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C-ITS(Cooperative-Intelligent Transportation System)= -3} 2t T &3} Q=) 7k
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9 A 2" gu)git) 2016d HA-AF AHAIG S AR R 14552 9 Az AFAY
< B8 B4 A=z 7 gwy] B, CITS ¢ AR AE AFsta ok B AFeMe
FFFYGA CITS ASAE S B3l 39 MEATF vlole & &8st 1 AR APEZ
BERE AFsH] A PHES M EHENL A FYIT B4 AR 0R
U™ SR 4L Fdl €8 % 4 FEAAA BrkE FdskdT F71E CITS A
ZA] 717059 3= AE PVD (Probe Vehicle Data)®] F-&3F tlolE %S B3zt
DTG (Digital Tacho Graph) Bl°o|EE 57} +3 3l EHEN ] 83ttt ¢&= E447
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Ao} : CITS, AR, ¢3%, F3UAA, PVD (Probe Vehicle Data)
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ABSTRACT

C-ITS (Cooperative-Intelligent Transportation System) refers to user safety-oriented technology
and systems that provide forward traffic situation information based on a two-way wireless
communication technology between vehicles or between vehicles and infrastructure. Since the
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Daejeon-Sejong pilot project in 2016, the C-ITS infrastructure has been installed at various locations
to provide C-ITS safety services through highway and local government demonstration projects. In
this study, a methodology was developed to verify the effectiveness of the warning information using
individual vehicle data collected through the Gwangju Metropolitan City C-ITS demonstration project.
The analysis of the effectiveness was largely divided into driving behavior impact analysis and
environmental analysis. Compliance analysis and driving safety evaluation were performed for the
driving impact analysis. In addition, to supplement the inadequate collection of Probe Vehicle Data
(PVD) collected during the C-ITS demonstration project, Digital Tacho Graph ( DTG ) data was
additionally collected and used for effect analysis. The results of the compliance analysis showed that
drivers displayed reduced driving behavior in response to warning information based on a sufficient
number of valid samples. Also, the results of calculating and analyzing driving safety indicators, such
as jerk and acceleration noise, revealed that driving safety was improved due to the provision of
(© 2023. The Korea Institute of ~ Warning information.
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I.A &

Cooperative-Intelligent Transportation System (C-ITS) 7]& ITS9 &% 59 AR F3 9 A4
ol /] By Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2D)E 53k 43 FAFA 7€ 7o =
Aol RERY AuE Zil%—EP— % B AZHS onRT CITSE AnE AFwe U4 ddD
712 Z3E Fol AT A ALskal ks theskal, AH QAR EH ARLE v WAsE Ae
5202 3ti(Guériau et al., 2016; Uhlemann, 2015). 5] -9 A8 ApeFol] ok AFGARIL Bl o] ul$-
=0} A& ApFol ik AbaL oS 9130 Vehicle-to-Everything (V2X) 7]%F Hok ebd Au]2 F4lo] Hg
g A oI THLee et al,, 2016). 3, HAH WBATL B4 A4 G AR F= FAFAE Bol1 YA,

2021 7% watEe} TR s FHoA AR wFAILE of 108108 AA| 1 EALS] 49%E AFA| 5t
Hom, AR} = 995 02 AA Y 34.1%E *A|5tal 9 ThH(Korea Transport Safety Authority, 2023). ©] <l
el ALFolA S ARl oYk ofue} GRS WEALL e 7 Al 2ElS 50l Fasit
20009 HE Hl=3 £4, 48 SollAs FAVIEd wF AR AFS A% A" TS A
Rom A FPHolHE L85t Tef A77F JAHT Aok T A9 43 S gE wE
o] t-33la AntE Ql=zEE MAHOZ F=35}a Connected Vehicles (CV) 2 A-&F38 5 n|g] u%
d S-S flal AF= 2013 d AT TS B FAAY S FHskL ARA CITS AFA S F318)
o 20149 OiA-AF CITS AHEANGS AlZoZ A&A(2018~2021)2F AF:A1(2018~2020), <4HA|(2019~

¢

¥R rL

2021), 4"/\](2019 2021), TEEZ(2018~2019) & FEH YF 7 oA CITS AFAAS 333190,

FEANE AZAAES 58 dFuEH 2 F4Y CITS 75 2 A8 €8 239 710 248 F235190

H, Az 2 %E@Ec T 2408 A FE PAAY, UAE FEAL AT A T3 2L &

3 AR, AL AATFE ZUEE 9 S80S, Al APE 22 ASA 0 53 22 wEAHA: JE B2

AT T G ARz, BRTFAREAT T3 2 EEAHIA R Fo] CITS ©27E e 2t
1o

Fo A A DA E AFHIL Atk BE AHl2E A AAARE 7|Hto s 7] vy
o] 9lom YXNAHRE X33 thokdk A AE 9 AH|2~ 1% PVD(Probe Vehicle Data) HE| 2 A AFTh
B AFolAE FFA CITS 718 PVDE &85t CITS ZUARE A2 kel tisf A4 41
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2 AFE FFA CITS 3300A AFE = V2X 71d AR AFo & g5 2479 ¢<8%, F
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AA E2AA 19 FRuolEE &8t FAIAHE Aol w}%— Eﬂmﬁ—ﬁ% TPt AT AS @
718 B3l AAAREE AFT 7|3 R volHet AR g2
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71k 2 ApgF ) AAARAF 7ol w2 EFY kdg Hto| gk AFE AT AF W 2
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AAZRE AFstr] Mo tolEe AIAHRE AT T vlo|EE nwsith £443% AIFRE Al
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e dolEE &83te] A Z- Surrogate Safety Measure (SSM)S 7|HHO. 2 ALT T ES A&
TR o 83 SSMS  Time to Collision with Disturbance (TTCD)o|th. 443 AA| & B39
Holl Al TICD7} TICE T £ & Alal HAEY H w2 JHIAE e
2. & A|ZZ0|E{E &&st ZuHE M0 [E SN o7

Ko et al.2021a)= CV &AM AFE = A U] AuARe G35 Hr1sly] $13) Multi-Agent Driving
Simulation (MADS) 7]"-& &-8&3tdth &4 Alue] 2+ CVe} Regular Vehicle RV)9] A-53) 232 2
3t CV-CV, CV-RV, RV-RV, RV-CVE FA3IHTE &8t HI7IAE= Acceleration Noise Index (ANI),
Change in Relative Speed (CRS), Lane Change Location (LCL), CPI®| ™, 443} Max}afo] cvY v &=
S A 2T FEAgo] gl Ao E YERth CPIY - CV-CV AU oA 7hg 2 A&
FR3F Ao 7 Yelyton, o]&= RV-RV AlUg e vl CPI7} 55% W& Aolt)h Ko et al.(2021b)E= C-ITS
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o AIAARE AFHA ¥ AFE “Without” AU L, AXFRE AT AFE “With” AU L=
ERtaon, AEAF A A8 £5 9 SHFE AP 44 BE 214 &30 E A
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Byt 4 A3, oV 7EE 7 &5 A ARlaE FYEEE Hhel o)1 &R B =
+0°] H= AS=Z YEIST Ziakopoulos et al.2019)= =l thsh 2k W] AU R A28l FASE A
o] dEFs B8] S8 WEREAS stk WEHEA Ade A FE9] oF 1.66%7F T= td 2
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Ak AgPATe] AAYoE AFH BEF AAUolHS Bestr] Y pvDRY ofg DIG HlolE =
Be3gtis MM FEAHL 7ML Bog B AToME 2 AZA F $UsA 844 BALS A
ABFAT CITS Au) 20 38 287} AERTH= F30bAA datol] 24S 231 9= o2 CITS £9)
o7 Qg HFH FFEHe] asit

M. JF+9HE
B ATAE BFA CITS AZAHS Fd) TZEE CITS Avlzo] tidt &35 B4 4 Qe P}
=]
H

22 ANSIL @4 dolHE JHos B3k FPaksd B2 Itk CITS AulxE &
el 919 ARE vle AASL AAT FNPES FEs] AB 202, HUAT 4 % 243 9
A B

WA= AEE AFsA F& wo} tiulste] FHYEE vl E4st= Aol 78T mebA & Aol A
= 2AANA 5 CITS ABl2 AF 23& WESetol e Ao AAd HMI H2ZdolE Tl ojud
FEE AFHA 42 eolM 38 AEAF vl (AFHolE)et gl i AH7E Ed
Fefell A = E EolE(AEolE)E TSt E40 F&siTh AWl Ay 230 F5E dHtd

ApddlolE 9 AFEHolE T}l AR Al Foll Wik 2717} PVDel| 7] EHE T

AL A A2 Ae A5 242 =85 B4, FYLHA 24, 44 £4e=2 yHT PVD
g 7IMte Au|2E AP-ARS HolE HlaEA s 33T TRk PVD AR 0 9] A5 3] 7I%t]
A 45 74 840l A 2 F vk wEtA B dFodAs ASA ol 3 ¥ DTG Hlo|HE A
dlolEl 2 7}gste] VD AFFElolE o} mw A S F7HE o2 AA SISt <Fg 1> E324 PHE o
& NeE BRYFa gtk

‘Before” vs. ‘After” Comparison Analysis

PVD

< Jerk % Pollutant Emission Estimation
< Acceleration Noise (CO, VOC, NOx)

SAA £FEE CITS AMIAE BalA ANE FRAEE Jaaoz Briel] % A% F i 3

228 YURAMSYR =& 7| Y22, THI552(2023H 108)



M
-

ri

=2k

oo
HI

PVDE &% C-TS At2r if ZUFE Aol wg = &

Az TRl AN 2tE AT 8 Fo| An 2o talA L8R} <
248 AT lEls Aol S} BAgle] <Fg 204 2ol o)

= o
= NS 7IeeR A3 3o £ BEE SAXCE RludAste &5 ofFE AdsiA do.

05 :

Mean speed _ Mean sp eed
o4 == before In-veh. info. after |n-veh info.
3
o3 j
[
=
g
So2- B
01 B
0 I I ! |
52 54 56 58 60 62 64
Speed(kph)

Comparison between

Before and after in-veh warning info i

Before in-veh warning info. after in-veh warning info.

t-dt t t+dt
Time at in-veh warning provision

<Fig. 2> Analysis Sample Extraction
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C-ITS &2k f ZuFE Aol e

PVDE #3%

Aelok 51, o & & 0 ABstel CITS B3} SHYAE v}
A2 A8 A Wk 254290 8248 jé‘ﬂ%m A%
SA9 wAE A 97 dolE(el: PVD E

Yo CAPSSEHS B854 117 0 FAE 3
Aspergo] LY F 7709 7199 B, 87
<l Co, VoC, Nox o o
EodY wl&ge 2l

e

A D A A P PP T PP PP PP PPPRIPPPPPRIN 3)
4714,
F : Yearly average pollutant emissions
& : Emission factor
d : Yearly average travel distance
of7|A Ao AR F FAALY de =2 B FHAUE D H@)E e
d = ddaz'lyauerage X n X 365 ........................................................................................................ (4)

7] A,
ddail_z,/auerage :
»n : number of vehicles

Daily average travel distance

MEAFe A9 SRolFoAU FYSE] wet LABAY BTl Yolstr B ATl B
$o) CITS ©27) A2 Ago] WU ek ONG AWz LABAW WEAS 444 geg

(Table 1 #X).

<Table 1> CNG Bus emission factor

A AL 202139 =F

%E

W dutn) s w27k CITS AH 2~

e 7H o)tk 3942019,

=
T2, 2pEEA 28 @ CITS §lze) A3,
2020, 2021\ )2 A= T AYS

Mode Type Fuel Type Material Model year Emission Factor k
(€0) after 2014 0.935
Bus Urban CNG voC after 2014 0.0004xV2 - 0.0563xV+2.4117
NOx after 2014 0.0003xV2 - 0.041xV+1.4756
V. 24 #2194 2 d°old

FFA CITS AZAY g Farolth AFAYe] Fa A

WA 2 37} &

=4

sl FFFGA AW

% 183.4km TF7roll AA 79702 RSUZE AX(H T 24km/7)FH Ao AU 2, BHA|
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EYolHe @27 S A3 AFORRE CITS AMHl2 AE753 AFy et 715¢ PVDE A}
el & 907 BEIE Z15H ] Atk AFAR0l PVDE A
dolEl ot AFRHolE 2 W] HEH F Holy AL 7|2H oz FUd HRE EFstaL Tt <Table
2> AP-ARE lolE ALY, ATl thRE RS HolFal vk AR <Table 2>°14 #F3+
FOE Qs ARd-AFH oY 3 A% tiars ko7t SARH.

3D, Aol FAAR, S, HEEE 2

<Table 2> ‘Before’ and ‘After PVD Data Collection Details

PVD
‘Before’ ‘After’

2021.12.17.~2021.12.18.
. 2022.01.01.~2022.01.07.
Duration 2021.11.13 ~ 2021.12.12 2002.01.25.~2022.02.12.
2022.02.14.~2022.02.23.
39 days
1,692 vehs

Total # of days 30 days
Total # of vehs 1,609 vehs

BFA CITS AZAY S 53 AEEE CITS ARl2E wEHE107)), LE5H27H), +§ﬂra(77ﬁ)
ZF 2471 MulzolH o] F B2 JIFFUNAE AT, TEALGFL T8 &, AAE Ast YA

Y, A FEUA A, B FETA A, DB ASAF A O, 2

S5 © 2 [, ——%‘E‘ ‘Q‘Exﬂ‘ﬂ 1;1 Eﬁgx]’
QY ke 2 F27 V) AN22E F ¢ B FYARY B FYsah

PVDE] 7% i o2 Abdulo]E7} ALgtlolgel nls) 3 71t i, Al2~"lo] 758 o]|F Abd
tlolel 3ol olH¥t}. wEbA 753 PVD ARHOIHE Hekalr] 9fs] B ATollA= 20209 7€ 7 674
4 5¢ #3849 DTG EﬂOlEiE Aol AT DTG ElolE= XD, AHFEHY, AgHE, SHA5E,
£% RPM, 9XAR 5 217 ARE 233l o} DTG HolE Y 3 /8= <Table 3>3 2t}

.

<Table 3> DTG Data Collection Details

DTG
Duration 2020.07.01 ~ 2020.12.31
Total # of days 184 days
Total # of vehs 1,708 vehs

PVD¢} DTG R HolHol= BF 9 B & A 3ol thigh thefst A Rrt 23
o} DTGO 3522 XH o] Ae AFHE, AR AL, &5, 7HEE, A5, A5S
4319 om, PVDe| =3k5te] CITS Al ID, HAIA ID, AMHl2 %] ZE 5 Aujx

=

2 ZylH o8 FE3le] B &89t

]
24§

2) & AFolME 2470 Mul F AAA FIYE WE Q7ote F AT WS Au| 29 ‘2R AN F
g

WF HS0] gold o) AM2E F2 BT A¥2E AT,

232  PURTSSL| =27 223, M52(20234 109)
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2 ATl AE CITS E357HE 1814 PVD 7109 ARAF 235 B4, 79404 24, 8734
He sasa A4 AFARo ¢gr—; 8 FAokd S B SlalA CITS Avls AlE A A
Fo| & il

B dFddAe Az Ale A A 42 3029

=3 EW ARl E2 Alzd% Zos) 6129 FloJHE shte] £4 o= &t

2 =EolME ol FEAE T XA AN et Mul ATt AlgHE CITSS] 5 612 T4t
I

of 27§ ol Arl2rt 228  lom, o] ¢ oA Az oA A LAY} utHAdE
A& & % gtk mlebd B ATl 61% Foko] © shbe] Aulaut £2E ASUS FENER 53
st Ao 84T <Table 4> 770 FFA CITS AHlzel tig {FEAE 4 A A5 HoE
<Table 4> Number of Valid Samples for Analysis by Service
Service ‘Before’ ‘After’
( Hazard Section Warning 10,828 23,794
(@ Road work Section Notification 161 1,842
@ Intersection Collision Warning 34,840 30,777
@ Forward Collision Warning 855 1,121
® Jaywalker Warning 8,947 38,817
® Notification for the transportation disadvangaged 13 38
@ School Zone Speed Control Notification 239,900 1,330,340

D Services for which sufficient samples were not collected
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<Table 5>%}

<Table 5> Results of Compliance Rate by Service

Service [1] ‘Before’ [2] ‘After’ Difference ([2]-[1])
(@ Hazard Section Warning 21% 29% 8%
@ Road work Section Notification 2% 59% 57%
@ Intersection Collision Warning 48% 59% 11%
@ Forward Collision Warning 36% 55% 19%

g 71&o] 88ty & AFoAe B+ CITS

3) Mul2AlE AFE ERNRE HwEr] Y8l 43 BEFS AT
2 EEAZMS A 2128 AYHo] gon Anj 29

A
SHAANE BIs /)22 vhasianh SAAA NG B2 A
s £18 A7) 8l 22AE 3022 AR,
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Service [1] ‘Before’ [2] ‘After’ Difference ([2]-[1])
® Jaywalker Warning 33% 39% 6%
® Notification for the transportation disadvangaged 38% 55% 17%
(@ School Zone Speed Control Notification 35% 40% 5%

I:l Services for which sufficient samples were not collected

<Table 5>°l| 4] AF-Ho]E] 7|9t =-§57}F AR E]olE 7]k
A& o ‘DAFFSHA A 29 A9 Anj2r) ddH o
& g QAT F, Al Mujav A-FeZ AFEHAES u A =
AF ARG 19% S7HAth 31 4= ) 770 Avlzol tig B4 mEd & s
gry RE MUA(LYOE BAFHA Fe AU £359] Xols FrdS & 5 U I =
TSEY AolE B AHlae ‘QEEAYTL T 47 AR AR o] A} e ARl
AFEHRE o 2E5e3 & AS=E BRIt Tl o] A% Abduol8H e fFEME 471 AAFH ol 9] ME
2ot A 2o F712 Q0 Bajo] Has) Btk 2HAZ £ 352 xo|2 Wl MulAE @A
FEUA A MU 2Z FF AHlas T2 A A FPe aHE =559 FASE FXE BY
o} (Kim et al., 2022).
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<Table 6> Results of Jerk by Service

Service [1] ‘Before’ [2] ‘After’”  Difference ([1]-[2]) ([1]-[2])x100/[1]
(D Hazard Section Warning 114m/s°® 68m/s® 46m)s’ 41% A
@ Road work Section Notification 94m/s’ 65m/s® 29m)s’ 31% A
@ Intersection Collision Warning 116m/s® 53m/s® 63m/s’ 54% A
@ Forward Collision Warning 231my/s’ 49mys’ 182my/s’ 79% A
® Jaywalker Warning 120m/s’ 56m/s® 65m/s’ 54% A
® Notification for the transportation disadvangaged 135m/s° 74mjs’ 60m/s’ 45% A
@ School Zone Speed Control Notification 113m/s® 56m/s® 57m)s’ 51% A

<Table 7> Results of Acceleration Noise by Service

Service [1] ‘Before’ [2] ‘After’ Difference ([1]-[2]) ([1]-[2])x100/[1]
(D Hazard Section Warning 49m/s* 46m/s> 3m/s* 6% A
@ Road work Section Notification 43mjs* 50m/s> “Tm/s’ 16%V
(@ Intersection Collision Warning 61m/s’ 52m/s> 9mys’ 14% A
@ Forward Collision Warning 86m/s> 51m/s* 35m/s> 40% A
(® Jaywalker Warning 59m/s’ 56m/s> 3m/s* 6% A
® Notification for the transportation disadvangaged 63m/s’ 54m/s> 9mys’ 15% A
(@ School Zone Speed Control Notification 52mys’ 48m/s’ 4mjs* 8% A
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<Table 8> Comparisons of Jerk and Acceleration Noise between DTG Data and PVD

[1] DTG [2] PVD [3] [11-12] [3] x100 /[1] T-value P-value
Jerk 12.78mys’ 11.74mys’ 1.0mys*® 8.1% 2744 0
Accel. Noise 4.72m/s? 3.54m/s* 1.2m/s> 25.1% 1091.8 0
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<Table 9> Comparisons of Emission between ‘Before(PVD) and ‘After(PVD)’
Material [1] ‘Before’ from PVD [2] ‘After’ from PVD [3] [1]-[2] [3]x100/[1]

co 6.07g/km 6.62g/km -0.54g/km 9.0%V

voC 2.83g/km 3.01g/km -0.17g/km 6.1%V

NOx 84.70g/km 90.15g/km -5.45g/km 64%V
<Table 9>+ F& 2 J=d WjEFo| CITS Al AF olF 7k o= 2713 718 o = ok Y
E
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