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ABSTRACT

Current traffic information is collected through a loop detector or an image detector. This method
is influenced by weather and time, so a traffic information generation system is needed to replace
it. A system for generating traffic information using a smartphone in a vehicle is proposed and the

Received 1 February 2019 performance of the proposed method is verified through the collection rate and the travel time error
Revised 14 February 2019 rate obtained through field tests. In addition, we propose an algorithm for generating intersection
R Rl traffic information for each direction of rotation, suggest ways to increase the amount of valid
@ 2020, The Korea Institute of information, and confirm the results.

Intelligent Transport Systems. All
rights reserved. Key words : IEEE 802.11, Next Generation ITS, Vehicle Detection, Traffic Information



g o] STt met AstE Qe wEAEE A 8] 7€ wF Al2:F o ICT(Information and
Communication Technology) 71&< HE3F A58 w5 A2AE(ITS, Intelligent Transportation Systems) 177}
A AARSE AP ok FA] Selvete B2 1% ASS 73 Atk BANA Y nEA S-S d4s)

7] EAE A A 7 AGE A o) £8 wetel Ajo] WRET AR AA) T 5 YrS
ALAAE A7 AA §3 A28 A7 ARE T Yk doln AAE AA o] BT U, $H, £} pe

Sz astel AR ThAo] WAL FAZE A@aolA Rahu, Aol vkl ol LAAt BF WA
Fh M AAE MR W, 9, w3 2 BRus el AR HHo] AP, ABEA FA} 7
@ AMe A

S3bm, A X9} #E]7} 7HEECHKim, 2017). A4 §8S 58 AXAA ] TEH dHe A&
b 2] & et & 4 AT o] Ao AA VL HA A=A FEhE FETE Mol AUtk nE
£ A& 3] fEliAe AEFS FE gt AYREte wAlEe} WAR AlolE AUrte A S5
BE gosle Zo] % 43S didle FARZ P 3 3sthJung, 2005).
=2 AAE o] &3 AHFHA Al2He S BT ¢ e 7|EE 2EE WiF A5 E o] &3
-8 A oksl A}l kT Pewresearch Center®] FAbo] wh2w 20181d thatHl=re] AnlEZES H
94% ©] t}(Pewresearch Center, 2018). /“H]—EE 927+ WiFi 71€S 53l AP(Access Point)©l
st dlolEE & 74l @ 5 ok olgld Ves &83te] AP T A TR ko] @dr]e] A
= AT, AP ZHo] WiF ©27)7} @ olx] mek & 2= 9A Hu, mEARE A7) 95k wa}
2 njth APE AX S AotH @] olF AEE & F Utk o|F AR} AZHE Tl A X3
S T U olF T ERO A FFE st AAE AT F UEE AESFAAE
HAod HAR Qs dAEE ASH A4S & 4 7 Utk
© MZ-dAFY WAZ Tk Bluetooth®} WiFi 4158 AT & = T4 HEH A X
AAE RS T Probe Cars +F3t] AntEE FAMNS7E 4 WEYZ AXAA A HAHL o] F
2

&v iy

3 T B3 ARE AYAS=A] dolR Y]
M. 4 A
Bluetooth®} WiFie ¥4 A8 BAES 93 HAFE FA UEY I ALEHE 7ot EE2A=
F45 417142l Bluetoothet WiFi A2 & +33h= Alve TEA

el AT, 015 WEABAAN 83}
A BEL WOE H

S0
7] 93 HolHE Jhgshs g Ee At WiFie T4 < 2l
I MACTF49] FA0] oBA T4

i
WY AFREE Z2H Q4 I U9 Frame Control =2 U
| st}

rir
4n
-

L
-
L
.

2N N3 23

—
-

2ULEE WiFi AEE F3 Al 802.11 MAC A% Frame format> <Fig. 1>3} T} Address fieldol| 4 Z}
2nfEES] AERIAE T 7 vk I¥ 394 B vk} o] A, F, A, vlolH AF dAlolA

MAC frame format> Z+2t 254 E8A AW 4 B== o= @AY} Frame formato] E3HE o] 7]

122 QA=ITSYL|=EN| 197, M12(2020H 28)



AOIEE SR&F2/etololo] MET[Et WEY

Al

(=}

o

2 4 AR oT

(=

W] svtEEe] WEAR £ G AP BAS RS WANE AntEES] ARAAE HAT 5 9
L A% gty B 5 gl
. MALC Haadar .
Byles 2 2 3 6 6 F] 6 2 4 ° DI 4
gml Dur::?ml Address 1 Afdness 2 Afdnees 3 SE.E:?JE Address 4 C?Ef‘-u Cl:ll'lul Fgrﬂ: FCS
Bits | 7 7 s - i P T Wbt Rttt i 1 3
Pratocol To From | More Prax Maore ol
Vardon Tune Subrlypa s 0 Frag Ratny et Data "‘r‘:ju Order
<Fig. 1> 802.11 MAC frame format
BSS STA
Beacon
ol - .
[ Probse Reguest - Discovery
- - Probe Hunwrlmz .
fa Scanner ~,
Authentication Request \
II # - Authentication
| - Aifhenlicalion He:'-.E'_ﬂ".l.- |
AP Association Raguest

s

<Fig. 2> 802.11 Wi-Fi communication

AUFEE Blyetooth A& 2F U] AulEZo] x5 o] @

91t} Bluetooth Link A% Frame format2

1
Association

M Asgocialion Response

Data

transler

process

5¢ o83 M AENE o BAY S

8Q1E 4~ 9121 Advertising channel PDU W] Payloadol| 4] 2PlE

=1

E AEJIAE §9T 4 913, Data Channel PDUCIAIE Access Addressoll Al 2~ntEE AEIAE &<l &

Atk L APERJIAE WikF Az RG £ 80| We A0R odEn 2ntEZ I 2H7F2] Bluetooths 2

o ot )

A% BUAY 5

o 7P S o, WA 2utEEC] A4317] 943 Advertising HIAIA]

=
=

AFsta, A4 A= Scanning
StHA MEE Rt dtt o] FAol|A 2ntEEC] AAL8A37] 913 Advertising channel PDU W]l
Al APERJIAE FRIE  a, Ao ¢RI HolEE FuRE

ee & 5 ek

o] = Data channel PDU Wjol|A] 21¥ 9]

Bytes 1 4 2287 3
Preamibhe Access Address POU CRC
i R
Haader Hieader i
(15 bite) Payioad [16 bits) Fayload M

Advertising Channel POLU

<Fig.

3> Bluetooth frame format

Diata Channal POU

Vol.19 No.1(2020. 2)

The Journal of The Korea Institute of Intelligent Transport Systems

123



o

ABIEE 22 A/l0|T0| AET7|8 DENE MA AlAH ofF

I Scannear | I Advertisar I

- Advenise
[ Scan Reguast - Discovery
SCan Hesponae i
-
s Establish Requast |, Connection
cM - Establish Response
g — ParingRenvest ]
risar al Pawing Hesponse j‘ Pnlrlng-‘BDndlnﬂ
Adve =
Advertiser :
& - 1, Daita
- v J? transfer

<Fig. 4> Bluetooth communication process

2. Z2H @3 =gl

z2H 84 ZFYL T VEJIH H&3H7] Hste] Tl ojmsk APEol JeA 23] S
g dolty, 2212 94 Z#|Y2] Frame Control & <Fig. 5>3 22 |2 A o] FTHIEEE, 2016).

Bits: 2 2 4 1 1 1 1 1 1 1 1

Protocol Protected
e Type Subtype [ To DS | From DS [ More Fragments | Retry | Power Management | More Data r;:m: +HTC/Order

Version

<Fig. 5> Frame control field of Probe request frame

Frame Control Zol= 16 bite] dlo]E7} A&lstA HH oJulsl= W82 tha3 2T} Protocol Version
ABZEE 2 bitol]l s§33hH, IEEE 802.11 WIAIA o] @A T2EZ WAL on|ditt T2 EZ WY dA
“00” #t= 7HAA "t} Types UEH & ABEZ == o] Qo] &g ZH ¢ (Management Frame)<UA], Al
o] Z#Y(Control Frame)QlA|, Blo]E] Z# (Data Frame)A|, 4 Z# YU (Extension Frame)$lA| Vel
zZ2H 84 =YL #E ZYY F UE o]E YEE “00” #h= ZE=Th Subtype A/ HEEoE T2
B o4 Zg Y-S YeERfE “0100” &S 2HA ©th To DS 9 From DSE Z4ZF 1 bitoll si=aty, FAw-S&
g N 7)= AR 2" (Distributed System)S 7]F0.2 ZH Y-S ALEE=AE YERlE 982 3tk More
Fragments A/ HZ == dlo]g] Ze Qo] dolrt dold HAAE Uiro] AdS A 2 A% olg d8Fe
AL Ptk Retry A BIEE WIAA Y AFo] AR ADE A gtk Ako] Hol HAAE thA] A
% 3HA 2 A5 ol wAR 9 TR A8 AH83t= B =o|th Power Management A|HE =9 9 3l
HAAE AEe o] g7/ AREE 35X YEidl= B =o|th More Data A EZ =& YRkx o
2 W37} e APIA HAARE e dEE ZTHAS A5 o RHE wAAVE HoAXE 17)] o)dY
A% o5 Ye7] A8t A3t Protected Frame A BF =& ] nit]o s dst= Ugo] a3t &
FEF g3 RaFHI J& AF ol YER T FE=olth +HTC/Order =2 %9 QoS(Quality of
Service) & A UstA] @& oA HolE HEe & o AHsAY QosHolH == #e] Yol B4 A
HE 333 ¥oio 2 W45 u] ARSIHTH(Choi et al., 2005).

124 QA=RTSYL|=EN| 197, M12(2020H 28)



ADIEE SREA/Q0|Ti0] AlE7|8F mEHE MM AJAH o7

3. MAC F&

MAC F4E HEYI AIHES tolg & A A %—N-"— A VES A QEF o2 dE 11
fr 2182} o|th. IEEEC o3 MAC F47t &l Azl 25 wet vhEo|xith A940 s Aese=
MAC F4F A|9Jstal, IvbAQl MAC F4v 2H2be] A0 duEE I#3 MEE 21 JlojA 2 ARE
S s st=gofe] AxAE e & 9tk MAC F4E £ 48 bit 2 TAFH, o] 5 A UHEES
OUI(Organizational Unique Identifier) A|ZHAe] AEI==2 ALEHT. o] MAC F4 #EE §

A zAel g8t oulhs 238 A9 T4 7| HAAA A 89 AR F AnEES AT
28" & + JA "t

1. 74 M5 AXIEA

AF JEE ] AsiA AP 4TS I T F = AME Aol Bike] 53 AlFE A&}

Zn
ALt o] AHle 2 o] TR LI ZRE FEHE FRE o83t nFAHEE HAFINES 7498 73
A2 FHE HEAHRES G2V AEAHREE EF/S & AEAHEEY =HlFAV] AEARES B
3 AE2E B35t AMHEE UTHAM et al,, 2018).
2. MH{ G[OJE
gir)e] z28 94 Z Y goly ZH YL S FALE HAZAI} FE5HE JEE MAC T4,
PN

ABAZI7F Ha, 2 FANE AAZA o] A &
HE7} Aol AZE AZbe 7158ke] AFESH dth MAC Fas dEe 729 F
FE 7Y o] ARE FA AE AA FAE Tl s =, 4wzl dAd
o dolHE T #elstr] fste] MME AEE sk ol& A%

WiFie| Fak<, 4l T IA dFe T4 ESHT A
A#A ID & 3%
= oz 13 3k

B4 A% 24 43

mlo
QL
2
)
Ach
QL
X
i,

X
it
>~
l“-\'r-d
m
X
i
>
}O{l
o
=
o
o
uj
119,
9
>
fol
lo
=
N
it
(o}
©,

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 125



ADEE SR FA/Qolnto] MTH WSYE Y

0z
>
I>
it
rO
-

Collect MS information |

‘ Analysis MS state ‘ Accurmnulate and
store the traffic
¥ information
‘ Remove fixed node information ‘ pattern of the MS Adding N-1 MS traffic
* information pattern
i v
representative value setting by RSSI
Generate pattern 5 there N-
‘ information from the intersection exist
current set start on route
| Select MS, N=0 | intersection number formation?
Select another MS
Y | Select start intersection number |
5 that last

" N Set adjacent intersection number
information

of MS? N |

as start intersection number

Search for adjacent intersection
information

75 there an adjacen
intersection number
among collected
information?

N

‘ Generate speed information ‘

speed >=
180km/h

Generate MS traffic

Set MS state vehicle information pattern

if MS state
history has
over 6km/h
speed

—{ Set MS state pedestrian

<Fig. 6> Traffice data algorithm

<Fig. 6> FANSHAHLAE &3l +3H vlolEE &8t FAARE A3 dagEs Ve
o T ASHARAE Tl AAE wxz, 9o B, AA" Ao ArdE die] AHE 243
otk AAE tlolElY] A £4& F& 1AH Aol HAE APY tlojE+ FHPst AAs= AUS
3 AR " AlEe] =17]9) RSSI(Received Signal Strength Indicator)#k-S o] &3t Tte] £ waz o
gk WFEAZHS ARG A A 7P 1A A" 9GS dAske] At E gds ]XJ“S]'OE] ol
A Atz HAEHA= o}t oS i AR AF AR HfPets ARY A 2 wxE

2| A4

A AT ARE O B AR R TARE olEHed A8 ALE AE 5 2
TAL Aole] A2 AVBRE G2 BU AIFHER AWA HA0d o] el 1l w2} A
3 maA AR PR Ao Bod 49 FENUdRe FeYslq JRE A fE AW
Ao AS T @A) Aole] e o|E&E, AT, ol 5U ARE A4 7AA) Ak o]
7 3uE v e I NEARE AEee YnE nwsh 4e AP,

U 4

AP WAZ FY AGYR Y DRIZ A DA Ao AW W BE A5 o
o 0|8 ERse B2o WEYFL Sfel] 5 A LuelF olth A1E #
BE Bt AW WAZY 57} 33 oY AP

—

126 RA=ITSYL|=EN| 193, T12(2020H 2€)



AN 31 zzwg A2 BAARE AR AL V)

ol gAHO] AYTHEA WA A TAD AEDALCE WA IR 2ADS)

s %—sﬂ BUATE BB B S8 TU 4 AT EW, AEnARG ABDAZC] WA 7
| el Aa e Adeld AHe A4EA Aok

2o AXHojolst HAWPE WAZ FARRE AHY 5 Yok

E
°
Tt;
g
El
off
o
FI

ShARE BB B0 Qs RE AA%A 6 Wil Z%Xlﬂﬂvt— UECE @l Uk & @7l
o] Apepe] A8 WL AR He AFTAR A9 A5HA 2 Auold

SE 3PS ¢ 5 s wAzA 44 2 49 Hagns Ag @+ 9= e

1. M8 e
2HEEZ @ir]e] Aert A HESHA 7Xm Aol F3o] o] FAA=A FHlshr] AT P& Y3}

Aok FE HZEE 93 74 @ 2% 842 <Fig. 7> 2t AE-giXF ool 177149 74 s A

ABAE Azl AAslel 4 B1s) LS SR, T4 AT 24 BAE w5

= ol
AAsta, 286 Yehd Wzs 24 AAZE FEsheE AR B4 UEY I AR DA dgshs
o}

B s E T
Srollnnq".—/ -
u gt pBREY2 1
Baud
bald L _"//—-\.
@
Hangnyeoul
> . ‘_,__‘_\
ng var{ ) ® N
4z b QuEEY 2
w Da \
GS25
GS2 (5) Y ._Daecheong
o
+ A
" RN . &b \
Dod @1 Laoime \“_‘“j \

[ )IK-DONG 30 o A \

E CEEL P G ~ \
+ 3) ((12) — YUEER \
= \

qase
JuS N Maebong Guryona

S A

| QI Ag Ko} \ #7104 w = |\
S =a & JUREL )

\ ® (D e

- ,;@/ A @

) 15 )
FYIADEYR .@

<Fig. 7> Field test locations

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 127



AnlEE g2EA/cloluo] MBY| DEHE MM A2 ofF

l

33 Bl Probe Carg &Fsto] A7 oA FAT 2rtEES] JA5E £HT F A I8t
= A8e At T HENA AARGATL A% A5Tol AAHU ol wxtze] g sk ¢
A8l A Bohs FAE )AL, ol= 2rtEE @Ev|eke] Al 9FE A= a]lolth I, F A=
of YFo= 3l FAlo] A& 2 Aolgt D U= 7HAA A A HES D AARA 7L A5}
A @A Aot ol S4S sy fste] EEHZE 7300l Probe car=FetHEA ©Eo HAA &S &
A EIL Prove cart FAE AY AA2E FHAL wo] AZEE 7|5k 2heFo] A AUzt A &
o] FANEIE A F o EAEeR A" ARt Aol 9] i}ol—e— st e Ak

r_E

WiFS] 4§ 9do] SYREE AF B A5 HHE 45 T/ DolA AAL olFrke Balol
ek o1g A2a] A8l ABE AT BBl AHE thest 20k AT B 1 RAHE Bk

Y 929} AAUT 4Y B2k 2T HolHE S APy SRR HofYe B 1Y
e g40) A W) 297014 FEHES TSl 4Ye AYSHAL WEFR £ Aulols 4Y B
W28 B3 AHE HolHE oz A& U A 4E AHES FHA,

FINISH

<Fig. 8> Probe car driving route

Wi
ol ol
fo

Fere] ol 54 RE <Fig 8>3 ol T4 384 WAt

b ST A 2ES 2dste] 47E ARE HlgoE A wxE ENfEHARES QS o1
AAEE ARFE Bleks A¥L PSR, A4E Al BAZOIA BTl WsI} A
%EEJHH%P-—E‘ THESS WY *3*454b ARl ofyl WA RS WA & Q= NEuatRd Y
AH7} A&HA GolE PEARE BHE 5 UEE 2od duES 2 gate] YAEE PR
& st 3 A2 we 5—.—7]— AT ARE o]E0] ARFE A= it £57} oj@A
PSR BAY 4 Qe TRIRL AANAT dolHE @ A7 53 £ ¥ vee] AX AnE )
dow melFel A gaiel 7 354 A,

ol N
t

—Ll

el

_C‘H_’,

_8.

l‘ll‘ oon
_2 o

]_

o

128  PA=ITSYR|=EN| 197, M12(2020'H 2€)



2. 4

o

i

Oﬁ
[
fol
ol
o
N

AAZR 7Y AAE A= AEA 0Y7]eke] AR, A %% 3’_343}04 *.:iri]ﬂﬂ Uﬂ%*’ﬂ WAE
o g 7k YA A drke BAE 93, ole éﬂ}E% =a-ld

A3, old tigk A4S FQl ?3‘} ] -r|5H Probe carg &

3l WARE olFst=tl AU AIRES AlLtete] A
&S AT

of
QL
&
$ o
g
o
(o 32
Jﬂ?l‘
<O,
f
SN
.ﬁ
}4
N
kﬂ
ot
ﬂ”‘

<Table 1> Detection time and travel time error rate

Detection rate travel time Error rate 'm‘;:!m Actualm| Detection rate travel time Error rate m'!o’:m |Actualm( Detection rate travel time Error rate
Round Round easurm Round easurme|
dd | MMM | gy | wir |intenl| BT | wi | BT | wiA dd |nttme | BT | WiFl |intenal[ BT | W | 8T | WA cid |nttme| BT | WiF |intenal| BT | WiFi | BT | Wi
17] 12:09.18] 12:09:18) 12:09:19 17] 13:34:4 135447 17 15.06:08 15:07.10) 15:07:13
1] 120951] 120950 12:09:52] 3 32 11] 13:56:26 135607 1 8 za,% 11 15071 1507:03 67 4 8 2687%| 2239
12) 12:11:40] 12:10:11) 12:11:41) 109 21 12) 13:56:58 135657 3 5 86.67% 12 15,0731 150737 A
S| 121225 w2 4 5| 135004 135001 124 124 0.00% 150901] 1508:03 =
2 12145 12145 14 14013 14013 159 157 3.204 15112 151128 144
12:20:3¢ 12: ZDg 141513 141513 141517 15:19:21) 15:19:21)
S| 12230 122307 122308 14 5| 141553 14:1553] 14155 9 2 152202 15220 161
12] 12:23:50] 12:23:49 12:2349 44 42 12| 141808 14164 12 15:23:36 15:23:30] 15:23:34 94
1 12:25:25 12:25:08) 12:25:3 9 9 1] 1418:31) 14:1831] 14:18:32 1] 15:2401| 15:2401] 15:24:01 2 31
17 122637 12264 iz 17] 14:2000] 14:2010] 14200 17] 15:25:21] 15:25.48) 15:25:9 L] 107

14 142329 14:23:40] 142334 14 153008 15:30:19) 15:30:14 287] 271

14 12:30:56| 12:30:56( 12:31.0: 25
13 12:31:43] 12:31:56 12:3149 4

2| 13{ 14:2400 142359 14240 13 153142 15:31:50( 9
12) 1232 Oa 1232:09 12:32:12 2 13 12) 142426 14:2430] 142431 12 15:32.04 153206 15:32:09 22
9 12341 12341 13( 9 142540 14254 15:33:3¢ 15:33:3( 9.
4 123557] 12355 12:355: 9 4 14:280: 14:280; 4153518 15:35:19 T£
1 S| 123757 123757 12'37‘% 12 122 2 5] 143032 143034 3 153711 153741 11
L \2‘0‘@ 12.ﬂ0‘0j 12 6 14:3228 143233 14:323: 153920 15:39.23) 15:39:23) 129
6 1247.44] 1247.19 12474 6 144010 14 Ao‘ﬁ 144012 15:5201] 15:51:18| 15:52:02
9 12492 12:49:21 9 5| 14:41:52 14:41:55 1441552 15535; 155354 112

1212504 125027 125104 104
13 12:51:45| 12:51:45] 12:5147) 41
14125220 125215 125222

12| 144334 144332 144337
13] 1414355 144356 144352
14] 14:44:33] 14:4436) 14443

19 155547 15:5547] 15:55:42] 114
13 15:56:43| 15:56:35] 15:56:37] 56 4
14 15:57.37] 15.57.23] 15:57:39 54 4

17 125357] 125354 12535 17] 14:46:18] 144615 144617 17 160022 16002116
1 1255:45| 125533 12:554! 4 il 1] 144648 144648 11] 16:01:01| 160051 16:00:59 39
12 12:56:11) 2 121 14:48:40 14:4802) 144841 12 16:01:28 16:01:29 27
5| 1258:21] 12:57:24 12:58.26) 131 5| 1451020 14:51.08 14510 16:05:29 16:05:36) 16:05:37] 241
4 125953 12:5¢ 9 91 1.09% 4 145447 % 1454 4 16093 16:09 241
9 13:02:20] 13:02:29 1!'02‘5 14 147] 9 145727 1437‘34' 145724 16:1201] 161204 16:11:1 151

12 16:13:31) 16:13:37] 16:13:32

9
13 161406 16.14 16:14:03) ﬂ 2
14 161504 msg 161501 se

1 m}w X
13 13:05.07) 13:05.04 13:05.08

14 1307asl 130saiazora  1sq

12] 14:58:50 14:58:53( 14:58:4!
13| 15:00:03) 14:59:31] 14594

14 15:0034 15:0039 15003

o] A& E3&| Bluetoothd] 3% 64.5%2 &
7} doyth. Wi-Fil 739 Bluetoothol] HIE| B2 S 7t 4
el oA Qo= AsAA 7} HAYsh=t] ¥l Bluetooth®] 73-%- 7%1]5"“’1] f%i 52 FEo|] WE
of AAE FEo] olFE g & UMh HE FHART 224E9] A9 Bluetooth®] -9 20.67%] &
M-S 7HAY, Wi-Fi9] A9 1248%9] 2388 2t o|gg A5 ZHA H olfEE A Af Al
o AANT oal ApgFo] ;M ARE thrIsHAl B A9 HAAE o4 A g F oiEgES dAs=r A
of olglH& 7HAAl Hal o2 Q& eA% AXA He ZA7F TAASHATE HHite] RSSIE HEHO R
AR A5 "\li@ﬂ%ﬁlqw 7V Wb AR gL 7SRRI R Abgo] A Sy E Q) e Ade] 2
A HEA HAS A AR ASE F dEGS dAske QoA AR E7F B A = STk Bluetooth
o] Al57t Wi—FiEﬂ- & 2AES 2 @ olf+E+ Bluetooth®] 75 Al59] =¥ F7]7} o] Wi-Fiol Hla|
JotAl Al A e e JS gelstith. AsAAZAA o do] Y3 A At E e A
719l RSSIGHS FAISHA e The Aol & 8]lo] Huth =k, Apigo] Az A2 9] ol X5t 7}
2 7V A A A EE A ANAE AAFA e A5 139 ©l+ Bluetooth 2152 5 F3}
go] "olA frEl7t obd kel H} FEE At B Folgo] Bol oS g & & UM
o} o]k 29122 Q| Bluetooth®] 22H&o] B 571 sHAl Hdthe Ae FAT + Uk
JEEH2E 7319 SR FANSE Fote IANEE uAE FRHEAR A Gl H83

;O

m
_a
m?_,l'
oM,
+ L

3

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 129



E EFF2/eolmo] ME7|H NSYE Yo A[AH 7

|m

A0}

A= <Fig. 9>9F 2t} idE 3 AL wxE F2H 3| oH —8}111 dtype BT9} Wi-FiE &3k dlo]
Bl EFlolth. h_cid(home_cid)= 71¥ RAE, f_cid(from cidE JAYRLAE, t_cidto_cid)E A& LAZE 9

vahe s cide SARmARe) PP AEE Aols] AT 1dom oF AR S 5 AR AP
PREEsh AuEE, ANEE, ERUA) AU YT DR £F RS WA

<Table 4>& AW TAZ FRARE AASHE dolEe] FE N /)E PAL AL BT
2z A5 WA Aol A, 1949 Z71&L 8.1%, 2817 73%, 38174 7.6%0Ih. 292 T 54 74
29] A% Age] 0% NEG7} Ao WAL FAYR w3 Ao 2= AT YA aF Auol o

olE|7} ot BEE2E o) B HRE setale] 87 T EATL B 5 ATk HlolE] 44
o] REFThI BUSE T HHA7] A3 P LuYFS AW S YATE
2 gete] @ 4 drkn Bt

<Table 2> Generated Data comparison

BT WiFi Total
Round
Before After Before After Before After Increase rate
1 1720 1844 1753 1909 3473 3753 8.1%
2 1459 1579 1771 1888 3230 3467 73%
3 1419 1560 1491 1571 2910 3131 7.6%
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