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Study on the Positioning Method using BLE for Location
based AloT Service

Ho-Deok Jang*

8 ¥ A5F AEUAEU (AloT)9 4 58 HoRl AHEAEE QPd, Bl 9= Hopojlx] 93] 34 9 9J%] 7]
Ho] ohfRt AH|AE AlERith 93] 78E AHIAE FEEE] Yoia] Ay &9 AA" (IPS)o] TashH, WiFi, UWB,
BLE 59] F484 71&o] AEET Ut} AW = glojg F4lo] 7Hse BLEE AH[EOR AlA, HIZ 59 o
g AFEQIEY 43 X0 F8E £ oA Al S5 AT 7P Ajdst R84 71& F sfdelth BLEE RSSI
(Received Signal Strength Indicator)& °l&ste] AZE F4s5k=dl, t5F A& Hold(fading)?] FFoz QIst Al
3 A W3R QIsiA & wE $20] At WsH "t £ =RolAe 2 AHIAE AlESh] g BLE AY
=98] AAd”ol] A8 £ Qe AR &4 TES Aoy, ARETt AEEM AL HAHSE &-441 FA] Alle] A
g A5 &Y 4 AUrke= AL FRIskoih

Abstract Smart City, a key application area of the AloT (Artificial Intelligence of Things),
provides various services in safety, security, and healthcare sectors through location tracking
and location-based services. an IPS (Indoor Positioning System) is required to implement
location-based services, and wireless communication technologies such as WiFi, UWB
(Ultra-wideband), and BLE (Bluetooth Low Energy) are being applied. BLE, which enables data
transmission and reception with low power consumption, can be applied to various IoT devices
such as sensors and beacons at a low cost, making it one of the most suitable wireless
communication technologies for indoor positioning. BLE utilizes the RSSI (Received Signal
Strength Indicator) to estimate the distance, but due to the influence of multipath fading,
which causes variations in signal strength, it results in an error of several meters. In this
paper, we conducted research on a path loss model that can be applied to BLE IPS for
proximity services, and confirmed that optimizing the free space propagation loss coefficient
can reduce the distance error between the Tx and Rx devices.
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AloT (Artificial Intelligence of Things)= 7]&
AERIE YY) 91FA5 71eE AR AL uigith
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ASAE 71es B3] 4% - 9454 Aol
o2l dlSo] 7Rt A5 @ AREEY, A A

o7} 7ksd AHEB AREQIE Yo E WA U 2o
E AYECH1]. 943 AEJIEUS HgEt HHlo]
2ol £33 glolBE EER HUA AYsk=
Halolm, o] IFgoflA R, Zejo|HA] Hf, Het,
H|& 59 olgp7t EAsHA "ot old A st
7] feiA AsF AREQIEYZ HHfolA = of]
5|8 ABAE 7e= F7I6te] HolelE A2stA
=t

AREIE Y o] ARISHE 93 IBAsY =Y
o] AAAHL SFEOE QIAEHA AloTe A2
Aljog FEHT 9N, AR-ERF-T5 AX/FA/
oA dAA 0] Hopol] &&= St} tHEA §
& 2ol AREAEE THFeE AIAE ARt 423
H ol g 7Rte s kA 29T Y AHIAE F
Aglsl7] QJgt Aolrh. AHE AlElE &5 sh
Ae Fd-ERL 9ls 59 EopllA FEA ARRE=
AU 59| Alado] B4Hole), A 9] AlA
g]9] GPS (Global Positioning System)2 A12joj| 4]
Im AY A& 7K Fg=E ATsHARE LOS
(Line of Sight) &7} ¢t == Aol A= Hf 5Sm
A7} WAste] BAgeicH2]. Aol AAE =
95k= IPS (Indoor Positioning System)ollAl&
UWB (Ultra-wideband), BLE (Bluetooth Low
Energy), WiFi 59 F484l 71&E €85k it

2 =2oM= 2 AHIAE ASsH] 913 BLE
AY &9 AlAH] A2 &4 o] HE Hoks o
Tt} Al X159 79l RSSI (Received Signal
Strength Indicator)E ©]-&3F BLE %541 4]
Atel9] AdE Aoy, A& &4 BE9| AR-31t
AEEY ASE 4 A S 19 SgklA
zZ|Asisitt, A9-57t AREA Aol HHGS ol g
sto] &4l A Alo|9] A *AME Altstar, gt
T /A BIE ERIsIt) B =59 A4 oSt &
t}. 27 AW &9) 71&oll4 WiFi, BLE, UWB F4%
Al 7leS 8T AU 59 71eS ANE 3%l
A= AQKRE BLE &9 71& 8 HHE A9, 4

Folre 7 2oE AN

2. U £9| 7I=

WiFIiE o] &3t AU &9 AA"S AREE BE
2 5 WiFiE A¥sk= tst 717194 AP(Access
Point)E &-88 4= A|TE 10m Welel &9 A&
7L QJar ohE FAEAl 71eT) BlasiA e
£ AHH™Eo] At UWBE AAIECE A9 914]
ARE S0 5= lojA] HAREe R A FH5)=
RTLS (Real Time Location System)°ll Z-&%1 9}
o} RTLS 7l&2 &1, FAnA, ¥Y 59 A= ol
Al Abolu AFRS 91X 4o =2 FoEE AT
Sk A 7|9k ABAL] E91E sl ARSEl= UWB
+ IEEE 802.15.49014 EF Y& st ot
HRP (High Rate Pulse) UWB E2|4&S A5,
CCC, FiRa AAAIY, Apple Nearby Interaction©]
Fofstar Qiok. UWBS] &9] W2 TDoA (Time
Difference of Arriva)®} TWR (Two Way
Ranging) 7|&<S ARESITE UWBE A 718 54
71491 TOF (Time of Flight)E AR&3t9] 10~50cm
9] A AE AlFst] FEtt HAE AT 5= A
TH3). UWBS] AUsk 59| Ages ol8sto] 714,
B, Fa 59 AEE WollA AL, A ], o=
A 59 AXE 1 2 FHT & Qiok BT A,
Rt 5 AR AR E melste] B4 ARl tigE
AU AY AoE Adsts T Pd-EeE Fofof A
&2 & itk

BLE #4184l 712 ohafst AW 944 715t AH]
20] 84 4= It} BLE 5.0 oA A4 B4l
Aot AEEHEE /e 71« 4ol BLE 5.1
ASEL, 34 A, e & © AAdsielL,
AoA (Angle of Arriva)@} AoD (Angle of
Departure)S A ¥sto] EFEA AFx|9] 4157} ojr]
oA =4 HsA ol 4 SItH4][5]. BLE 5.1
9] I T B E L8oMd ot 94 sk
ME|AE AT 5 Qltk. BLE 5.2% ASLr9l B4
AZE Fagelesty, FgH HS 7s2 AT
o &3 97 B E fAste] HojEE AAoA
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5 AYY T2 HE A 58S 5
UEE Btk BLEE o838 94 719k ArjA= AR
7171, AEL =R AR AXE AAskar =45t
= AulA, Ay 2 oMY (navigation), 020 (Online
to Offline), X 2H4 (Geo-fencing) 52 &4 Al
H|A7} tiEA ot}

3. BLE &% 7l 731 4H

BLEE 83t AW &9 Ala”oA= Al B
H|E (beacon)& AMESH] AWEE, 11 59 £F
A 71715 ARt HAE oefgith AlAoA 5
At A Holg Ee= H]Eo] F7]H0E ALcl=
A Holg= Al A &9 AlA" E= RTLSY
A ARof|A EA5H] WS &0l JIXE 4
AstA =k BLE #4484l 7I&oAe gedes
WiFi 7|&2¥ 4241 415.9] %=1 RSSIE o868t &
A WS ARSI RSSIE B3t A7 42 A
37+ B4 A3t (free-space radio propagation) X
43 27 Al A& &4 (logarithmic distance
path-loss) RE2 7T 4= 9Jon, A u]|Ao]
A9 QA 95 FHo= st tFEY AW 59
AARO|A AR ED Qltk. 271 A B2 &4 1Y
2 A% Ao 2 RSSIE 1m A4 2] RSSI %
oA AL Azl 23k 10~408] AAI LGSt Hl
Aog Uehdich 271 A & &4 HdS E8s
o] A% AYE AXHAE 5.4m oIt YA 2ArE

7HAIA ErHol.
FASA ALEelA A= S Frils A4S
Q-

d=— o)

rot

B 12 S A=E 5743 BLE A4 59 Al2"
o] 241 Aot ths A= Ho|gda 22 A} 8
off wepA Hofshke 4l 9] WeE ERIsh] 9
8 2agh g S ARSI S ARt
3m% wf, 4l A2 -80 ~ -64dBm HLIolA ¥at
st S92 -72dBmeoltt. A =7t 6mY
Al g2 -85 ~ -70dBmlE FAash, FHgR
=77.5dBmOIt. & A27F Om=z solud 4l A
2 75 ~ -92dBm WA WS =W, FH%k
< -83.5dBme] Hrth.

H 1. BLE AU S| MNARIS| A T2 (F8Z)
Table 1. Received power of BLE indoor positioning
system (measured value)

Received Power, P, [dBm]
Distance [m]
Min Max Median
3 -80 -64 =72
-85 -70 775
9 -92 -75 -83.5

A1t AREA Al A 15 o]&sto] ALt
Al AR Afo]9] A S HAdlele FOE
FEgit}. 2.4GHz 3k 92 ARESh= BLE F41
59] 3PS 0.125mo|1, BLE 5.1 EZHAIH &4
g2 2.5dBmOlt}. 6m A5 AgoA 2357t 73
224 A kE &4 ZA Aol AR °AE X
Aseles Akkshd 4241 HEo| gk -70dBmY
o 490]0, Z9)gt ~77.5dBm¥ w 276°] €k X 2
£ 541 A Aol9] A7 oS AKKSE Aot
k9] grol 4991 3% 441 AgQ] FdigtolA 5541
x| Afole] Al @a7} -1.7 olotE HATE X Agk
oA -66.57HA] AAA Hret. k9] Fro] 27691 -
S A 9] FRAgholA & 5241 ] Alol9] A @
ZF7} -3.0 ofstold, HagtollAls -22.82 k9| Ftol
49 wio} HlwslA R oR @apo] HApr} Atk
£ A4S € & Utk w2t o A& Holge ozt
41 9 H3le] g E017] A 41 g
Z9gkolA A3t A2EA ASE ARES|of Stk
AE 4 A8 FAES ARgoto] AR & 5241
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B 2. BLE AU & AAEO &4 HX| M0[Q] H2| @At
(g k=49, 276)

Table 2. Distance error between Tx and Rx of BLE
indoor positioning system (calculated value, k=49,
276)

derror [M]
Distance [ml| P Min | P, Median | P, Max
k=49 [k=276| k=49 [k=276| k=49 |k=276
3 -160| 50 | 45| -02 | 00 | 17
6 -277|-82|-82| 00 | 00 | 35
9 -66.5|-22.8(-19.4| -30 | -1.7 | 45

4. 78 A

I 3~5& 4] 12 o]85to] AARE BLE AW &9
AAH] &34l 2] Alo]o] Aglolth. L4l o] ¥
Slof| wetA] AL &-4241 A Ale]9] A7 &7t
A7E & 32 A3t A2EA A9 o] 310
2l A9olm, &4l FA| Abol9] A7l @37} 3me
A -1.8m ~ 4.5m, 6mOllA4] -3.6m ~ 7.4m, 9mof|A]
~4.8m ~ 21.0m YA Hrh= 2L & 5 St
B 4= A3 AREA A gho] 27691 8ol
o} &4l AR Ale]9) A @47} 3mollA -1.7m
~ 5.0m, 6molA -3.5m ~ 8.2m, 9mollA -4.5m ~
22.8m HAYSHA "k & 5= A9-37 A28 A
=9 gho] 49091 Aot} F-441 ] Ato]Q] A
227} 3molA -2.0m ~ 3.0m, 6moJA —4.1m ~
4.7m, 9mollA -5.6m ~ 14.9mo]|c}. webA &A1
A Arol9] A7t 9m ofsk]l 2ol 7k 11 A
% A ImollA 41 A S AREste] A
3Rt A3-371 HEEA AE H85HH ALlet As

7|2|9] HejEo] fasH Hoe AZ & & 3tk

H 3. BLE AU 59| AIARIS] &4 HR| A0|9 2| (ARt
Zt k=310)

Table 3. Distance between Tx and Rx of BLE indoor
positioning system (calculated value, k=310)

d [m]
Distance [m]
Pr, Min P, Max | P,, Median
3 75 1.2 3.0
6 13.4 24 57
9 30.0 4.2 1.3

B 4. BLE AU 59| AIARIS] &4 HR| A0|9] 22| (ARt
Z k=276)

Table 4. Distance between Tx and Rx of BLE indoor
positioning system (calculated value, k=276)

d [m]
Distance [m]
Pr, Min P, Max | P,, Median
3 8.0 1.3 3.2
6 14.2 25 6.0
9 31.8 45 12.0

B 5. BLE AU 59| AIARISl &4 HR| A0|9] 22| (ARt
25 k=490)

Table 5. Distance between Tx and Rx of BLE indoor
positioning system (calculated value, k=490)

d [m]
Distance [m]
Pr, Min P, Max | P,, Median
3 6.0 1.0 24
6 10.7 1.9 45
9 239 34 9.0

9 1~32 4] 12 o83t AXkt BLE A4l &
A ALE Al FA Aol A7 RAME HolE.
a3t AREA A ghol 3109 B, Al A
29| Sk 7122 9molA FHH -2.3m AP7F
At A8t A=EA Al ghol 2769 A
A A SR 71€2 = 9molA Hdf -3.0m 23+
7b ARt A8t AREA AlSY grel 4909
drole A A8 S 7122 omolA ]

5
1.5m A7 ettt =41 42 wejo] mEbA &
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Fig. 1. Distance error between Tx and Rx of BLE
indoor  positioning  system  (calculated value,
k=310)
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Fig. 2. Distance error between Tx and Rx of BLE
indoor  positioning  system  (calculated  value,
k=276)
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Fig. 3. Distance error between Tx and Rx of BLE
indoor  positioning  system  (calculated  value,
k=490)
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