A
T T HRekE Alglgltl BWE], amfEES 2A
iPhoneS, o]oll t]-$-3= Beacon>.Z4] iBeacon<
AREEE AA| S9] AlmEls s, o]F Bl 71

ool A TREA] 222 iBeacon Hx] #4|, PDR 3A¢
714, 53 91x] FA A HAsh=E oAl A AE

A A&

II. iBeaconZ} PDR 18 Afgt

glal F& dlo]elo]2 Mk Al A&7} FroiA]
Al =, slelB= Z9] 2 ofd]] 7Hkgk 9% F3
A5 e o] AXMAE A 2713t
4, PDRE ARSRE 914 74l 34, 78A1El S35
A3 913 WA Ao AHedg 4 glck

D 2715k 391 3 WA A8 7ssk N, H
iBeacon Al&5 #-g3ed A=k 9)A] P (z,y,) & ©F

iBeacon®] 7] 917 An W ol Agehe oz
=

% o] EE-E 2000d% TRl lEguEA e ARl B paleie] AQE wo} SaE 79! (2020R1A2C2010006).
¢ First Author : (ORCID:0000-0002-8477-4104)Soongsil University, School of Electronic Engineering, tuanvyduc @soongsil.ac.kr, &}

A, FAE

°  Corresponding Author : (ORCID:0000-0002-4722-6387)Soongsil University, School of Electronic Engineering, yashin@ssu.ac.kr,

Au, A58

*  Soongsil University, School of Electronic Engineering, (ORCID:0000-0002-9456-8603)thunguyen@ssu.ac.kr, BFA}, A3]<;
(ORCID:0000-0003-2376-3636)kwansk93 @soongsil.ac kr, SHJ(AAh, 831
& 0 202101-024-C-LU, Received January 28, 2021; Revised February 1, 2021; Accepted February 1, 2021

536

www.dbpia.co.kr



=¥ /iBeacon Al WAL E3 ~AvlES

r}u

71 A 29

(lr v

IO’yU Eﬂza’z ) (1)

3714 ;= A 7158k iBeacon?] 9%, 5, A%
7o 7hA|olek

2) 91| el B k =AM F j‘_ AR} RE
(Stride) 2} IMUS 53] 245 w3kt o, 5 2143}

of, #4950 913 Plapy) = r4~J+ 3ro] YAl
Py =P 4 M sin(a,)  cos(ay)]” 2)

3) $1x wA4: 2 ZE| (Particle Filter; P+
PDR2| A3} (Drift) 4 2212 Zo0]7] 9l3) AL&-3}
= tEAQl WAtk P(xy,) FHA EAlsk=
Nl A 2, = [2h,y,]7 = ©)% Adejel w2 wpek

o we g o) 9137} A

z, =z}, +N\sin(ay) 3)
y;f :y;%—l +)‘kCOS(ak) .

slo]B2]= iBeacon/PDR 7|%-S Alfje]
iBeacon 7N57} A& w Aol Askd 4 3
iBeacons 7140 ® uljx|35)] o]} 2o FA|
g 4 9lck o] wf, 2% iBeacon Abo]ollA] ZHie
WASHA] 9 SAlol 503 A|YE HAEA| U=
iBeacon®| Wiz ] 3}sljo} ?ﬂﬂr

AREARY olF A7t 711 4§ PDRS 5%
9] AFg=E 2] H?SHH IMU®] HFFE 1|
o} gk Ak Al zm'oll A= Al sh=sofolA] A
Aol 71 dlolelE AR 5= glo] IMU AlA el A
HEASH= Raw H|o]E]E PDRell §1&gkt) 53], IMU
dlo]e]E& PDRO] Aglst siHEghe = AM8slr] 913l
] 2324 (Local Coordinate System; LCS) S 715
o2 =A%l MU s A9 FH3EA (Global
Coordinate System; GCS) % W3tsjlo} 3}3, LCS A}
oAz WEe} LCS 71 WE| S AR5l GCS
B AERi) w3l 7 g Wl kellA zelE ez
Z ooz de ksl LAl WAlo R e ol

Nlﬂl ;_/ o
Y

:oé
_mi—mr

d

-

o

2] e A-83lod, okt 2ol A1 <d#kel] &
#ate] olg A7t 21 Agell= oAl Wk o
=2 ot}

a, =Llah+(1—£)al. )

. Mok stol=2|= &2 J|-

Beacon} 1Phone Afole] AL AHRE AlFsh=
2 Appler}2] lolAls 2 gls &
3 7PdEl BLE 41 A4 dlelg] 41 7]&o]ch
iPhone> A== vl iBeacons TH3l7] £l
iBeaconol|A] $Alsk= F3 FZ  (Advertising
Packet) S ARl 7 7x= a8 13} 3tk
iBeacon¥} iPhone 7} A& FAS] <,
iPhonedllA+= 1%l 3 7l =4l AR F
iBeacon Contents o &A= #3 AR
(“Measured Power”)S &-835lo] RSSI (Received
Signal Strength Indicator) %S X3l <UHA
(Proximity) #A|3%& 53k}l I3 2+ iPhoned}
iBeacon 7Fe] 33} 2|4} #2] (Ground Distance) &
FAs7] 9Jell, iPhone 7 AFE3| RedBearA}
iBeacon *|¢] RSSI &2 38 235 =A%
Pl o] AzlE wpeto g 3 1404 AEgk 4] W
55 221314 Beacon®] RSSI #ke] #$lel wp <l
A A %S vE 7o ® WIkslg] o, dqmu,,,fa‘ -
3 WS ¥ 3olx] EARBIATE Alse] AR &
AL AE A Pol| oEstanzg, A A= v

iBeacon 7]%

Manufacturer information iBeacon contents

Company | Beacon | Proximity | Major Minor | Measured

Flags | Length | Type D type Uum number | number Power

a2l 1. #3A9l iBeacon FaL HF FX[2]
Fig. 1. Typical structure of iBeacon advertising packet[2]
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Table 1. Classification of iBeacon proximity zones

iBeacon RSSI Ground .

Jone range distance [m] Confidence
[dBm]

Immediate | (-65, -56) <0.5 98.0%
Near (-76, -66) 0.5-1.5 95.0%
Far (-94, -77) 1.5-4.5 83.7%

Unknown <-95 >4.5 78.0%
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Fig. 3. Calculation of ground distance between iPhone
and iBeacon
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