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Some Lessons Learned from Previous Studies in Cooperative Driving Automation
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ABSTRACT

A cooperative driving automation system is imperative to overcome the limitation of the stand-alone
automated driving technology. By definition, a cooperative driving automation system refers to a
technology in which an automated vehicle cooperates with other vehicles or infrastructure to increase
driving efficiency and safety. Specifically, in this study, the technical elements necessary for the
cooperative driving automation technology and the technological research trends were investigated.
Subsequently, implications for future cooperative driving automation technology development were
drawn through the research trends. Finally, the importance of cooperative driving automation technology
and infra-guidance service for automated vehicles were discussed.

Key words : Stand-alone automated driving, Cooperative driving automation, C-ITS, Infra-guidance,
Driving safety



A&FYAG 7% BHANA £ Qlxel Hofsl WE LoplHE olF £85I AU A%
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Toh 71 e7Nge] o £l QITh AEFY F1&e LA Heloh YL Fol7] I3 ALAA A
3} B 2ET} ol RolAn QiEl, A&FY 7169 B o §A7 FEEA A48Ty B WEALE
274513 QU FACIT o Bol, AT dolw, HEeh, $H 5 A&FW ABA RFOE 427 7]

T ol&ste ALl SUkEtY olek #¥HE wEALTE Tk WAYSTE <Fig. 1> AA BaE Abx
o] & AHEE A, ALFEeR EY HA oF, ATuAE AL F2E FE AL oRE AL
5ol St AT A|2='le 2o Jhvel, 2holtt, gt 5 A Al ojEste] Fast=H A A
59| A7 Abare] 99102 A &= 1 QITH(Noh, 2021; Hwang, 2020; Soh and Moon, 2018). £3], }2Fe] Al

Ae A28 =2 AAAYE olFAE AAsEE AV low, AEFA e 7| AEHA 32
=034, ‘lhd-?— oA He w0l Askd 5 Aok AA TR wFEAILIME HaAte] Bt
e g 5= AU 2F, FPAG 25 tigk ZA|7F A7) = A thSoh and Moon, 2018).

olggt ¢ ?_‘é A}-&5 3 (stand-alone automated driving) 7]1&9] HAE FHII7] 3 FHY A&F
(cooperative automated driving) 7]1€2] "R Ajo] UFEAL o7A, SHE A&FPo| M AFo AlA
oF F3 22 g% A&7 A2"E ety Y ST A2FS AEFYA | OE A E
= ozge §EENFo N FPo] FeAT AAAS BolE V&S 9uIATHUS. DOT, 2018). A&
FYPz+ §- B v EHAME FEE AT A2EE B2 94, ze, A, &4, i By
A 5 OFs T2 FARE AAIH R SYd= A2 2|53 th(Autonomous Vehicle Convergence Future

&4

Forum, 2018). A&7 7|40 @AY A29e B4} sol 24 2 Folde S44 IAzURT o
ANE EAE AN = Uk SYE ATV DY) FHY A2FVL WA 228 FYSE O
& FelAh A2 ARG T3 wolok 3] wlRe] AF] FA7I&RY ohleh Axet /)& ERAF ¢
ol SILA Holok Bk FHY AT /1% AL Bagol F71gel wek A AAHOE AFA
AZI AL ohIEt BF B AZES] 719, 2 Fe1W, FFNE, AT/1B0l Bl /1% AR
o Felsta itk webAl olsh B J1& B TS BHHD ol F B $F PAY 42T o}
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<Fig. 1> Accident Cases of Stand-alone Automated Vehicles
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B ERodE FUsl 898 425 V1% N 59 ATEY ARk 78 dre] 4L v
stk Ed 487y ATEe 7] O 9T BAT FUA R W9E AE, A7) H
E2 Foi 48 w3 T2 AASI Uk B ohleh A&FW 714S BEHE AuaE FHACR
ABH AT FAAFAF /1% NS FHHOE £9T AT 5 YT FHE AT AL,
AT AT FF AEES Fol 0% D YAY ALTY 57 24 9 B2 aE Lopolq ol
oF @ 7147 B ANGA Bk R, GF ALFUNYT Azete] WS T ALFY )5S
ARSI BN E ek sholdls Al ARGl BE AAEE EEnA Bt

2 =2oA e AT Ve 3HE oY Ved £oES Fo] o2 FHIEE, ofold it 19
< AT HvA, AFS & fol= FH3Y AEFYPXFH(CAV; connected automated vehicle), 713
E]E 2}K(CV; connected vehicle), =& A-&F3 AV, stand-alone automated vehicle), 18] 11 Iwkx}ak
(CHV; conventional human-operated vehicle) &2 %7|3}9 T} 18] A-&FY7|& #HT Soj= Y &
£33 A|2El(C-ADS; cooperative-automated driving system), A+-& & 2 5-3J(CDA, cooperative driving automation),
244 7 4 4(ODD; operational design domain), 7 X2.3£E7X|(HMI; human machine Interface)2 3£7]3}H . v}
Ao Ay wFAAY FAl e TFd foe MY As5E 2 FAA(CITS; cooperative intelligent
transportation system), &3} 2} 7F F41 (V2V; vehicle-to-vehicle), 23} 12} IF F41 (V21 vehicle-
to-infrastructure, 12V; infrastructure-to-vehicle), 2334 &4 AL, A=t X3 1+ F4I(V2X; vehicle-
to-everything) ©. 2 UEF A TH.
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HAEY ALFPS Y= CITS 71€9 V2V, V2I, 2V 59 V2X 54 7]&o] E Q3 tHChoe, 2017).
&5 AFT 8 945 A4AZ F de 54 7iso] FiE oot A& FatEH 9 =
2oA FH3 HEE ADsta, ohE Aoy Iz 2 RE HEE AT 7] WEolth olHg 54l
Zles B3 A2HE WAAE AYsr] f8 o¥d FEE PR Jdoh diEFEHOE =9 SAE
(Society of Automative Engineers) International®] SAE J2735 EFoA& 252 V2X FAld 3= & HAIX
A, dlole Z# Y, dlolE 84 5& H 3 THSAE International, 2020). o] 3 FFol|lA A oj g v2x WA
A& w3l Y3 54 ZEEZZ = IEEE 802.11p/WAVE(wireless access in vehicular environment) 3213}
3GPP9] C-V2X(cellular-V2X) 541 ZZEF0] AFEE I THLee and Lee, 2020; Mun, 2019).
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<Table 1> Relationship between classes of CDA cooperation and levels of automation

CDA

Driving Automation Levels (SAE J3016)

No Automation

Driving Automation System

Automated Driving System(ADS)

Cooperation Classes

Level O
No driving
automation

Level 1
Driver assistance

Level 2
Partial driving
automation

Level 3 Level 4 Level 5
Conditional High driving Full driving

driving automation automation
automation

No cooperative
automation

(e.g., Signage,
Traffic control

Relies on driver to complete the DDT
and to supervise feature performance

Relies on ADS to perform complete DDT under defined
conditions (fallback condition performance varies

device) in real-time between levels)
Limited cooperation: Human is C-ADS has full authority to decide actions
(e.g., Brake | driving and must supervise CDA
A : Status-sharing | Lights, Traffic |features (and may intervene at any|Improved C-ADS situational awareness beyond on-board
Signal) time), and sensing capabilities may|sensing capabilities and increased awareness of C-ADS
be limited compared to C-ADS | state by surrounding road users and road operators
Limited Limited
cooperation (only |cooperation (both C-ADS has full authority to decide actions
(e, Tum longitudinal OR |longitudinal AND
B : Intent-sharing | . 'gl" M lateral intent that|lateral intent that|Improved C-ADS situational awareness through increased
ignal, Merge) may be may be prediction reliability, and increased awareness of C-ADS
overridden by overridden by | plans by surrounding road users and road operators
human) human)
C-ADS has full authority to decide actions
C : Agreement (e.g., Hand Improved ability of C-ADS and transportation system to
seeking Signals, Merge) N/A N/A attain mutual goals by accepting or suggesting actions
in coordination with surrounding road users and road
operators
(e.g., Hand . . .
Signals, Lane C-ADS has full authority to decide actions, except for
D : Prescriptive Assi ,ent b N/A N/A very specific circumstances in which it is designed to
enm Y accept and adhere to a prescriptive communication
Officials)

Source: SAE International(2021a) J3216™ Standard.
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<Table 2> Infrastructure support levels for automated driving in projects by EU

. Digital information provided to AVs
Infrastructure Support for Automated Driving — - - - - -
(ISAD) Digital map with| VMS, warnings, | microscopic |Guidance: speed,
static road signs |incidents, weather| traffic situations | gap, lane advice
A Cooperative driving ) o o) )
Digital . .
(©] (©] (©]
infrastructure B Cooperative perception
C Dynamic digital information o o)
D Static digital information / Map o
Conventional support
infrastructure E Conventional infrastructure / no
AV support

Source : ERTRAC(2019), Connected Automated Driving Roadmap 2019.

Urban area

VMS

E M Level A
N I Level B
Level C

M Level D

Level E

Source : ERTRAC(2019), Connected Automated Driving Roadmap 2019.

<Fig. 2> Infrastructure support levels for automated driving - on schematic road segment
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AR FT g Jjdo] 1YF 1 Itk CARMA = HH 08 nFuEre)
J_#;?—_ﬂnﬂ% = s} of 2014\ d5E AAA FHHD lon, o] ZE A W= 7N o
Eo| SAE9} A& BES dASY F9Y A&FAES g A77F WY Utk CARMA Z2 192

W A2E HE &9 ALt CDA M A7 220" 9 E A AFXEY(0SS; open
source software) W] O 2 21xgte}l g T2 o] 8-S A CDA 7]5& AEAZ F Ade 7E NEe &
EE 3t U THBujanovié, 2021).

CARMAT A 47k oA Z2I-& dstal Ql=Hl, <Table 3>0A UEY 9l%°] CDAE Hfﬂ
AF, ANEs 9% =2 EY, Wyt Y 9 B, Foj@Adst dgo® FAET CARMAS AlF
CDA 78} HI2EES 93 Il AZESojo]th. CARMA A& sidst= 47k 71&2 BF V2X
B4l 7)ol o3l #EshH, o]k 0SS F2lo Fal 7)ol 7ukste] AgFqAE, A2, Ji1E T2l
7] b A Balo] 7h53lth o714 V2X BA1E SAE 12735 WA Al E2E 7|HEo 2 AL8A7) AEhs v A
FEE Mdstar Qo olFA MEE Ves wE EFTE S Y #E, =7 Eoke] CDA 7]l
% /\1711, ANEH oIS T3l Alxgle s Frigitth Bu olyg CARMA Z2 132 A4 8t
Al, 2t Eoke ols|#AA7F CDA 7|& M3} HAE AT 5 JEF st 7|& M-S 71458 st
O‘E‘r(CARMA | FHWA, 2022).

CARMAE FH Y 233 Az M-S 98] AT Bk ofyeg} dlolg] 95, HIAET3
AFS % ARAG A", H2E EFF X3ste] /Ego A FEY A&FYS Add] 3 =
2% Az 7le M A ol & 8AE AFdTh FolRT Ao} s flE) thekdt olsAAA
59 Frt HAFs Aty TRAHE 2U|REH olg% § 0}04 7F AFZRAES Xt ok
olgfgt LA E 9 FAI FIAAE ALTY 7|Eo] shte] 4] Eof WMt ofye} opd RREE A
H| 29} wF Al2Hlo] HSIE o] & Fithe HollA 7l&e] Ad WS AAdT E 5 it

)

_I

<Table 3> CARMA Programs

Program Item Explanation
C Cloud A set of' downloadable, cloud—b.ased, OS.S sen{lces enabling communication and
cooperation between cloud services, vehicles, infrastructure, and road users
C Platform A downloadable, vehicle-based platform that bestows the research functionality of
a C-ADS
Products A downloadable, vehicle-based application fi ual d) vehicl d
C Messenger o oa. e, vel c.e— : a'pp ication for man (nonautomat.e ) vehicles, an
enables their communication with other participants to engage in CDA
c Streets A dc.)wnloadable, mfras.tructurc?-based.applwauon S{lpportmg CDA pan.lclpatmn of
the infrastructure and interactions with other participants to engage in CDA
Traffic CDA application to recurring traffic congestion on freeways and arterials
Research Tracks Reliability CDA application ‘to nonrecurring traffic cogge§t10n on freeways and arterials
(e.g. work zones, inclement weather, traffic incidents)
Freight CDA application to commercial motor vehicle and port operations
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Program Item Explanation
Everything-in-the-loop (XiL) or simulation includes hardware-in-the-loop (HIL),
Simulation model-in-the-loop (MIL), and software-in-the-loop (SIL) simulations, with multiple
CDA systems in the loop equipped with CARMA
1Tenth car A scaled-down vehicle equipped with a slightly modified CARMA Platform stack
Evaluation Testing Educate stakeholders on CARMA, enable users to test their CARMA capabilities,

and build awareness for the benefits of CDA

A cloud-based data management plan supporting the fusion, analysis, and
Analytics management of cooperative, automated vehicle, and traditional transportation
data

A community of CARMA users, prospective users, and other stakeholders
working to advance CDA through shared expertise

Collaborative

Engagement - - -
Provide the necessary resources and assistance to enhance collaborations

supporting CARMA development and deployments at no additional cost to users
Source : CARMA | FHWA(2022), USDOT CARMA(2022)

Support Services

2. o HE KIE2Fd N &

e d8y AeFY 7e NS 3 vixr2g o thofst Aol o] A7) Foste] AT T2
AEZ £33t thE 2 ©F MAVEN, CoEXist, TransAID, INFRAMIX 59 Z2AEV} glom RE =8
HAEE FHAEU; European Union)e] =02 o] FojRt} 7} L2AE= HEY A& AB2E A
£3} 3t A £, 15 F #e, JdZg I T ARERE 2EEig ey, AT Hxl et 3343

4 W93 24e 52 FAE A,

1) MAVEN (Managing Automated Vehicles Enhances Network)
MAVEN ZZAE= FHo ASPEFY ZTZAE F 7P 1A A2 Z2AEZ 20163 - 20194
7 vaam Z2AEY 5HL NTNARE EPHE GEF ERN FHFY
I W LudE AL WYFYol e s1Ee Awsta o =
THMAVEN, 2022). A-&F8F0] EQ8 & EAGGIA 812 R B o] &
A Z2AEL & 4 9lth MAVEN Z2AENAE F 16719 F2A0l2~E F&3)
(Schindler et al., 2019). 27 0] 2 _:Uﬂ A}t (Platoon), &% 7S B, X2 A
A, AzHAs} A 3F F Y, e F EALFLE A A olH3 {2 =
S=2 Egt 4ue]ES Platoon 84, A, T57MA Platoon F4o] kS -Fa, 4543} 3

#,
B3, AF 1 WY BTEE =P Ut

i
of
ol
24
o
ol
Og(:",

N
R

2) CoEXist

CoEXist ZZAHEE= 20173 5FE 202037H4] §-732] 47 =A|Helmond, Y@ #E; Milton Keynes, ¥=;
Gothenburg, 2~ ¥l; Stuttgart, ) A FH ZZAEZ A-GFY2E 7|E BIA-EFYAFo] TA U]
S2A EAEHY FHE F e EE2IA viAd FHE T 8= ATHCoEXist, 2021). AFFe] 71|
U dEF3o) o3 7j&Ae 24RY V& E2 YEYIE A-SFHPAEHCAV, AV)F BT3P}
ZFCHV)o] A& FASHA Ffate] ALEE ¢ IS =8 LJAY AHF o] &FA S dFe A3}st=r
EAE T3t o] ZRAEAE AA, 1z, AlY, Vs, Beed 2 #E, o] 8A FHAA A&
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PAFE 8T F = DAE ‘Automation-ready’ 2 HOStH L, ZHte] QA7) ZhSofok
3} 9 th(Rupprecht Consult - Forschung & Beratung GmbH, 2020).

o] ZZAE Fg W /| TANA FRS F2A0]E <Table 4> ZTHOlstam and Johansson, 2018b;
Olstam, 2018). 7} =X E& AFH, A9 EAo| Bt FoAlo|2~E vidsta, By, 435714 1194
ZRAER, ALFYPAFE T B YEY I FA Y AMAY AF glo] 71&2 YEY A Sgiet
< rEsAY. 4 fFaAolEE AEFYAFY A S (market penetration)o] Wl BAE TE
(introductory, established, prevalent)3}al, 2F&F2] FHHY 7]5(driving logic)S A3ty T2 3z
83 75 Aottt 7|4 3 FEr)e Al A AENE &Yt Rail-safe, A& 2
o] AHA o7 2A3AA FH7)5S 33 Cautious, ¥ AR AR} FAE FHSHS 385
£ Normal, 9 3743 02 £2 o] 849 P52 <128l o =3t= All-knowing TAIZ TFE3TH<Table
5> %a1). o7]A, Railsafe?t Cautiouse= FHFPo] B8 gle 5HE AE&FPS 9v|sta, Normalt
All-knowing= 2 7t FE3 F4lo] ad AR JFEEP A& 7|5s st FH75ol= & F
UL olFA AEFHAF AFEH T Pl wet fFaAcl~EE BdS HASA, VISSIM AlE

golde &8s 1 adE HAFsA

2wg 4%

(i)

<Table 4> Use cases of CoEXist project

City Use Case Modelling approach
1) Shared space (car, pedestrian, bicycle) Micro
Gothenburg, Sweden — - -
2) Accessibility during long-term construction works Macro
3) Signalized intersection including pedestrians and cyclists Micro
Helmond, Netherlands — - - - -
4) Transition from interurban highway to arterial (speed change) Micro
. 5) Waiting and drop-off areas for passengers Micro
Milton Keynes, England -
6) Roundabouts Micro
7) Impacts of CAV on travel time and mode choice on a network level Macro
Stuttgart, Germany - - - -
8) Impact of driverless car- and ride sharing services Macro

Source : Olstam and Johansson(2018b), Olstam(2018)

<Table 5> Driving logics of CoEXist project

Communication and

Driving Logic Definition .
cooperation

Rail-safe The logic based on the switch principle: if anything is on the collision course X
OFF if not ON. The vehicle follows a pre-defined path for the whole trajectory.
. The logic calculates gaps accurately and only merges when gaps are acceptable,

Cautious . L . . X
and it slows down every time its sensors can have blind angles to have no surprises.

Normal The logic of an average driver but with the augmented (or diminished) capacities 0

of the sensors for the perception of the surroundings.

Perfect perception and prediction of the surroundings and the behaviour of the
All-knowing other road users. This automated-driver is capable of forcing his way on other (6}
drivers whenever is needed without however ever causing accidents.
Source : Olstam and Johansson(2018a)

3) TransAlID(Transition Areas for Infrastructure-Assisted Driving)
TransAID ZZAHEE 20179 HH 2020971A] J)d Z2AER 2A-gFPatgo] 7«34 4 Q42
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F7)5S 483 FIL F gl AFolA dzept AEF Adat7] A% 7]ETHel
a 71A, A&F ] A5 FEE& FH ok she Ve B g olet e A Al
2F B2 ERAY 3V 59 A4S dE E3 JTH(TransAID, 2022).
TransAIDE T2 &5 0] E7Vs3 d3ollA 247l A 2 AlojdE o] FshAY kA o] AAFet=
Adetes Aul27E F8 AT otk webA o] ZRAEA TFE faAo]29h AvE s dREA
SEWFEH] obd AEFY Tl dE AT & e BFE GO E itk =2 FARA] ok
F8 Ads 9ls) Luk A=AV, CAV, CHV E3ho| M2 HEAEE Fet=F AU, A-SFP A
HAE T A o] EAE FFoA L2 ARZMAS sy, dRT B EFFAA AEFHE A5
She T Al A, AL BA) Al wAkE Alo] Fo] EIFE th(Wijbenga, 2018; Wijbenga, 2019).
JNxzeprt A&FPatFAA BAE Fol Au =g Adsy] feie E2u4ES AARJIASL o]&
FAL MAA R st CAVSF CVOlA Aok 3=t ol& A8l TransAID= =2 QlZeto] TS ofof
o= M 71 =3 %*1 71, AHl2E 97 BEAAE 2K (message flow)E 4 2| 5FSATH(Correa, 2020). ©]2 3
2 < AAE T AT BFA W&o Ak Qlzete] o Aot ofyt
= 4% %6}1 FT FEFY 71E M Al aEE o ANHEQl 9AE AT AolA 297t Qi

L

r o

4) INFRAMIX (Road INFRastructure ready for MIXed vehicle traffic flows)

INFRAMIX Z 24 E= 201795 202080714 AEQoH, 71E 23 2gFxeFo] EAE nEF
AM ALEFHFAFS AYPstr] 93 =2 A= /&S e T2 A EOTHINFRAMIX EU Project,
2022). ZRAEQ] o] R & Eu} §l%o] o] ZRAEE WEFE Wl o] EE dzehe] ATl %=
AL BF1 Utk B2 Qlzele] 583 a4 tAY 84E AAsty, dadels, 24 2 H2EZA
ddo FgE& 25T E N TH(Lytrivis et al., 2019).

94 4703 MAVEN, CoEXist, TransAID ZEAEV} FE TATEE A2 33 TEAEYTIYE,
INFRAMIX+ A&7 E20A A-&Fxtge] 345 A dst7] A rlAAQl 75 A2 EH“:J_ ‘E}
A Al 7HA 1E EE TR e, AEFAAEF AEAR P Al T8 AR &
Az WA A, HEAH(E TN SEH Aol 23T o] = E—oﬂ/‘t =94 OHE}E

FHAAE Y 2204 wFFEE AAE Tl T A A ARE AE3HE RSURoad Side Unit),
ZHERE AFor HEd 75 HE Hghil= OBU(On-Board Unit)S Zé/l%bz Ak =3 HAE =
54l 71#(C-V2X, WAVE), 4l HINA 5& Aottt 214 a4 1t B4l 713 &4l WAA 9 A
HAHE A" oA E Yehgo], FEE A&7 AFs AYshy] A4 B84 840 4T3 flof
5SS AYFoEN £2 FIAe} dze} Ao WS HFSA A A S Th(Erhart et al., 2019).
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LEL AEFY 7le e Hdl v, 834 RV R g3 FEs A5 FAsa )tk A
F3 71€& FE35F3 9l SIP(Strategic Innovation Promotion Program)+ ¥¥-2] 3}8}7] %3413 2] 8] (Council
for Science, Technology and Innovation) =2 3+ #8l7|& AF/NE 2102 A5 E31=
SIP-adus(SIP-Automated Driving for Universal Services)E 531 Z©|t}. SIP-adust ALSARL 74, 1E &5 &
3}, A5 UAE A% wESY FRE X2 AEF 7|EE /NEsta U th(Cabinet Office of Japan, 2021;
SIP-adus, 2022).
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(Cabinet Office of Japan, 2021).
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o

1) C-ITS Alg{A}
S$EuekE CITS A AF(2014-2021) S S8
7028} T(Ministry of Land, Infrastructure and Transport(MOLIT) |

sg;(}ak S 2HA o2 AYsle 7o Hue B2 FHAS ARE

A5 IR %x}ﬁiﬁ@/i@ﬂf—- s
AR A2S 993 LDM(Local Dynamic Map) T7%7]<&
2AARR} AA FARRE S5t ZFE‘“ﬂlﬂl Adshe

B AAIAE FEAD, GEF S0 SAY

ZeoE 57 AAe AU Fakd

= H2EHEZ A3 7]es

EZo A ApFe] A

l

ZReke 7
A9y A¢
C-ITS 71&

Azt o2
dza) Slekd =X,

4z5 ot

L3}

ol
rlr n

]_

14 EA 7%

rok fetE es 4

Fe Adsr] A dxze} rjes
C-ITS Pilot Project, 2022). ©] AFY2 AH&5
g FRAANA st wFAL

g Asted 2YS BFL o A71A, B2 SRR JRe AETAAE, Y, dEas &

BB, 23E AR 5L FBTHTable 6>). AEFAL ALY YL B TG B ADw
ohU), AAl Aol G WAL AW, SEA), A% 71 FAYA) Baw Fus} Basi),
Apgp-olze} b BAlolLh 24 2k B4 Z1%0] Bashy] wel CITS 7|14 B A&7 J1%e] Fa
& axolth G WY ARFY 7% AL Ao o] AAGIE Bl AE <xel Fe FAAN
A 7143 B4 714 B8l A&FPAL FAsY Wad vk A S HuE ADFO

24 Qxe A9 Biel YUY AeFYN S o BRHOT F3T + oS

<Table 6> Application of C-ITS Pilot Project

No. Function Application field
1 Location based vehicle data collection o . . o
- - - — basic information collection/providing
2 Location based traffic information provision
3 WAVE communication based toll collection Toll collection
4 Hazardous location notification
5 Road feature and weather notification Safe(caution) driving support
6 Road work zone warning
7 Signalized intersection violation warning .
— - - Intersection traffic safety support
8 Intersection right turn conflict warning
9 Transit vehicle operation management . .
- Public transportation safety support
10 School bus warning system
11 School and silver zone warning .
Pedestrian care
12 Pedestrian collision warning
13 Forward collision warning
14 Emergency vehicle approaching alert Prevent accident between vehicles
15 Vehicle SOS application
Source : MOLIT | C-ITS Pilot Project(2022)
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2) EA=2 X282 Fdl oM o2t 944 (Research on Safety-Infrastructure for Connected and Automated

Driving at the Urban Road; CADUR)
Tl FERLFTE FHOE ‘AR A&FYF b=zt A720192021)E Tl 98 A
53 AMul=E 3] i 2 A =319 TH(Korea Automobile Testing and Research Institute

2022). ©] AFE W ARAFoI G AN e CITS AMARIT D2, 485
Aol 79 AR AUe7] A% 7% Ade] 2HS BF] FAFUT. A&FY AW 4 FEL A
37] 913 Qlxebel 432 UL, olHT 714S TN I3 FARR 5 7% el B
ENEECiy)o U4 E2)N WFE FASHAT AEFY AFo] BAR BE T A Ao 2rE F
B3] ofele ARolA Qzete] AL Bl ALFAl ASAES HRE AFHE &S AL
et} Agolsl AFsHe ARE Axet ANZOE SPY £29 oFA AR, APl A A
37] ofele LDM lolo] 454 81) AuE A&shl Axstel Aol AEse 71%e ALho A
FErAe A% Aued 2 HE YR ALAAE FYSAn AES 432 T =2y JRE 57
o MAARSD AU F1E A E T AT ARE ATE 5 2= EAFE FAPOR
W ALFANG 7Y A Axetel Fste] 7Y RS ¥Y F 9SS BT

o A7E 304 WAL SHERel DTS AEIALE TN, 497 el KA TY
ot FA TR} de BWARE TPHT Ak The] 2 AF UBAA, FA 1EL Jwos
B8 T2 ARFIRFAV)0] A BAHE BT, T 22 oA Azt 49T 5 9
£ 164 998 BAYrhs FIA BT ASEFY ATF AT PP ANT AT F 5 Aok

34>

5. U2 e NEFY JlE Ve S Hlu

Al Aol Zled v, £, €, 2 FulM sdlE dE8E AL 7le N A7E <Table

7>3} o] QoF3HT. %%94 A7 A AY ¥ 5 , 84 7led AH2E AlEskste]
thekgt FA7E Fofste] A Tt v, vl=d 8 283 S AFHAE AR 3F TE
ATE FHsta, AEsE EH 7les A Wihe Mo E FHENTh 7 ZEAEE A&FY T
7€ MEE FRE she wEF 549 FHE A4S HeE Aosta, EAEHY A 2] FRCAV,
CV, AV, CHV) %3¢ 43t AF& 2ds AS & 5 S

1= CARMA Z2ZHEE= A&F FIhollA CAVZE FEoS AU o] $HE 71 AFE 73319
7] W&o CAVZE obd ThE ApgFae] Al 4] JE T dAge R 207 otdt) v=e 2

&7 71E NS dolr, Hegt 59 WMol FEY, FFS AE&FTHAFe] YT 7S
T AEE HolE FHFEE ATt A5 & Jde A S vHbsFE Ao FH ot

=3 22§59, 48, 283 T AT BIAETEATET ARk S/ AFoly HlolE
SEHEE BHAA A Tk FHS nEF AN, AETPAEF Aojd A¥ 5 Tk AT
E Y9, ATE T I fFaAclaE AN EBS o3 Z2HEE B8 T Asak
Az 714, 2ZES o] /i 714, AlEd el 7I9Eol FAsialr] Wl 71 /Ee i8S 7Rt
oA g2 YetEsd} AEAL 7FHTE =3 CAV B7) olUel AV, CV, CHY, 237} 5 kst =2 oz}
oFe] EAGEE 1 AFE FXt, AA AEFPAF] EEE FHD o TP S =Y F
AE kS vt AT A-EHE Yol lxzete] HEES A&7 ASAHSY ALF FAA e 1E
F HAsglo| Fest, EAFENA non-CAVE AUT F A& Az} 7to|d 9 AF7 B3tk
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Hy NETY J|E Y S AN
YELS A&FIAE Ao 71 S wF0] RS /st Jlon, d8y AeFYdlA =z}
o] & Pe] AFolA =2 A%, uF EF, 2 T A e LT I st Aok
U] ALY FY AFe A7IA AEEYSH Class A~B FF(SAE 13216)914] 7]& AFo] 218H nf
Jon, A& G 4% 7le Nl oAM= vl A2 Q] ODDE oz ATE FHs7] o
ol Al AeFYPAE = d8FY e fdMe B w2 s ASHEFE e A AF
A77h Y asie
<Table 7> Summary of C-ADS researches
. USA EU Japan Korea
Projects -
CARMA MAVEN CoEXist TransAID INFRAMIX SIP-adus CADUR
Periods(year) 2014 - today | 2016 -2019 | 2017 -2020 | 2017 -2020 | 2017 -2020 | 2018 - today | 2019 - 2021
Devel
Policy and evelopment Road
Development . of traffic . . Safety and
. Platoon and operation infrastructure | Implementatio | ,
and testing of . e management infrastructure
cooperative |guidelines in a to support the n Lv4
CDA features . procedures . for connected
Purposes . manoeuvre | mixed road . . coexistence of | automated
in the . . including . .. and automated
. algorithm for | environment .. conventional driving ..
transportation transition of . driving at the
CAV for CAV and and automated|  services
ecosystem CHV control for vehicles urban Road
CAV/AV.
. . interrupted and|interrupted and| . interrupted and| .
. uninterrupted | interrupted . . uninterrupted . interrupted
Traffic regimes uninterrupted | uninterrupted uninterrupted
flow flow flow flow
flow flow flow
freeway/ freeway/ freeway/
Spatial scopes arterial, intersection arterial, arterial, freeway and | freeway and | intersection
P P maritime port Shared space, | intersection | arterial road | arterial road |and crosswalk
and terminal intersection | and bus lane
recurring CAV dedicated
congestion, transition of lane, dilemma zone,
exceptional speed limit, congestion, emergency
traffic situation exceptional roadwork, exceptional vehicle,
o platoon, - . N -
Situations (adverse accident traffic situation| accident, |traffic situation|  platoon exceptional
weather (roadwork, Spill-back (adverse traffic situation
condition, drop-off weather (jaywalk,
accident, passengers) condition, roadwork)
roadwork) roadwork)
CAV O (@] (@] O (@] (@] (@]
Target CvV O O @]
Vehicles AV O O O
CHV ¢) o) ) o)
. d ic traffi
. dynamic traffic )inamlc -a ¢
traffic dynamic traffic| . . information
information information information traffic signal |collection and
Role of infrastructure X N/A N/A . collection and L. L.
collection and collection and optimization |provision(inclu
.. traffic .
provision traffic control S ding traffic
optimization -
signal)
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Qzele] Qg e YuS ALl Fesa Ak
192 TamAIDS} INFAMIX 22427} RERS Aotz 433071 A2 54808 AT o
F4 T8 AW 0 Ak FF FHY 48T /1% PP LERE A T 5 Y=F Az}
R AR LTS A 2 oI JRE ATE + AL FEOR BAHolol B, o
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1. Ql=a} 7|He| F& JI0|HAE St HFY T8

AgFAAgol BYY A&FY 71ee] WAT I YL Aze} Ao An AT 5 Y
Yol Bastth deln el AolAE Aol AEY AuAHS a4 E2o] BXF RSU A
AE B3 79 BAYRE AAAAT Bk ohek ZEBAMES A, T AP FAS T by
S JRE FUY 5 Yolok Bk /1A, REBANEES Fol Wi FRZE YR FA AY, £2 4
A% Sol TFAG EF Axebt Fu APohe] BAL ) FASHE ARVDE FHUA FRE PR
shed, QZebt AHAOR PASA R A 2287 PR s AFo] £sel AgHE A,
A% AN SHAR 5L AT G5l HAA AN FESHE Zlolth Axek thad Ao
SR DY B4 Fo 7Y tolds WAAE AZHUR A AA AAZ AXF Fus} Felrd
2 AnE Fyo 28Y 5 9

CAVE 2le} Zold s Ang FAskel FUE o, AneEIE AT A0 e 445
o lzeh sold o me FYATHE % FH/F-RAGAE 13216) HHL B HHFYL Tt
of @tk Qlxet sloldlx Bu7t DVE AFH HRW, WAL FY Aot v2v FAL T3 BT
B4E AXA HE Zolth o AW BHY ATV JaAE Do Fus %
Qlzele] 45 2k AT} Beol Basi,

oft
£
oft
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o
re
)

2. AiEFAAE ool mME 2N uSF HFE JlE e E2

Az} 7hold 28 ol ded] AeFdAF 3 FFAHE wolve AR ofy ok £2 3o
2 SHAME B35 7D F At 9A, E2E Sdste HASFAAES oleAh, RPA T T
ER Fojase A SN AeFYAGFANA 2LEF AR, FHAHFEE AFshe AR of
yzt =olgel 7]‘3}6}04 ol# g EX””XNE«] BEASHEE W AT AeFFAF2 A &
e Ha3 @ 7 e FYRHE BEo] @ S Aotk E7L, ALFHATC] ofd TE =R 3
A A = R HU‘M%‘*S_ dela, Z}%ﬂz—sﬂi}%‘ %33@3‘_%— AEste] ¥ AT =2 aFRge 24
T At ol FYE AL&FYo] B ASFHAFE AT Anl2Tt ofye), wTAA AA 9] kg
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LEF EEAGE 5Y 7 e Arlzdes A4S dehith 399 A5 Ve T d=zekes Ut vl
olHE At = E tolHE &8sty =2 73 e uF UEND FEAA HA FHL A% 7t
old2E AFITd wFEALE G -8y FHAME HHsE wF MuEE A F ds Aotk

3. 7l YW/MHE, 29 Zalsks MH|AZMO| XIEEHFY L

FEE A&FYPE 93 Qze Jold Au2E faliAe 71Ed st o] & S| Aujx A
of gk Wa A77F Basith o7|A, 71&4 Adolet gk Ak dxepyt ARE F2lE] 9§
A 71E, Azt SARFRE F87] A% AA 7], HlolH AR 71E, Ttold 2 WA Y T
< gt} Q) Thold s 93 7|EA Qe i e AR FetA IYPHL v <z
RSUY A48 4= &= b, oo, gloly A4 7]&®al ole} CITS 41714 So] oo 333t}
Jzeprt As AL + ‘Rl—t— 71eg WEFH FA O AA AEFYApFo] dxeE Tl FAUG AR
g Z83to] FYFYS FAste 71e7tA FE] A 71e AT Aol SrEojok gt
T3 B AF ATE T A o] & AxAY Qlx} Tte|d A £ 88 F Qe VEE WA ok

%
0]
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Aplzs Agolet Go B2Trke] 303 B4 REAE B4 T 4EH3% 984 =3, o
S2 FolAdsl loldz JRE EHT 5 A PP v, /160 04T EEHOE LY AT ¥
o 7% BAE A BRI, A& HES AT PARE AY P 5L EFIN A2, FYe
TransAID APl A Qlehsh A2 7 BAL 9% FA WAAS AL 0|8 £E SHE HYL Y
St olel® Spgol Aulz SR Qme} sl 2B ARE Al @ 5 Utk HHF A48T
A Axeh AHOJALE AR 27 J1E S2% BEF FFIA /14 BAHOE 48T £ 9
£ gete] Basith weby el ol vt Bag FUA3HH ATt Basi oE S, A
F 3 4F AP0l e TG BE AA bsHol B TN WYl 2 T B4l A ¥
F ulaE SAwdle] B 5 A olgd By OJE Tl fradlolz Heleh & 4 glom, &
Aol sk GA AN AL AT Al LE THFORA Azeh solA2t o) gANA ol
o ofme £ F & YA BolE 5 Atk ol 2 1 A&YEFY 7)1 6e SBYE A sE G
A MLFoen A8FVAF] B SEE B3 ¥ M) FIT 5 UE B 24T 5 U

Qze} spold ot BAT TFAY ol fr ASTANTFY AA J1EVOE TN ofele 4FS F
30 B 408 AH| Aol AEFINYSA UAETPAG] TAD 4 220 X
28 A 8hE 2437] 98 PO Tholt s F1&o] whlsolo} Bk A&F WA AT Tyl
ohe MAEF AT R, B Ak BLAD MIES Fo] uA AHIE ol Fold 5 Yofok @
o olZo] AFZHAA A&FY 7% AR ohe} Az &2 A2FAS AU AHAE )

waoksh ol ot

£ Aol 91 YEIY AR 16 AL 5EE AAGD FE ALY &0l doblol
WY

G Y3} AL B2 B ASFYT Bt B2 AYH 714 o] B o) FoiAa 9)
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