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ABSTRACT

Recently, indoor/outdoor positioning techniques using various wireless communication methods have been
applied for the smooth provision of user Device-based LBS. In the case of outdoor positioning, GPS signal is
received and positioning is performed smoothly, but in the case of indoor positioning, there is a problem that
the GPS signal is not received normally, so alternative techniques using various wireless signals such as WiFi
and Bluetooth are actively studied. In this paper, a smart-helmet equipped with a BLE beacon and a real-time
positioning PC program were implemented. The RSS measured when the smart helmet is moved was compared
with the standard RSS of the fingerprint map Sample Point in the cosine similarity comparison method,
triangulation method, kNN and WKNN methods. In this paper, both the kNN and WKNN methods output the

corresponding smart helmet position coordinates based on the measured RSS, and the average Euclidean

i

First Author : Tech University of Korea Department of Electronics Engineering, rhkim0314@tukorea.ac.kr, SH43]<]

Corresponding Author : Tech University of Korea Department of Electronics Engineering, jgkim@kpu.ac.kr, £413]¢1
* Tech University of Korea Department of Electronics Engineering, oshl19@tukorea.ac.kr, &-413]<]

Tl E 1 202205-100-D-RN, Received May 16, 2022; Revised June 30, 2022; Accepted July 2, 2022

w3 QP AHERPIEAREAD] ARl E Qe TARe] A48 o} S35 Q174 (NRF-2021RIF1A1063845)
*

1406



=4 /BLE ¥ WKNN 7]4F o] whd Ay )%

N\

9 FAE N

distance difference between the positioning coordinates and the actual position coordinates is further compared

and analyzed with cosine similarity and triangulation. As a result of the experiment, the WkNN-based

positioning technique showed the best positioning performance in the test bed environment. The WKNN-based

positioning technique showed improved positioning performance by about 20% compared to the kNN-based

positioning technique, by about 34% compared to the triangulation technique, and by about 41% compared to

the cosine similarity comparison method. Through this, it was confirmed that the WKNN technique is a

relatively accurate indoor positioning techniques in a beacon terminal mobile environment.

.M E

F T 2~ntEE 9 oiefgt delsfE 7] 2Bl &
T BAo] dhy]Ee] ANUEHA] o]d] ulE whe]
$*] & 7|uke.Z 3} LBS(Location Based Service) ¥
A 7|sEe] kel Ak Rolelld A= 9lrh
LBS W= A A9 49 2 A 4o 274 = v}
izl 23 12 LBS Al2=Ee] AYxs Jehd
Zolcl. Ae] dode] =% 7]%=EA GPS(Global
Positioning System)7} 7}g vk o2 2853 gl
om Ay ddellM= GPS A& g4le] Bl s
uFel] o HhAle] A8%l 9)x] 2] 71 HEe] 2
Qb

Azl A 91F] Z¢] 7 7|EEA U] AT
2 8= 9le FASAl 7142 Wik, 253}, &
9]A1, RF, UWB ~18]3 BLE R]Z So] glr}?. E3)
2022% 714 BRF V]S 83 59] AfR]zel
4,0002712] white] ARgE o7 of&Ey gl £
FH2 71eE A48 914 39] 71 BLE H|E0]
HeE 7S U, o]= whie] RSS(Received
Signal Strength)& 543l =23} A& FA 3}
= WAlelel 3FA]RE BLE H|EZ2| 7%, tleke Ay
TAgHo® Qs whsl= RSSO SA A}
=ow ol ule} ma A $1x] S4eo] Bagh 4k
Fololl ] Hgo] oJgrhs WS AU gick =gk
BLE H|&-& WiFi, Zigbee % 7|8} F-A1541 37>
A== T4 A8 (ISM Band:2.4GHz)S &

Q
‘9 Localization LBS Servers
> \ Positioning Systems)

(
N
& Access Point—Communication

LBS Users Infrastructure

Ay

Xg,

&

Tasks

33 1. LBS Axd Adx
Fig. 1. LBS System Concept

U, BLE M- $A1% 98] wsl A8E B
gL A2 Ed olelt B B =)
of el 2% 2 gk FArPseke, B4 918 A
= Azshe A0l

>
~
o
=
o
g
rlo

N
O
)
o
b

=9 Aes G Slal vkt 913 391 71
e A7) s] zlaE A 9l

H =ollAE= AU LOS(Line Of Sight) 37 <ll4]
BLE H|Zo| A5 ~nlE qbdn 9 AA7F Ante
bR 9% &21& St muEE$ PC Z2a3s
Tt =3l g AR S F=EY 39
Aes B3] Sld Bl 4 $elA 71% RSS
T T3 HAZIE 9E FE3lied
KNN(K-Nearest Neighbor) W2 2 WKNN(Weighted
K-Nearest Neighbor) W}4]el|q A% 72 ~mtE g
AR A FHx 7 B FEFEE A AE v &
Mok}, Few A S9leeh B el
A= A= ZAR Ak vl 2 AREEF 71
vl A3l ek

B e A vt R 2= v A
W 912 S9E S8 AR Ee B AFEE ks
Al ZN8laL 38olA] e EtollA] gk A 9]

29 EUES] 92 29 SmelEst Axd 2L At

3
=
W, W TR 12w AR AR 58 x5
Il

F A)2E mals 2olsla HAE Ay 2 73S 5

II.

ic]

21 o7
2.1 =g Ty
o325 3709 71Al=F B AP(Access Point) &
el 5171 9 ALE o} ol o) 2915k 39
7Helet 121 steto] A&eiA 7hsdt 7Aool
APS} $1744 02 ksl shetelr] G AgA o

1407



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

d

AZZ 7 91 58] Axw
Trian, gulatlon—based Positioning system

T 7k AT RS sHEeR AztEep e L3 & oot
o] A5 FH5s= 7]Eo|tl AoA(Angle of
Arrival), ToA(Time of Arrival), TDoA(Time
Difference Arrival) HHASo] 4ol 73] 29}
o] whkziE| <47 17129 727} di, $ACTA
=) 274A12] A7 dy, 987 371219] A7} dselzd
I 7P S ), whde] f1x= 2 4AE A A <)
AZRE] U E AukEe] Yo wA-e 3k ukA
L7 S8 5 siek ST 28] ot 91
91 A, NARL g7kl 2 N+17) o) ide] 71A)=

AERE Ak 917 29) Wl AE T 7]4)

= 7F A AARE HEs|= o) A F=83)
o} @ 7R 7 ARl 7R T 2 whEe] $4l

= Al Alse] A7) 2 A AT T S
Asle] At 7hssic). T4 Alze] Alz|eh A=l 2b
WAs Ao (1)3) zto] Aezhlnds Ao

Prx=Po-10alog10(d/d,) (1

e A VJzA Al7], Poe = A2 doell
5% MRS A7, as 2R, d
l A= 7& Aol dubdal Al %ﬂ
7127l A3k Po, do®t as
o] 7|2 o2 HE] FAlSh= *1
RX o] tdsted sl 71A]=74+] 8] A
b4 %lv}. H AW & AL A
w5 5 53R 3l 445 NLOS
7] 7t FAR Q9 V)& AR 7 2ds 43

L g
oL r
s f

el
_y_

o
)
23 ™
mlm
\/

B O ST A O )
r ::11:4‘
n oX!
I ”
@
rXLJ

A7) FHL ATl IAE Kol gl Ao}
B wela FZHZolle bl 9A]e] B A AlE Al
719 BAE mefalel whlel $1AE e BA =Y
g 7k 7jes FAHoE Aot A= )= A

ey,

2.2 T==2IE J|H

PYAZHE 7Y it 3 o]z 5o &
AASIA] ¢a. 2|2 A-83F Radio Map2- E-8-5}¢]
AREAL ko] 9125 FAJsh whleth o] 7Y
2 dlofe] 3 2 dlofefm|o]x 3} A9} Z$] A
2 A= a9 32 A=Y 7Y S Ve
A Aolw] AR} A AE3 Fkol| o= Az}
I REElaL ZF ARl s 914 FE(, vy,
z)olA] SAEE BE APA ] Als A& 733t
3 A dlele]uo] 23} ghrk whdo] Alsh= Als
2] A|7]¢} Radio map 7]} dloJefuo]olx] 712
FARE Als A7) BAS 7= 3E YA HAxs o
o] R ksl ARl sl AR}
FAIgE A3 Al7)E dlelelo] el 5] 9l=
A3 A7|e} vlaste] 71 2AgE ARE AR
A2 FAZI Radio map A wHE A5 A7)
5 x, @A) shde] SA7 A5 A7 yElaL 7 &
T Als A7l e ()9 2] st 5 el

y=ax+b )

AP 1 AP 2
'Y; o]

L1
T

1 i
LS TV | Sl Chot”

k.

1 (xyz) (byubybs)

|
AP 3

N (e (rurars)

J7 3. SAZ=E s 913 39
Fig. 3. Fingerprint-based Positioning

2.3 Cell-ID 7|t

Cell-ID 714} &bt 9]%] =¢
g A Cell 7]1A72] 913
= 7]H40]1;]_ _—,_a 43]. 7T—o]
A=t o] Aeldn 2 v 01%@ ARE 39
Hug Frlsle] =2 AsxE 7|418F Enhanced
Cell-ID 73S vebdck &ul Cell-ID 71He] A4S
71215 Cellell a3l AMEA|ellA] S &) o5



=4 /BLE ¥ WKNN 7|4}t o]% b Ay 915 29 Z¥%

T2l 4. ¥k Cell-ID 7] 2 Enhanced Cell-ID 7]%
Fig. 4. General Cell-ID Technique and Enhanced
Cell-ID Technique

= Flste] s B4 Al #l" 71A]= Cell M|
W o] ¢x5 vt ¢)x] & F3lc}k ¥PE Enhanced
Cell-ID 7|92 12PH 02 7125 Cell #AWE]A] W)
W 2 AT e Agng B5s
7191 A2 55 T S 1% 909 e ol
wels hasle] 1A% Cell W 91715 9t
AP 7]%]—}4 AN A7} F71eRE ghie] 9]
2] 9] o3 BEo] Tt FomA] o 59 AHE
% gshesl dolleks whglo] ZAlElch et AP
T 71A=e] AMEAZE A mo e T o A
9 o o =9 AT 9lFle] THE0 2 Cell-ID
PHe A 8she Adl R oE 39 /14 &
Balo] ALESIE Al e,

N

2.4 7HAIZ 7let &2 T1Y

3}t FHZolli= WiFi ¥+ Bluetooth 7|HF A1) =
9l 7IEel AYa ode 314, £ 5o Ak 54
oz ol HAshs vk U 914 59] AEwE
W&tz €8] LED(Light Emitting Diode) 7]dF
VLC(Visible Light Communication) 7]"]% AW 4|
2 29] 7oz zHEw k. 7% B4l Al
9] S<ke® QIAEA| & AEE LEDE WEA
OnjOff gFo2A] Holg] FAlx} dut o] Sgs
Aol sk 7Melrh

a7 59} o] 7+ LED APolAME 3-f &= ID
7} F1H R Whaksla wht 4% 7} LED AP

~
=

| wmuees

T8 5. PR E4 Al S 58] A
Fig. 5. Visible Light Communication-based Positioning
System

IDE 3] & zRile] 912 o] 7hssiet of
23k 74133 A4 7]k Cell-ID 7S A3 A
N2 Z91 71 A 2hE] o] Fo|R| AL gl A
0]]—/]115,16].

2.5 Cosine Similarity 7|2t #lE{ H|w

18 63 o] ZALRl FALE B4 7]uk wE] v)a
2 A7 ZRE 7 E Wo|v] A= ok - wE ZF
galo] i 4 gl T el

b vk A8 elRiep A e o
]

0, 180i /HE 1’41 WS 7AW - 19 3hs 2
o3}e] ke 7IAH Fhol 1 7}
77@?‘& i J*DP%PE} Zrel S5 we] 7| 7+
= A} Aol firalert Erhs AL riskl S
Cosine?] gtol Zdigh o wje] A2 e #ale] $1x=2
ﬁxhs]-u], AAZHE 78k FAR] FALE v LS 2
2Hds 8o my v Hwrt = w e 7

el sapela e QL) el £l ()

o
J
n‘.

T TATT B (€)

Similar Vectors
Gt b

Orthogonal Vectors Opposite Vectors
G o wrow Cosre tergeaternas
o near ocigrees 0 dsanes

28 6. AR A 21 A
Fig. 6. Cosine Similarity Technique Concept

2.6 kNN 2 WKNN &112|&

KNN(K-Nearest
FFEA mele]n] dlolE 2 A=zt 7}771:% K70
o) & dlolele] o] ue Axaje] Ahehs %w
2lZ0lck Hole) 2t AelE SYshe wpHoEE &
el A A e 24

77 78 NN atwelEe] BAEE vepdl Aol
o ol lele] Se] A eHE Gl A%
Class B7} 1A 22 k=331 7%, ke} 1A g Aol
2]=]8F Class B Hlo]E]7} 2707} A&l=]a, Class A
dlolel7} 17 Ad==lck o] i, 7] dlelejcut )

1409



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

- Classe B

N
N /
N /
S s
~ -

I3 7. kNN <xEE AR
Fig. 7. kNN Algorithm Schematic

7} 3= 152 Class B7} Class AXT} B2 do]
E]e] vj=go] o]Fo 517 wiitel| Class B7} ¥t} 344
7k ek k=621 739, keF Qg Aol $1%|3 Class
B dHlo|E= 2707 A== 37 Class A d|o]E]l= 4717}
AlelEic). weba] 7)E dlole| (W7t )= Class A L
Fo &34 Hlrh

Moz Qe AAzlel dlolels Balshe kel
At T2 SRz 7o) wIRHsI et kel
A%, Wk A2 ok 5 25l dole] 2717} 7]
% dlolElRE FAR G2l Al 517030 3]
ol k28l 922 B4 mel} igeR Q9
A 25 7E E7Fs Stk kNN hazelss 13
9] HofellA A8 A5, FH APEFE £33
2 Al AZIE deleule]sed EAlshs e
Sample Point$} ¥|2/&}7 7} A& 2jolE YelfE=
Sample PointE &l |*]2 F3]3}A ¥}l kNN <&
P 71 7 28 7Y 5 shkE SRi]lA el
T2 853 9lvh kNN Estimation SHAl4] 3
A% SNR dlo[e]7} Fo15& w FAk= ghel] 7]vk
sto] sk wAlel A A ZZIE map Hlo|e|H|o] 2]
TE=e] 9l Sample PointE 83kl Sample
Point®] SNR H|o[&] A gtellA] =] SNR dlo]Ej2}
714 §-AK8E k7 Sample Point2] SNR H|o|E]E5-2- A
Ag®l Al g AbEshe A @) 2ok

AV

L
-177‘,:/_:1‘39‘5}7%.]“ 4
;o 1 &
(xvyvz):?:: (:L’Nyi'ﬂzz) (5)

1410

(@)°ll4] Dix= RP;2} &2 4151 RSSe}e] 72o]
32 RSS;= jHIA APellA] 4151 RSSo]t}. RP;j+= i
A RPe|A] jiA] RPel| #]A=]¢] 9l RSSe|t}l. DB
ol Ao gl E RPo}] #2)E AXlsla 4
72]E vehl= RPE &4 ©hd A= A3 o]
= NN(Nearest Neighbor) &72]Zo|cl. NN &2]
= 7P 2R A=lE vehls RPE AgREiE
A A JAety Agks W ¢ gl7] wiel
RPE Foll4 A7} 77k k9] RPE Aldlsle] w
we] $1AE 4 she wWAle] kNN ofaze|Felch
A= o]&3le] Axke A s FellA 7P 77k
A= S R AA 7Fs3b (5)F 283t 3
T e AE 4 7EsEk )M (xi, yi, 2=
iHA Sample Point2] FHEo|1, (x’, vy, z)E 4%
whike] $1%| sgelrh

F7HH oz wiitate] #z]7} 22 Sample Pointel]
AR e VRS Folstm W 5918 &
3Psh=  uke]  WKNN(Weighted  K-Nearest
Neighbor) &a2]Zo]cf WKNN Lwz]Zolx&=
37+ A f2El= A7t 7 717 Sample Point
= Adle] EX|k 7l5 o] AHE¥Ick o] AlA|
AAET Z91 SIH=2] A= A2 Aolshr] wi
o 7154 o] Fod=w 7R} vhEck AA] S
)Xol @ldsl= Sample Point THH] 39| <9]A
Sample Point 7] F¥= 72 Wire (6)7 2
o] =3 < glrh 715A = 37 712 Direll ¥
gk (7)2 WKNN ebare]ollx] 37t A2 Dyrell v
7R Wt A8 #E o 39 914 #AxE
viepdct.

AHF kNN )59 749 wes] 37 A 722
= A7} 77 k719 Sample PointE- A3 S o]
% 7F 717 Sample Point7} #-§-5]o] g vt
x5 2997} ealEle vl WKNN @aeE]39] 49
7V 717-8- Sample PointZ AFEsl= 314]-S kKNN3
FAAR FAE Bl wE A Agew
KNN o] 978k w914 39] AFg=E vehiH
what 9]x] 29| Folellx] 71} wo] AMEE <]
Fol7| &= sl

P ) ©
Ui": _
! Dy = Dy

(@' y,2) = EwiT(zi’yi’Zi) ™

i=1



=4 /BLE ¥ WKNN 7]4F o] whd Ay )%

o

5 FAE A

N\

Aelel. 2vhE Qb wef A W|E wES 43 vl
E12](3.7V, 300mAh)E AU 22 ARl ~mlE of
A Aol B2 PLA A Alo]zel WAkE]e] )

38 8. ARz 2vhE R $1% 3] AlxF]
Fig. 8. Proposed smart-helmet positioning system

Smart Safety Helmet

BLE
Signal

30000mAh

a2l 9. ~FlE PR & BLE AP HW 7% ¥ 7% &
2T

25

Fig. 9. Smart-helmet & BLE AP H/W structure and
function block diagram

3.1 5t=8] 7= ¥ 75 8%

2mtE bRl A v RES 43 s
(3.7V, 300mAh) = Yo7 AL3ln] ~ntE obdw
Aol 7215 PLA A4 Alo] el WA= o] glck Al
Al vl ZE] AlE $F AR 4 AY 2 A
ol Ak}, sied vl 2E-2 BLE 415°] A4,
T= R 2 5 ) 29a AR AY 55 AA
3= BLE 2E(9-0), BLE 2E2] WS ¢J2=s}
= JTAG t2-25(9-2), BLE 25oll4] WAk v]&

2155 USART s41S &83lo] el <heFos
Adshe l®O-0Q) 22 vE Ass 74 Fl=
Ashe A" Fehh9-@) = A= Q). 2k
2l3le] 4B9-O)F 7EZeI® &8sl 9l= BLE
AP HEHE]](3.7V, 30000mAh) S AU o2 ALE-
sfolom, ~vlE bR v|E wEe| Hwl <leEuel
A AL v A5 E AlEte] 415 RSSE okt

gk

32 2ZES 2= Y 75 28k

18 108 ~AvtE o wo] H|E A5 E Al
AAsle] Ao ESJo| 2 HE3= BLE APS} AlP|E
dele] syw 2 75 EEEE vehd Aok
EEY Hew 2 glzdg]de] 4BE #8319
2ulE ¢FA R BLE H|E X135 A8l 418}7]
213l blescan 7} (10-D)& dhoH elo]Ha|g]o
Al thieesle] Z-ga19] e AARE ~rkE QbR
HIE A5E A|Ede|Z AFslr] $18) oA =
olBeje]elA] -4 27l FAl Ft]okd(10-@)& vhe
2rsle]  Agsick dlele] AL Sl
Client(BLE AP 67H) 2 tlo]e] =41 S(Alo] ESo))
Hostg 23 (10-Q)3}s3tk

BLE AP 67ol4= 5% AA7ke g AntE gk
2 H)E AFE $Rsla AAlste] Alo)Ege| 2 %
ek Ale]Edeloll4= BLE AP 670 Z4E] 54
gk ~nlE okd® u|E A5 5 7t BLE AP ¥ H
A7 2 vRelE ddste] AAelal kNN dae|E
2 WKNN &are]Es 25 sxpdor A4sed 7t
7y HF 2vtE qHR $1A] &9 FAxE =23k
TZx FHE Avle o 9% HEE Wireless
Socket &4l QlEjHlo]27) AL=o] 9% F$] By
B3 PC Z2a3]o 2 AEHrl I3 11 AvfE
AR $12] S9] 2 ZUEH S Fs= PC 2R
s vepdl Zlolok Alo|ESeololl AEgE <
WtE QPR $1%] s Z2 o) o] Aol 2QlE

o

29

)

-

v

>

BLE AP & Gateway

* n coB o020

2] 10. BLE AP /W 72 4 7|5 £2%
Fig. 10. BLE AP S/W structure and function block
diagram

1411



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

(11-D)skz HE] F41 el 2mte e a5
A 2 AR A2|(11-@) 2o Ale]Egelele]
A 27 FA A ZUEH1-6) 2 Al 2w
YEH(11-Q)& 343t} 37 75omE Arnte
A RZ} @A 2] A, HEe] oWl E =] AlF
716(11-@)°] sick

2ulE P RE 100ms F7)2 H|E A5
st "Hl2~EW = 37300 wlx]¥ 6712] BLE AP
A7 el 7] 2mtE ok w2 AlESAS 9
3] 10ms 712 A=Ak o|d, P47 Q3|
RSS Fto] §43] Wslsls wAIE FAisslr] 918
#| % 318k 10712 UE RSS 3t %, A3t 243k
of| d|sl= UE RSS 3k 2705 AlAskaL == 871
°] UE RSS #ES nldel] AAgicl

o] ¥, 871¢] UE RSS #=2| B¢ & =53l
o] JEI(MA filter) S #-&3}0] o)A F7]ol| 3
T 3 A T e 3h s F5 JAg el W
oA AlgkeL olFd T e S AL 5 FolA
Z7] $413F Bl RSS 10707} vRAbA o & $A4H
o] RAJERE HYat Fho] TEE S 77 wilAl
3}7] $18 S/W LPF(Low Pass Filter)S #-§3}3it}.

S/W LPF= =%% UE RSS & £, -80dBS %
3= UE RSS @ AMAIBIAL ths 3 F71¢lA
3 F4S vk ¥ =% = UE RSS(<-80dB) #<
AApsle] AolESo| 2 AE3lrl. -80dBE 7| oE
UE RSS 3te] 7|5 3t thv] o]ade|wd A48l o3}
ol AAsl= offis HIAEME A6 71 A
2] zjo]7} & APol|lA] ZA43 UE B 4l5.°] RSS7}
-80dB¢|7] wjH-e] -80dBS ZIsh= FHe H|AE
W= 9] ofedo]r] wjelrk

I~
(<)

o

?

ZF BLE APES A dEs S 73 F
Wireless Socket 541 QlEJHo|~E &-83le] b3}
H vl A5 E Al Ede| 2 AFsc). Alo|ESel=
6712] AP7} K143} UE RSS #52 418k o] 3

Smart-helmet monitoring PC program(Server)

® [i=1
® | . O

s ® EiiEile

a7 11, 2FkE ok 914 5¢] U sujejs) pC 229
Fig. 11. Smart-helmet positioning and monitoring PC
program

1412

(i

RSS B WslEs 238ke 32 AARSS
gl o] 3 1340 kNN S| E(k=4)2 A
o FAAZE W dlo]efmo] el A= o] )
Sample Point(AP %3} RSS 3} v]wa}ar 7}
1%}t Sample Point & "3 &, 9] 29| =
2ol slgsls el 2% UE 28-S 8ghh.

B A 2Hlol| 4= WKNN 2 kNN oFve|&e] A
o7} 2 B8 938 9] kNN de]E 74 53)
7V 7V718- Sample Point 2} 3ol siwdsh= Wheke
7VEA S Holsle] WKNN ot 52 Ao H]
A sk

BLE AP % Ao|Ege]e} Alo]ESe] 2 AW 7}
dlo]e] A2 X5 Wireless Socket 241 QlE{=[o]~
5 53l o]Foixldl o) ke M W(UE)Y H
Z A% A% A BLE QlE]o] A2 A5E]7] wiiol
45 7F S AASE] S1elch wgk Alo] ESe]
v Aeelx] A I S e AlaE F8 5o
T4 27 B4l 27o] 94 siA] =905 ul, BLE AP
= A 2 RS FA AR A ek o]

A A5k A4H 02 2vlE QP R(UE)2] 1]

=h

b N
~ o rr o
Lﬁ-‘ ol o Y E

k|

o] % T}A] Ao ESle] mam A o] A 2~Hl - A
A4 2 B4 948 A=ske AW Host 4
(192.168.0.133) = Alo]ESe] Host T4
(192.168.0.83) ®|x wj#] F AjdA=) 7 6719
BLE AP¢l4] UE RSSE Al Alo|Ege]+= RSS
Yt stk din] o|ake] 3k AlAskaL YA ==E
W dlo]efw|o] 2~ AF 7+ Sample Pointe} ¥]al & Zkzk
kNN % WKNN dve|&S $3sle] £ UE FHxn
LZ3) Ao)Egole AH(ArtE AR 9]
o] =g ga)e} A 47 EA Host 2 Client IP
A F 3F 2~nkE QI (UE)Q] 9% 35 AW
gl "aEdE JAZIE ) do|ejHo]~
A] 218 %]+= Sample Point 5343} A¥ PC
o] 2pAIEE Alek Y A A Al2®l T2 A=

A g Adelld 7Esisich

o e o

¥

N
w

v. o

oo
.0

! 2

4.1 3=

I 12+ 2vhE QR 91A] S915 Sl A
gyelo]Tto] B jit BLE RIZRE-S vhehdl Zle]cl. 3
2% A5 $% 919 0dBme) i A% % 5]
£ 100ms©|™ Battery -£-%- 300mAhe|ct}t. 23 13
& BLE H|2o] W Alo]zr} awo] gl v}



J7 12, ~vkE R 344 BLE H[E 2E
Fig. 12. BLE H|& module for smart-helmet attachment

J8 13, W& EEo] W=l ~ntE ekdR % BLE AP
Fig. 13. Smart-helmet with H]<= module and BLE AP

E ol nel AnlE ol w u|E AlFZ A5 9
3] 2HA| Al2kgk BLE APS Yebd Zle]ch BLE AP
o] vl]l ZEEe] Heis elzE]ale] 4BE A83)
lom A FFL 9)3) 3.7V, 42 30000mAh X
Zale el S #4314tk BLE B /Eli T3 7=
10ms 2 A3}k

4.2 AZEL0]

4.2.1 ADIE obNm 9lx| X9 =2 a

%) 143 20kE bilus} 4145k BLE HIE &
o] 155 Salsl] HFAoR ~nlE qhdw 9|
A5 vl 912 29 Z2agleleh PC Z2 19
o) F8 rlFo Rt theat 7k

(1) £&7tE PR (BLE w3 ¥ Group 24

om gus wn su msaw
SR

|

a2 14. Windows 7]HF ~rkE ok w 9] 29] 2 )
Fig. 14. Windows-based smart-helmet positioning program

“ *J_A]ﬂ BLE RSS $4 ¥ )% %l
(ddle]E F7] = 10 ~ 20ms)

4.2.2 BLE AP % AHo|Eo]

fz|z]gle] 4BE 83l ~rtE Qb R4
F7IHeR FAlEE HE RE ASE FREe
BLE AP % BLE APol|l4] 313} ~ntE o w v|&
*11 dlelelE A 2] 317] s A8 Ae|ESe
EEHE TSI er Z1EEe IS S
ZE A5 34 3)s1e] Python compiler Adx]<}
=00 37 A, WiF A, WAl gadle]=
% 3 Ao ﬁtﬂt’lE 55 7 Qlok A
2ol x= Python 3.7 $73ell4] BLE &3+ #7]%]
A9} BLE AP ¥ Alo]Edle] 12|51 ~vhE ok n
Q=] =9 =218 7k dlo|g] A4S 9]3] Wireless
Socket 541 H7|AE AA|sksick 2l=we|glo] 4B
of|4] A 3=]= Python =}l 5 3}l Thonny s
ge3sle] 3 ATlde|S E5) BLE AP A5 4
37 2 Aeo|Ege] dvlole] A ZRAE T3}
aom 912 39| RUEE] PC 2213 o® dofy
= R T I s s B B e e ke A

° W

_4

e 1;1

J

A=
=2 E

Ji

43 Mg mejoje Y B4

a7 15% Alksh= 914 %H %?dd
F A LOS #3714
B2 g3tstan *Pfih—f J.J_r ll:i(%ﬁ@_fﬁ
AFDE esisick HzENE gele vh=

H =2
15.6m, A2 11.6m A 3742 #-4s)g]on] glAE

o

NE

a2 15, AvE QHHE 93] &9 HAEwE
Fig. 15. Smart-Helmet Positioning Testbed

1413



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

H=o] 2128k ZF AF dHo]B2] Zol& 1.3m, 712
5.1m, A% 1.8mo]ct}. ~vlE ¢ BLE H|E A5
& $43l= BLE AP+ % 6717} AM-=]91em, BLE
AP9] uijx] 738 7}2 A2 5m3il BLE AP w9
Coverage "3 AP 7|5 15meolc) Ak v
o] 9% 2915 218 vl o] EXE #73o]
ohd wiel vE whg gl om 7S 2HAA
7171 Y&l "aEH e dx]Ee] 9l WiFi APS]
S 2petet Aelollx] AsE xgsigict. 13 16

< 2ntE QR v|E A58 FAZEY 9 blo]g
Hlo]x F=-5 ¢J5) =33k 147) Sample Point 2 6
7N AP % 2070 24 EIES] ¥ x5 e A
ot} ®E Sample Point ZFEol4] 30007] 4 2~vlE
PR (UE) B RSSE 38k B & =53}
o o] k& AA| HAZ=E W dloJe{uo] e

g-g-5k9ick

7} Sample Point =4 Z7FAL 712 4m, A2 2m=
dAsldek

(671, 0) (1342, 0)

AP #3 AP #5 AP #2
UE (390, 0) (1170, 0)

0,0
(215, 0)

Table Table (1342, 215

(0, 430) (390, 430) (780, 430) (1170, 430)

oBeiors [eurey

(1342, 430)

(0, 645) Table u Table

Door (665, 390) (1170, 860)

(1342, 645)

Door

AP #4 | AP #5 | AP #1

(1342, 665)
(0, 665) e (671, 665) Sample Point

a2 16. AAZIE 9 deede]l 75 ¢ Sample
Point EJrE

Fig. 16. Sample Point Coordinates to Build a Fingerprint
Map Database

4.4 HAE AlLf2|2

HAE AR = FUE SR 20kE e
5 AR ¥ AEN S o] FSlE g, o]y AntE
QP RE] o= 1 7mE FU3lch 17 172 2ntE
QPR H|Z A% 43 Y He] ZaA|AS el 7]
ofef. 1§ 183} o] m|F mgo] F-Apdl AntE <f
AnZ Az Az} o] %S 31HA] 100ms F7)
oot v Als7) 5%k 2k BLE AP+ 10ms
7]D}D} 2mtE R ¥IHUE) AlEE #2‘6}1 °]

S RSS®Z WMl 315l wlE 4ls= BLE A
*Lbs; S22 A7 sl o 22 71| Wl

1414

Spreading BLE
Beacon Signal (UE)

—’{ Applying LPF(S/W) filter

Collecting Beacon 10EA Receiving RSS of UE
RSS of UE (BLE AP) (Gateway)

‘ Removal RSS maximum ‘

i Smoothing RSS of UE
and minimum values

|

Processing KNN &
WKNN algorithm

|

Final (X, Y, Z) pointing
(PC program)

Calculating the average
of 8 RSS values

Applying Moving
average filter (MA)

T2 17, ArtE QR v|E Als 3 2 xg] ZEAA
Fig. 17. Smart-helmet beacon s1gnal collection and
processing process

T2l 18, 2vtE R nE Al 4 % 90 &9 H
AE

Fig. 18. Smart-helmet beacon signal measurement and
positioning test

= o9 qI3SHA WEE] wjitel 2 Al2ElelA=
UE RSS 27| K315 918 o154+ TelE A8
224 27] UE RSS #e| sHslE =l3gsich
Ao ESololli = Bl~EME SH oA 353 3
AzEE doleulo]2Atbe] AT RE Sample
Point ¥ H] RSS9} AAZE 4% H]E RSSE H]
a3l kNN 2 WKNN w2 el lEH%H b7k &9 %
%3]":]' 7ﬂ°lE°ﬂ°1 #5A =% 7y
QlE

I8

o~

g X

H U 352 Wireless Socket

=4l
HM*E Eﬁﬂ RUEE PC ZEadoR Af
w2 PC ZE oA s AvkE obdw
9l #FAEE ZR ] Aol E1W ®ck

8] 19% AnlE ok m 9]x] 29] g AE A
& AP A] AL o] Fell W 59] AEE HAES
3 243 ) E27)2] Sample Point Alo]) 2 UE
ol WS Yehd Zlorh HAZIE W dlo]elw|

L >, rulru

J]N’ I‘ﬂ _u

oA



=4 /BLE ¥ WKNN 7]4F o] whd Ay )%

(%

9 FAE AL

(1342, BEF) (BT, 465 0. 45
o
EXS
Expenm&nt Experiment e
Table
R |g| e b -H'\u"..”
(5P 18-18) ﬂ . .d [
..u'1:| 1% 5B JaTy
Experiment Experimeant |
=
i Table Table oy ||
AP w3 AP e E LERE
T (AT [T

020 19, 2¢lE KR 9% 24 H2E o|F Wk
Fig. 19. Smart-helmet positioning test movement direction

o]~ Ab UEE AP #3W Zojjx] Z4lslo] Sample
Point(2~3), Sample Point(3~7), Sample Point(7~11),
Sample Point(11~15), Sample Point(15~19), Sample
Point(19~18)2 A AP #2¥ &2 Tasl= 3
2 917 29 WzEs} saE 2 24 2l
w2} 150070¢] UE RSSS 3l8le] H 33 &3}
A ¢ FAS KNN due|E A8 7
eIF /1 LT AR ALSo] 3T UE 9
) 29 A% £52 ANssir) 29 FE ou] A
Al UE A7 Ae] Aol f2el= A2l e Ba) 4

E
_g
=
Z o
Z

aels XVHE]?%] Eh;} ﬁ,ﬂﬁﬂoﬂﬂb (JEES
QEA E=H 9% FE 3 &8sl odaksl 2
el W AT 6 A G A 5 S A

T =9 frEEE RS Eeld

45 ADIE oHHE 9% &9 HAE A}

Agkslz AlzEldld] &9 e} A4S 9ls) =243t
2= Ar] AkE APNL elelje} Ziet
d=Ve—2)2+y—y )P +(—2) ®

(8)°llX d= UE ¢ =3 diu] A UE 2% 7F
= A”el x, y, z= AA UE HE x, y’, z
= 3905 UE #atolt} % 13} & 2= 2P kNN 2
WKNN &dve]Z H84] 7} _,4;] =32] ¥9lE o} UE
o] 59 &%, AA A3, 591 &2 223 f2E=
A2lE vehd Aelek

dalelw sPAsdch # 13 % 25 Alded
Sample Point(2~3) 2 Sample Point(19~18)2 A<
3L YR St 25 dAH =9 23}
Ve AE 1% < ik o= 27] UE $1A &
A 2 %918 %7} BLE AP #HE|A]7} wo] 7z
= H2EAE W SAlel AAERE Frlehs o
< bt} l~Ed= W] UES] HI2~E o] vt
e w#slels W, UE 59 I3t SHYE A
thHg o2 4 BLE AP #3(Sample Point 2~3) %
BLE AP #2(Sample Point 19~18)<l|4] 7}gF UE RSS
2 z7)ol At 7] YAE B3 4 ZQlEsh=
tl 2g¥= A7te] gtk webA 27] UE 591 24}
7} WhAEs WErE A whAgich

E 1. 91A 59 b~ A= A3} (kNN)
Table 1. Positioning Test Accuracy Results (kNN)

w2 m
291 70| 29 2 | A | 29 o] TS
wen | o | O | 85 | e
o | | e o[
SP(7~11) ?'f;’ (35253) gg;’ 1.08
| o | o2 o |
SP(15~19) (;2933 (11, 32) (0125; 1.60

E 2. 917 &%) "H2E Az A3} (WKNN)
Table 2. Positioning Test Accuracy Results (WKNN)

o2l m
© =
9ol om | 391 24| A 2| 29 x| TIOE
) .79, 061, .18,
SP@~3) 2.37) 2.45) 0.07) 0.2
B (2.56, (2.86, (0.30,
SPBD | 4 7s) 3.17) 1.61) 1.64
B 4.72, (5.54, (0.81,
Se(7~11) 3.23) 3.20) 0.038) 081
5 (8.34, (8.25, (0.095,
SPAL~13) 4.22) 3.20) 102.11) 1.02
SP(15~19) (396657)’ (11, 3.2) (()1:’51)’ 1.39
5 (13.52, (14.04, (0.52,
spao-1)| 1,0 238 0.38) 0.64

1415



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

W UE $1A7) "HaEde $Ad4% UES
BLE AP At 53b2|7} 27 fiAbsl7] wiaiel] BLE
AP 6707} UE Z7] 912 &4 2 3k 2l Al W
2 AZte] A& 051"’ Z"—ﬂﬂv‘: UE RSS variance = %
7he} & 32 24 S 21BN AR 59 24t
SRS 7%3% 3 :@‘r P Zole}. 4] 22k A
Al UE #i 2 54% UE FHE (x-x), (y-y), (z2)
o] A Al y, z)‘-"]ml, = e @) F
& AEE 7 EAESS] FHE g AA 23 7 AA
72l zfelelch

WKNN az2] & 7]3F =4 HWO] kNN <} ﬂ%
7Rk S¢] WA o] °—F20%
e A" A 2 3
E3) WKNN dv2]= 7]3]— ;Lpr] HL/Jo] Arzy22) u)
A diu] o 34% o= UE 17| =91 A&7} 74
=i o] FAlel FARE #hA] oiR] o 41% o
2 UE 912 59 Ash=r} /jd=sieh. Ads &3
WKNN > kNN > A5k > 3AR] fiabe o2
B 59 23k 2 A frEEls 7] 24k Aol
vehdes S gelsisict S 7o) A &

& BLE AP UE7} $1413F 39] Faaye] 413
UE RSS #t& vlasle] 714 748k UE RSSE 42415}
= A 37H4 BLE AP%— dﬂétﬂﬂr. 29l 3709 2+

_i Mﬂs}z Hi Mls}ﬂ] 2% UE 2¢
E23c) ol SHdEAl 999 BLE APellA 4%
UE &$9133%E 25 xQl8g) webA 7k BLE AP
vitl 4% UE 39 37t Aol 3wt ohe} 7]
Aoz AA| fx|e} =9] FHxe] =9 22} w
Helell A HhAlghcl. ZARD fARE vlal v ] 79
RE BLE AP7} =43} UE RSSE =9] #x & 3t
% A= E DBY 9] FHxel Hlﬂﬂt}
oluf 7} Aol7} 2 &4 HxE #HF UE &

e

Table 3. Mean Positional Error and Euclidean Distance
Error

H]: m

N N Hd x 7
290 | 9E s on | T FEREOE

kNN (0.69, 0.63) 1.14

WKNN (0.55, 0.58) 0.95

S

P (0.93, 1.08) 1.34
A S (0.85, 0.81) 1.28

#4327} 2k A7 UBCIA $418k= RSS &
4] 4 A4 914& BLE AP7} obd o} BLE AP7}
714 2143+ BLE AP® T4 =|o] UES] 237} =9
g 5 %D}

23 202 Aloksls AW 1A S91 F2AES] 2t
E I E(UE) Ad $12] 59 2UEE PC 221
oA 7+ vl Wz Aur} EZolEEE dye]Ee
viebdl Zlolel kA <12 gl~EW= W) UES] &

A FREo|T hh A2 HAZHE v do]elw
o]2xell 5% Sample Pointo]t}h. MPE= %3 %Q1E
e }Jrﬁo]r/} 2913} FlEo|A] =3]o] o]Rojxx
MP FH /\1-0]-5],7\]] iO]FJo] ¥= 74 = E]-o]tﬂ— 2
ek kNN—4 39 k=4o| B2 <3t FEE|= AgE
veh = Sample Point 4705 AAs}a o] 5 714 71
7}~ Sample Point 3ol UE $1*| &5 ¥E3lEgic)
HhH WKNN®| 79, k=4°] =2 kNNZ} FU5}H|
A fZ=l= A2lE el Sample Point 478
£ AAsA et 714 717ke- Sample Point #3ell UE
25 EJEEA] G EEAE Foddte] 4719
Sample Point ¢3¢y Wj3-ollx] EQlEle] o]Folxich
Wb gl R A 917 29 wiee
PC Z2awoxe HAZ2E 9 dlo|efro]x At
Sample Point RSS2} 5-UgH &3] EQlEA 2 v}
Al W2 29)% RSS7} UE 917 A= Wigh A] Alo]
A vehd
wzhA, kKNNo| 749 59151 UE 27 AA|
Sample Point ol $1xI3le] Sl A5 7P A&t
=9 AHF=E Jepd 4= qlck SEX|RE AP2} Sample
Point 7HAe] AR ool &9 o571 ZA WA
T 2= &2 3 A] AHE 4709] Sample Point
—‘é | AlAl 914& Sample Point7} obd -Eo] 7}
SHA =2, 7P 7PEA] 942 Sample Pointel] F3E E
Qo] o] Fo XA & &go| WAgI) o] wje}
i 2= AR de d= V20m7H] 39 eapt

:Lm

KNN WKNN
= >
N -4
2m . 2m b
4m 4m

. SP ‘: RP(Real Point of UE) - MP(Measured Point of UE)

J2! 20. kNN % WKNN UE )7 #x A4 dwel=
Fig. 20. kNN and WKNN UE Position Coordinate
Generation Algorithm



S

/BLE ¥ WKNN 7|4} o] % whak A

A

T alrk

WKNN &w2|Ze] 79, %7] ¢4 Sample Point
78E Al B4 FA2 kNN dae|E3) 53]
t}. uj2bx =2]%l UE 37} A4 Sample Point A¢
ol X3l 9= A5 kNN daElsa) A2
71 gkt 5 vehd = gleh Bl R
AP=2} Sample Point ZFZ o] dA 3} =9 o F
7} ZA AR 739 1A S9] =) A AEE 4719
Sample PointE°] A4 213+ Sample Point7} o}
FES NN dae|Ed} FdsA gkl s
WKNN &r2|5e] 79 591€ UE i 71 7}
7}8- Sample Point 3% 2|2 Z31¥ 3p= 7lo] o}
 71EAE Fodsled 47 <1% Sample Point %3
gtol|x] 7} 9143t Sample Point =02 3% ¥3]
Bl& 3] witell A4 UE & o] 5¢] UE i
7} 7V A2l #po|7} A%t Sample Point #3% 207
xld Holvh Exeke Hd f2== AE de
4 <d< V20m WA 59 S} iRk A
Hog B oA 78t 59 FFEl4 WKNN
dvE]E A8 7[Ho] Uuk kNN duEE 28 7|4

= S =
29 Aotwg

a1

Brh 9% UE 917 391 Ages: vehlle 2s
Elek 4= gick
V.2 B
E =Foll4= BLE APE £33} Sample Point 20

NE EA3te] AA=ZE o do]gfwlo]~E 153}
7luke @ BLE 7[dF AWl 9] =¢] A
WKNN otw2]&3} odul kNN oae]&e] Ay 34
2 v s sl FHOE i 9] 23 Y
B fFEle A LaE FAR AR Blag
A SR} vlal B4l Fdd YA = lE
9 dloJefulo]~E A8t 7§ WKNN duE|E 7|
Hb 2mhe qkdw 913 591 7] kNN o)
7 92 =9 714 iR 20% <3 94 =9 A
oo vehgie) a3 AR Elaes = Yol UE
3ol v} $1%| 59) £ WsAo] WAEl=
gelstoick

tle] white] EAllsh= Fo4] Al dare]
ggsle] AlS i oZ Qs #hAig RSS W%
sla o5 F8 FAZIE 9] DBolA
Z2A717] $18k <

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

References

H. J. Kim, Y. K. Seo, J. H. Kim, C. M.
and Y. J. Won,
minimizing positional errors using bluetooth

Yeom, “Mechanism for
packet information,” in Proc. KIPS Conf, pp.
769-772, Korea, Nov. 2020. (https://doi.org/10.
3745/PKIPS.y2020m11a.769)

Y. S. Cho, S. Y. Cho, B. D. Kim, S. H. Lee,
J. C. Kim, and W. S. Choi, “Technical trend
of
Electron. and Telecommun. Trends, vol. 22,
no. 3, p. 20, Jun. 2007. (https://doi.org/10.
22648/ETRI.2007.J.220303)

J. H. Jung, Y. M. Hwang, S. G. Hong, T. W.
Kim, and J. Y. Kim, “Position error correction

indoorf/outdoor seamless positioning,”

algorithm for improvement of positioning
accuracy in BLE beacon systems,” J. Satellite,
Inf and Commun. (kosst), vol. 11, no. 4, pp.
63-67, Dec. 2016. (https://uci.or.krG704-
SER000001520.2016.11.4.012)

J. H. Uhm and S. J. Hwang, “Low-power
bluetooth-based AoA  wireless
technology trend,” J. KICS, vol. 36, no. 8, pp.
32-39, Jul. 2019.

S. Mazuelas, A. Bahillo, R. M. Lorenzo, P.
Fernandez, F. A. Lago, E. Garcia, J. Blas, and
E. J. Abril, “Robust indoor
provided by real-time RSSI values
unmodified WLAN networks,” IEEE J. Sel
Topics in Sign. Process., vol. 3, no. 5, pp.
821-831, Oct. 2009. (https://doi.org/10.1109/JS
TSP.2009.2029191)

J. G. Park, M. A. Jung, S. R. Lee, and S. K.
Yoon, “System design for location determi-

positioning

positioning
in

nation inside the ship,” J. Commun. Netw.
(CN), vol. 38, no. 2, pp. 181-188, Feb. 2013.
(https://doi.org/10.7840/kics.2013.38C.2.181)
“RSS-based
localization via Bayesian ranging and iterative
least square positioning,” [EEE Commun.
Lett,, vol. 18, no. 5, pp. 873-876, Apr. 2014.
(https://doi.org/10.1109/LCOMM.2014.040214.
132781)

Y. G. Kim, H. J. Shin, Y. H. Chon, and H.

A. Coluccia and F. Ricciato,

1417



The Journal of Korean Institute of Communications and Information Sciences

’22-09 Vol.47 No.09

(01

[10]

[11]

[12]

[13]

[14]
[15]

[16]

1418

J. Cha, “Smartphone-based Wi-Fi tracking
system exploiting the RSS peak to overcome
the RSS variance problem,” Pervasive and
Mob. Comput., vol. 9, no. 3, pp. 406-420, Jun.
2013.(https://doi.org/10.1016/j.pmcj.2012.12.00
3)

C. Laoudias, R. Piché, and C. G. Panayiotou,
“Device self-calibration in location systems
using signal strength histograms,” J. Location
Based Serv., vol. 7, no. 3, pp. 165-181, Mar.
2013.(https://doi.org/10.1080/17489725.2013.8
16792)

K. Kasantikul, C. Xiu, D. Yang and M. Yang,
“An enhanced technique for indoor navigation
system based on WIFI-RSSL” 2015 Seventh
Int. Conf Ubiquitous and Future Netw., pp.
513-518, Jul. 2015. (https://doi.org/10.1109/
ICUFN.2015.7182597)

S. He and S. H. G. Chan, “Wi-Fi fingerprint-
based indoor positioning: Recent advances and
comparisons,” /EEE Commun. Surv. & Tuts.,
vol. 18, no. 1, pp. 466-490, Aug. 2015.
(https://doi.org/10.1109/COMST.2015.2464084)
D. Y. Kim, J. K. Park, and J. T. Kim, “An
improved fingerprint localization system using
k-NN algorithm and the distance variance,”
ICEIC 2017 Int. Conf. Electron., Inf, and
Commun., pp. 489-491, Busan, Korea, Jun.
2017.

A. W. Tsui, Y.-H. Chuang, and H.-H. Chu,
“Unsupervised learning for solving RSS
problem in  WiFi
localization,” Mob. Netw. and Appl., vol. 13,
no. 5, pp. 677-691, Jan. 2009.(https://doi.org/
10.1007/s11036-008-0139-0)
http://fwww.skyhookwireless.com/

P. Luo, M. Zhang, X. Zhang, G. Cai, D. Han,
and Q. Li, “An light

communication  positioning

hardware  variance

indoor visible

system using
dual-tone multi-frequency technique,” 2013
2nd IWOW, pp. 25-29, Newcastle Upon Tyne,
UK, Oct. 2013. (https://doi.org/10.1109/IWOW
.2013.6777770)

J. H. Hwang, Y. S. Kim, and M. S. Yu, “LBS

service and location measurement technology

[17]

(18]

(19]

(20]

[21]

trend using visible light wireless
communication,” J. KICS, vol. 28, no. 12, pp.
61-68, Nov. 2011. (https://doi.org/10.6109/
jkiice.2015.19.12.2836)

J. Y. Son,

algorithm using indoor localization system of

“Vector-based relative azimuth

mobile nodes,” J. Korean Navig. and Port
Res., vol. 38, no. 5, pp. 457-462, Oct. 2014.
(https://doi.org/10.5394/KINPR.2014.38.5.457)
J. J. Lee, M. A. Jung, and S. R. Lee,
“KNN/PFCM hybrid algorithm for indoor
location determination in WLAN,” J. IEEK
Sample Point, vol. 47, no. 6, pp. 146-153,
Nov. 2010.

O. B. Kwon and K. S. Kim, “The design and
implementation of location information system
using wireless fidelity in indoors,” J. Digital
Convergence, vol. 11, no. 4, pp. 243-249, Apr.
2013. (https://doi.org/10.14400/JDPM.2013.11.
4.243)

X. Peng, R. Chen, K. Yu, F. Ye, and W. Xue,
“An improved weighted K-Nearest neighbor
algorithm for MDPI
Electronics, vol. 9, no. 12, 2117, Dec. 2020.
(https://doi.org/10.3390/electronics9122117)

Y. Liu, H. C. Baek, S. W. Hong, J. H. Park,

and S. B. Kim, “User authentication service

indoor localization,”

model using euclidean distance baesd on
encryption,” J. Knowledge Inf Technol and
Syst., vol. 13, no. 6, pp. 695-703, Dec. 2018.
(https://doi.org/10.34163/jkits.2018.13.6.006)



=4 /BLE ¥ WKNN 7|4}t o]% b Ay 915 29 Z¥%

2 2

8 (Rae Hyeon Kim)
2014 29 : grgEtEt
2Rl 24 (34D
2017 24 : Sh=gstelistar 4l
71e33 (4D

20219 3L~EA) : =gt
S ITREE A g8k (2
A1)

<Flol AY$IX|59], ¥R, VLC 54l

[ORCID:0000-0003-4219-6729]

A

k|

2 M & (Sung Hyun Oh)

20199 29 : WA Sk A=}
3 =4 (b

2021 24 : Skt Ear %1
A 24 (AAD

20219 39~&A) : =g
a A wEAE) vkl

<AEoR ANSAZS, Q1FA, 5G o1 EEA
[ORCID:0000-0002-1974-8612]

Z A = (Jeong Gon Kim)

19914 294 : KAIST #17] ¢ A
Zgeka 31 (b

19931 29 : KAIST A7] 2 A
ARt &1 (H4D

1998+ 2% : KAIST A7) ¢ A
2setat 31 (b

199811 64~19991 54 : 3le}
olF= &t AA8t} Post Doc.

199911 79~2001d 39 : LGHEEF AYgd7Y

2001 49~2003d 29 : AR BAledTAa BE
A7d g7

20104 39-~2011d 2%: W= USC A7)
Visiting Scholar

Iy

21 Al
200313 39~3A : =SSl Al
<ol 5GolEEAlL, ZHIAlA, FAxkdE
VLC, 121591, 71#1= §%$4l, UDN
Al 23 WPAN, WBAN A @ S-g-3o}
[ORCID:0000-0002-9349-2846]

1419



