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ABSTRACT

As automated vehicle(AV) accidents continue to occur, the importance of safety verification to
ensure the safety and reliability of automated driving system(ADS) is being emphasized. In order to
encure safety and reliability, it is necessary to define an operational design domain(ODD) of the ADS
and verify the safety of the ADS while evaluating its ability to respond in situations outside of the
Received 11 July 2022 ODD. To this, international associations such as SAE, BSI, NHTSA, ISO, etc. stipulate ODD
Revised 3 August 2002 standards. However, in Korea, there is no standard for the ODD, so automated vehicles’s ODD
Accepted 13 September 2022 . . . . .

expression method and safety verification and evaluation are not properly conducted. Therefore, this
© 2022. The Korea Institute of study analyzed overseas ODD standards and selected suitable ODD for safety verification and
Intelligent Transport Systems. Al evaluation, and presented evaluation elements for ADS safety verification and evaluation. In
rights reserved. particular, evaluation elements were selected by analyzing the evaluation environment of the
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automated driving experimental city (K-City) that supports the development of ADS technology.

Key words : Automated Vehicles, Safety Verification, Evaluation Elements, Operational Design
Domain, K-City
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1. e1Te) B ¥ =
-85 Y A5 2 Automated vehicles, AV)7} 57 AZSHEA A AAZ O Z Yl 3 22| AV Ak

A= 2021 39 HA H2Z v=t A5 383](SAE International, ©]3} SAE) @ 3 2] AVE &l
2 1} 912, Mercedes-benz= =3l 42 SUollA SAE H¥ 3 5 A-&FP A 2l (automated driving system,
ADS) £40] 248 AV TS A2 07 £33 Th(Nikkei Asia, 2022; Autoweek, 2022). ©]ul, ADSE &4
Zke] Ao} glo] FH A8 EE HH 5& 222 RSt ddst AsAke] 7hE Al By 23
E Alofste 715 9 ZAE gugth oA s UiAEA7E &3l 2 ' 3 FE9 ADS VlEs H &
AUA 22 G0 EAS oA o] th(Hankyung, 2022). ©]9]oll = A-F2L 7|& B 795 FF 2~3d el ¥
9 4 AV FAbo] 7Hs3lthal SEFTHLee and Woo, 2021). 0155 MlA| Z-=rol A& @l 3 $52] AV Jato
7HNEE T o, o]sh FAo #HHE 4 £F AV FEEE A 71 A wakE skska
s oz g 3 o) e 1EtE AVZ} EE T Qo Avel HHE wEALT) A&FH oz B
StHA A&7 9 7]%5 A (functional safety) X 588 M4 (driving safety)oll tig A7 A715E 2 ot
20199 50 = Al xYolollA do]Brt FAF 2l B2 Fo RYFHYE T3ty € A HaE &
ojgre ARarE QlSlon, 2021 wAZIF A HETe 2Y Yt SEAF FEI &R T4
7F ZEfell wh ARaL7E QAATHAI times, 2022). AV AkaLzh Slgol TAYEE A The New York Times(2022)l
A Al sk dAEC] AV A A aE ot b o] o H s HEH A Zekal Jlvkal A A ske]
ok AV 7] 2 9 kiAo tig A& FAIE Avell tig A 9 AR gk 932 oo A
Hoh mebs AV GE3E feliAe S gRE Favt lth
AV oHA B AlFAHS R3] Y= ADSS 371 9 (operational design domain, ODD)& A
9l3}3. ODDE By 8ol A 2] T8 ‘5 (object and event detection and response, OEDR)S #7138 Z Q.
7F SATHNHTSA, 2018). ©]& 9J3f s &jellA= ODD &7 AA @ FALAE A8ty Jlon tadt Wt
27 oA ODDE &3t AV SHHAS W7l A77F &3] = JThISO, 2022). &HAIRE
ADS9| HHAAES HAF3e UM tid ODDE AAZE AdFe 53 AAolH, gule A ol& %
Aohs 718 TS FAIS Aotk dukd o2 ODDw AsAk AZAF AASHA HARE @A 2 7]E0]
FAeta AsaE A &AT ODDE @ sk WHAo] gt o]d tigh 7iAde] Z 835ttt wels ODDE 24
3t ol BAIAE A TE WS AANTE 28Ut 9o, E35 ODDE 7|HeE ADSY 7% % 53 <
Hd/do] ZHE ODDE AT T UEF HrieA ol thd 8 H7EeAE ANE F

O =

b M

W4 g AT
27} ik
weba 2 A7l HE ODDE ANS] AT BF A L THLAE WHAYCH, ol /o ADS

198 QIR TSYUZ| =27 TI213, M52(2022H 109)
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o] okAA HE L HUlol R3S WI}Q Ax(evaluation element)S AAISFHTE H7FR 4T ADSO| FHAS
A3 B7HE  dE W S, F4F 24E gt dF 5o Sl £edlA ADST SEAIS FAH
< Asta gEsteAd g Brhe AYske A4S e SEAS A Re] Hria vt "t 53, <t
ZA4E& gRG ADS 7]E fEo] Mt EE AR A AV HAEHEES AlF T A&58 A=
A(K-City)E W22 ODD 7I¥F 371845 AAletaLzt et o] & s & ATolA= KCity B718Hd=
HAE ¥ KCity H7}84AE A

3 97 ADS el @4 T4a49) 0pDO| EH WS ANGL o2 s)ike 2
AR, B A2E 5) D B8EE AN ADS 1% 0F D el 1

9 0DD H4¢ ERTA FAHIT ol F AT AT FUH WAZE HEESh FASIL YT 4

% 3 4

ground, PG) 5 71| A|@A o] EA)3}17] W&ol K-City$} PGE T-23t] ODD 7]% H2E 87 9 Hrla s s
A A SFATE A7 M9l K-City7} A2 755 20161 FE 20223 0.2 A5G o, W82 Hels U
ODD #3F #4, ODD &/ AAl ¥ #4884 A4, 445 ODD 7]¥ K-City B78.4 AAE stch
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1) AT 7|s E2F

SAE 13016 % &A1 ollA= ADSE & 07 ¥ 571 F 679 dAR FEst ok #E 02 ¥
A53Hno driving automation) TAEZ FHAZ} 2] E F2E Aofsly RE 54 FIS Y54 @
o #H9 1o st A B Z(driver assistance)2} B 20l |3t FE AHEF3 TD(partial driving
automation)= XA} AWEA Q] FaE AT T = AW 5 AT IR TS AW 244 B
% A 2:Hll(advanced driver assistance system, ADAS)¥} 72 #4538} A|2Hlo] A o]dlA] HTHSAE, 2021). ©]uf,
gl 27} gl 11T Al2"lo] A7Fe] FAS AT 4 ' MU o Hoizinh ¥ 3, & 207 AEF
&Y (conditional driving automation) TAIF-El= ADS7} & 33k AojE BF FdSHA HY, A= v
Agato Aqut o) /AU SHA B Th(Sabaliauskaite et al., 2018). #® 4 315 #4853 (high driving automation)&
-3 Aojo} v tIAE =5 ADS7} -3 3THZanchin et al,, 2017). o|u, =¥ 33} #d 49] 7} 2
2ol HE B} Mg Fdshe FA oItk dE 39 A9 LA v A E A HH wd 49| 7
S ADS7} v A& F3fstA "ok T3, ODD 749 #l¥ 3: o= ¥ 49 ODD M7 Hol theFgt
370l A 2] ADS F=3)0] 7}5-5}thZanchin et al,, 2017). E¥ 5 €3 &3 (full driving automation)] 73§
ODD 9| Algto] gl BE & T4 ADS 7]%5°] &43tem vl thA =3 ADS7L F3skA dtt
(Cui and Sabaliauskaite, 2017). A&F3 7]& EF+ U <Table 1>3} 2t}

X
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<Table 1> Automated driving technology classification

DDT
DIVer | evel Name Sustained Lateral and DDT Fallback ODD
Support Longitudinal Vehicle OEDR
Motion Control
- 0 |No driving automation Driver Driver Driver n/a
Dri 1 Driver assistance Driver and system Driver Driver Limited
river
support 2 Partal @mg System Driver Driver Limited
automation
. .. Fallback-ready user
Conditional dri . L.
3 onditiona . ving System System (becomes the driver Limited
automation .
Automated during fallback)
drivi High drivi L.
rving 4 ' Ymg System System System Limited
automation
5 Full driving automation System System System Unlimited

Source : Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles
(SAE International, 2021)

2) ODD 7

ODD= ADS©] Foixl 79|
HoR B8 FRF, B8 AL
o] Z3HT.

SAECI A& #¥l 4 AVE 3] EF3hE ODD framework 3 £/ 7|
of ME AF FHaiet He S 7HBL7<} ol9Jol = A @A}, AxA T BT} olEl 7hs
3 ¥#319 ODD AFTS ZHoR o}Oi‘E}(AVSC 2020). T3 SAEOIAE AVY ¢kd BES WHET] 93|
A ZAF F4 7144 D(Automated Vehicle Safety Consortium, AVSC)S 243t A .

AVSCE A&7+ 71& MR, APA 2 RgAE ddo=Z 94 4 AV ADS| 29 2 FARS
3l top-down W bottom-up WHS =5 1#3te] ODD frameworke} MH3HE = HAE 430}9&@
(AVSC, 2020). I Z3¥ ODDE 57FA ¢l *H3(physical infrastructure, road geometry, operational constraints,
environmental conditions, objects)= /3 T 319 WFE A3 ATHAVSC, 2020).

NHTSA(2018):= ADS?| Hxgh 7S fl3l ADS 54 7152 H71 3 HI2ET 5 Qe HZE Ay
718ke] ADS %71 W& AABHAT dd H2E AUg 2= ADS®| W7o ODD 845 E3SIEE A|A
H%ltt. ODDE 67} (physical infrastructure, operational —constraints, objects, environmental —conditions,
connectivity, zones)Z EFF N oM, gl 3~gd 59 FFsl= AVE 42 ADS7} ODDE 435t 2}
T F JA AASIEE Aagth

BSIOH/Hh aheg AZAF 2 b gzl AEF A 5 TS oldBAAE YR {

=9 AVO| ADS7} QFHSHAl A5d 4 = ODD #R/H B 2o i A9 FAs X
(Pubhcly Available Specification, PAS) 18832 WE3I¥ T 53], #¥ 33} g 40 3] Fsl= ADS7}
JIAEt L AHE e TYHE AFsh] fldis= OoDD Ao ¢ 7]7“01 "JRO}‘:} Zdz23ot. o
3714 2] &5 A A (scenery, environmental conditions, dynamic element

7] A% FFAE AYstAry. £ AEH AR A 8ol THedt M-S ALSATHBSI, 2020).
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2538 g
ASAM) A =

ol

Al

bed

d F3F3} 33| (Association for Standardisation of Automation and Measuring systems,
Y 25 Z}(connected and automated vehicles, CAVs)S] T3] ¢t A8 &1 3517] 93|
CAVs®| 7|55 B HAIE A8t e® CAVsS A Edoldol] thak 7 OpenXE #1783kt OpenX o] #F
Yl CAVs9| F3jol] &3+ OpenODD Concept PaperE AIAISIH LM, o= BSIAA A¢tete 2/ AAE <A
% ODDE Attt =3k H3eixl ADS 755 AZFat7] fls teFst 004 whE-Ado] 7Hsgt Al
Edoldan Asat &3 &4 oA A AR F de 7 Ao 2 2% RS A FSHATHASAM,
2022).

FUAE A 9 AsaEe] Aed Z1ed #1132, AlzREAETFIA L &7t
I AA)lA oDDS HHE ARFS Ao Folth & W&olA = A=A ADSS AEFY9S Aok
stH, ODDol= E2- 714 5 FF $7, ADS 25 3, 11 ol Asake] hddt &3 #dd 24 55
2ol =F A5t U th(Korea Ministry of Government Legislation, 2022).

>4 A

ol i _IE 1}

¢

i

n

My o1 ma

2 T elelA= ODDE 7|We.2 ADS 71&S B7kshks A77F Sl o] FoA L Ut T A=
Ayl e ZIRke] A& 7le A HE 2 Bl tid d79 FY 9 PEGASUS ZEAESL Q9
SAKURA X2 E | United Nations Economic Commission for Europe(UNECE) Working Forum for Harmonization
of Vehicle Regulations(WP).29 Working Party on Automated/autonomous and Connected Vehicles(tGRVA) Validation
Method for Automated Driving(VMAD)2] A1 SolA A&F3 H7 Augl /g AA-S AAS b At
(PEGASUS, 2020; SAKURA, 2022; UNECE, 2021). #7} Alygles Ayl F43 5 2 A5 et 4
ZH(functional), ¥ %|(logical), A& (concrete) AL}l Al 712 Fel2 FERAT 43 AUgdies =29,
1 g A ea 4 24, 4% Sl tisl BAlok sk, e Alde Lodds AdE gl misiEs F
Tk S, AR Adgl LdAs FAIZFQ ARgs ARl ok drhPark et al, 2019). I1SO 34502 EF A
A= ADS EIZE AU 25 97t 7tol=eiel ¥ Ay e gk QHHA Bt Z2A|AE AT o]
= oA /s ADS H7} frameworkE 7]HFO.E2 sk EFo|H ODD, WAIE, ISO 262622} ISO/PAS
21448 FF B AU 9] EAS Bt T8 AU s FE3 F ADSE Hrlete Aatg It
(ISO, 2021).

HZ FH A= ADS B7HE 913l 319 ODD &7/ AAE 7Ifteg Jrt3tE £4sta AAshe AT
7F A= ek BEIE 2027 HE 4/4+ AV FESHE FRE ol mEt AT NT NG H=
ENGH, AEA, AAF4ALR, 37| Be o] HEtEA 7 ATl E &5 =& QlE
2}, ADS 7l&, Ry Aul2, Wy A, B7F B 53 #HE 975 218 Fo|th(Korea Transport
Institute, 2020). £3], T ERFTHAAIA = AVY WA S FI18h7] 918 HAE € Hrirle, 34 A= 5

< P Foltk. o]2d /e U3 OZ TUV SUD Koreadll A& ODDE A1A4317] 943 HES +H3l
sle] ODD ¥+ AA 2 845 AT v} JTHTUV SUD Korea, 2021). 53], 2=, v=, AHuch 79 4%
S, A= B T FQ AFA AFE 118d FA| 7|E 7]5(Global Technical Regulations, GTR) 1998

Agreement 7})=S T2 ODDE EH3IY 24E AAEATE ©]2ol% Kim and Kee(2020)= NHTSA
o

ﬂl

[e)

it ro[n

ODD ##HE &-8atd AMFA A&7y 4570 2247 2 ¢339 opD 848 AHolsgon, oF
710 2 ADS Z5o] 7heehA|ol ek 2718 HAISFA T 3k Kim et al.(2020)2 NHTSA ODD E/H-S

o 3
gstel QoA BAY 487G HE 43S 1% ODDE Helsha Bshdlc
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#¥ ol 1 2 AW A7 nEE T =2 RS e 2k sjele] Ay #5422 ODDE
Aojsta, =2 8 714 84, F9 843 2L 2258 THEE HASAT b, @59 4 ODDE
Aolehs ool Wkt 7)) FAste, ol& &gsts TAZR] Weto]l EAEHA g Aotk Sy
9|2 0.2 ADSO| ODDE H93tal ADS 7|52 B7bste] A& StHelES Fxstal Sl= ThE ADSE
ODD 7]ike] thefet H7ha s T3 50| Basiv, ADS7F A& < 3= ODDE THZ o2 wdsta

o] 84 9 WIS Ao & Ut ik

B Aol apEAe gy 2o 7|29 EF AA 2 H2ole tyd 7]deA opD &
Aeksla 9lo} Zt B/ AAE vln BHst B/ AAS AAE art gtk B A Blu 248
Sl A% AAL 2 Azl =2 38 =z} A7, kA " A, Al g o)A AfEal Fo] thakdk Eofo
A 283 4= & BSIO| ODD £F AAES AAsty FALAE AAs =3k ODD 7% K-City 7}
fr FHsa W7 AREARKAI2E D AA) 5 Aol &8 e THOE A S
$A4E Folua stk B AFolA AAF K-City B7F2AS B3 o] 8459 2143 ADS 71& 7
2 HrIE =rsta obdAde] gRE ADSO| ODDE AA3I=E 33t

. ODD A& 2 K-City ¥7}184% AA @&
1. ODD ME U K-City HIIRA HMA| &}

B A7¢] %3¢ ‘ODD 4174’3} K-City ODD £ 4" 02 upro] 38ttt 24 Aol tigh Al A}

Selection of ODD

I Analysis of ODD Taxonomy

+ NHTSA
+ BSI (UK) PAS 1883
* SAE (AVSC)

Il.  Selection of ODD elements

* Review and selection of ODD elements
suitable for domestic situations

K-City ODD analysis

I. Asurvey on evaluation facilities and
systems in K-City

* Current situation of K-City
internal ODD

* Current situation of K-City external
(Proving Ground) ODD

I
|

Step 1 : Suggestion K-City i Step2: ion Proving Ground Evaluation

+ Motorway ; * High speed circuit/Skid pad/Low friction track ;
« Urban area i « Straight-line track/EMC test pad H
« Community section ! = Universal track/Steering pad/
« Outerroad 1 Road safety features test ground
« Autonomous parking facility 1 + Durability track/Wide low friction track/

H Handling & stability circuit

<Fig. 1> Research process
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+ O <Fig. 1>3 2t}

2. ODD 27 HA ME

AAEA=A 2] 52 2rlstn] H-842 A ODD7} thefdt ool A
. 0502 gl ASE ODD 847F AlEE el 28 3 =43 H7ol
& AEAE AzAL B AEA} o8 }El:roﬂﬂl Ak gofolm olsislr] #eAloll thek o %5 ofrjstr A4
S AT 2 RF EF7F AAA QAL ARE ot 57FA] £4 7]EL B <Table 2> 2

o

<Table 2> ODD analysis criteria

Classification Contexts

e ]t is necessary to confirm that clear elements for each ODD category were included and that the

Proposal direction .. e .
P direction to be institutionalized in the future was presented.

Generality o It should be checked whether it can be widely used in various fields.
Usefulness ot is necess'ary to ensure that the ODD elements are applicable to the simulation and suitable for
documentation.
Familiarity ]t is necessary to check whether it is a term familiar to stakeholders and easy to understand.
Systematicity o It is necessary to check whether the classification of classes and categories is systematic.
371 AE Y 7€ B EF AAE BlaskalAl NHTSA, AVSC, BSI®] ODD 54& 483 o,

71 AdE= <Table 3>3 Zth

<Table 3> Characteristics of NHTSA, AVSC, BSI ODD taxonomy

Classification Contexts

® NHTSA presents an ODD framework that allows developers and manufacturers to evaluate and test
specific features of ADS for ADS testing and development.

® Upper and lower categories of ODD were defined and a structured ODD classification scheme was
provided where the ADS could identify subdivided elements of the ODD

® The structure of ODD was designed to facilitate discussion of system requirements, functions, tests
and furthermore presented ODD to define scenario components and changes in the operating environment.

NHTSA

®The ODD framework was developed for the operation and maintenance of ADS vehicles, and
subsequently accelerate the growth of the AV market.

® ODD framework was developed using the top-down and bottom-up approach and divided into road

AVSC and route network selection, road and route network sub-element selection, and road and route network
deployment requirements setting.

® Provide standardized ODD for the development, testing, and dissemination of autonomous vehicles
by providing an ODD framework and detailed items and scope

® In order to propose an ODD classification for ODD standardization, upper and lower categories were
defined hierarchically and a common language was defined to describe operating conditions such
as environments and driving conditions designed to enable autonomous driving.

o For the safe development and use of ADAS and ADS, the requirements for minimum classification
for ODD setting were defined, and ODD was defined so that ODD could be utilized in various fields
such as manufacturers and stakeholders.

® In addition, a description and format of the ODD conditions are presented and presented in a form
suitable for documentation so that they can be applied to simulations and scenarios.

BSI
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4] 27 NHTSA®] 7% ODD #7-E AAHol1 HEstA st ot ADS H2E 9 /S 913
o= o] thoket ol BAAES s EaHThe Al EAEA T =3, FF /NEE ADS 7159
ZANEAERl FHFHS #Ys] el AEHIHS B t&%x—i"d bR ATl dasith 3P iy
NHTSAE AU 29 24 &2 ADS 7| #3404 ODD &7 AAE /Mdste] AEHoldxte] 584S
E3HA| gob WMEA B ol g tha FAF *Zﬂﬁiﬁr.

It 0.2 AVSCE top-down bottom-up HTH S ©]-838le] AAH O Z ODD frameworks A 9] 5tal Al
B g5 g H9E Aoy A &4 € AAEFE FH o2 /dEo oDD MU} ik At @

==

Aol St} =3 ODDY £/ H5E X3 Ylgo] M olojA A5t Y & A& 2L 39 84
S WrglA] ggttteE A7 2AHSTHNHTSA, 2018). THFgH Holo 4 ODDE &-43t1 ¢l 9+ ODD

TA Aol g &EHA FelFolok & Hart vk webx AVSCE 84T &old, AAY FEoA o
A7 EA T

BSIOI A= A-sab A=Al A 81 Byl b fejAal 5 ThekRl okl ODDE 283t A= &
THATE 9= EFHEE Adsdt 53], 49 2 skl HFE ASS wrol dosiiion, AV 3
ol AAAE E—‘:rﬂ olefslr] AL FFAE At E7F AAE Aolstitt. =3 ODDoll thit AlH-4]
AR B aas WA golste] Fo] Solstes Hostitt. metA BYdt v‘i'—ol:ﬂl/ﬂ 28 =+ 3l
= 388 ?‘0«16},L 823 ODDE A|AIZ BSIS| &7 AAZE & 7ol 7H8 A3t 2oz B45300

Bl o X

3. ODD 744 MHF

£ T4 TUV SUD Koreadl| Al #|AI%H ODD &5 2 845 #8319tk TUV SUD Koreadll A& 3l
<] ODD ## ATHAVSC, OpenODD &) % 4| E& =7} EFBSL IS0 34503)& 71¥te.2 ODD &% 2
228 FASHTHTUV SUD Korea, 2021). WbA TheFdl Uloll 2go] 7besta AA|2 02 S ODDE

E83 TUV SUD Korea AT lH%w g3t
ot AAH BSIY) ODD &5 Ao we} TUV SUD Korea®ll Al A A3 ODD &% U QA4 AAF 4
= th2 <Table 4>} 7LU]-

<Table 4> TUV SUD Korea ODD elements based on BSI ODD taxonomy

Classification I Classification II ODD Elements
Zones Geo-fenced ares, Traffic management zones, School zones, Regions or states, Interference
zones, Port zones, Freight distribution centre
T Motorways or highways or interstates, Primary roads, Radial roads,
e Distributor roads, Minor roads, Slip roads, Parking space, Shared space
Geometry Horizontal plane, Transverse plane, Longitudinal plane
. . Lane dimensions, Lane marking, Lane type,
Lane specification -
Scenery Number of lanes, Direction of travel
Drivable area Signs Information signs, Regulatory signs, Warning signs

Line markers, Shoulder(paved or gravel), Shoulder(grass), Solid

Edge barriers, Temporary line markers, Snowbanks

Drivable area surface type, Drivable area surface features, Drivable

Surface . ..
area induced surface condition

204  PIRTSSIL| =27y TI213, M52(2022H 109)
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Classification [ Classification 1T ODD Elements
. Roundabouts Normal, Compact, Double, Large, Mini
Junctions
Intersections T-junctions, Staggered, Y junction, Cross Roads, Grade separated

Basic road structures Buildings, Street lights, Street furniture (e.g. bollards), Vegetation

Special structures | Automatic access control, Bridges, Pedestrian crossings, Rail crossings, Tunnels, Toll plaza

Temporary road
structures

Weather(coverage) | Wind(calm~hurricane force), Rainfall(light rain~cloudburst), Snowfall(light snow~heavy snow)

Construction site detours, Refuse collection, Road works, Road signage

Marine(coastal areas only), Non-precipitating water droplets (i.e. mist/fog),

Particulat . .
Environmental artieutates Sand and dust, Smoke and pollution, Volcanic ash
conditions . Day, where attributes are classified based on, Night or low-ambient lighting condition,
Illumination . e e
Cloudiness, expressed as, Artificial illumination
Connectivity Communication, Positioning
Motor vehicle, Non-motor vehicle, Vulnerable road users,
Agent type . .
Two-wheels or bicycles, Animals
. Traffic agent -
Dynamic elements Presence of special
vehicle

Subject vehicle -

4. MEE ODD 7|8 @714 HIA|

AE ODD &7 AA 2@ FAHLAES 7o g KCity Wil digste S AASAHRELEE, 19
H, EAR, AFUE R, A=A KCity 21Hl sjdshs PG B7H3(1EF3 =, A, Hd
NEAH, ZAANFE A3AHA, 2D DG 1A Anpde SZAuEE NERE A Z 2 Y
AR R, 2FETE, STUTE)S £4 F KCity B7184E5 ﬂlﬂlﬁ}‘%v} olwl, ODD T4 849 7%
K-Cityel EA3te B7H8HES 7€ 08 E&a19oH, Wrtese A% 3 B/ dolA A&
StEE S E2uF #d X}E@ui 2 2 #YAZ, wFbAE

oF A A
A AR A i, s 24 #Y wind SHiel EAshs FrreAE AT

IV. ODD 7]4F K-City #7184 AA|
1. K-City B7l24

K-Citye @A #5217 &% 2 (motorway), 22| =2 H(outer road), E4F-(urban area), 7] E]F-(community
section), A-&F%}-A]“d (autonomous parking facility) 52| B7}187 o] EAJgt}. K-City 718742 4-$- A5}
Fd A¥(Korea Automobile Testing & Research Institute, KATRDOIA AlF F<! K-City 7132 (virtual
reality, VR)o] EA|3}o] o] & &4t ZF §r137 ¥ oDD 7|W Hrla4s 9 AREAES thS <Table 5>9
2ol A AT

B7ta 4 AN FEe KCity o] &A450] B7Ea4 gofeo] A& FH=E AAsk] 93] 759 H7Ea 49
A OFANE, TF AAHA A AR, vFFE Afole - = NS B3 B E 75 E o
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A
FYPSA ] =gl AE
3]

5% Ado] FH2 AN HIolE A
F13ka}7] 91 AlB oIS Baste] Bt

3t AEES T HAEE t&—‘i—-xﬂﬁi‘é}% % lgﬂﬂol AE &85 kA AFe] S840 AAL QU
Cityel = 7Hd K-Citys 7838t Algatar glo] AEdoldole A &o] b3t Hr7ta4Es FdaM ok
& F87t 3l
<Table 5> K-City evaluation elements based on ODD
K-City Evaluation Elements
Classifi | Classifi | Classifi N
cation cation cation ODD Elements i uliolgtitionis
I o I Motorway |Outer Road | Urban Area Comm.urmy Parking
Section ..
Facility
School zones - - - O -
Regions or o o o o o
states
Zones - o o
Interference ) (Shadow in ) ) (Shadow in
zones communicat communicati
ion) on)
Motorways or
highways ¢) - - - -
or interstates
Primary roads - o o ) -
Radial roads - O O O -
Type | Minor roads - - - o o .
Slip roads @) - - - -
@)
. erpendicular,
Parking space . . ) B ® Parallgl, “
Diagonal)
Scenery Horizontal Straight O O O O O
plane Curve o o O o o
Divided @) ) @) @) )
Drivable o
area Undivided - (Narrow - - -
road)
@]
Pavements 0 éé)fl%lrlgieta’, o © ©
(Asphalt) Long-wave, (Asphalt) (Asphalt) (Asphalt)
Geometry Washboard)
Transverse 0
plane (Cgrb (Curb,
Barriers on o ) Guardrail. | Guardrail, a
road edges | (Guardrail) Crasl cmhl07n, Clashcuslnm,
p Plastic traffic
Plastic) bartier)
Types of
lanes together ) ) © © )
Superelevatio
n /banking O O O O O
206 PIRTSOR| =27 M213, T|52(20224 10”)
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K-City Evaluation Elements

Classifi | Classifi | Classifi R
cation cation cation ODD Elements i UPETO
Motorway |Outer Road | Urban Area Comm.umty Parking
1 I m Section i
Facility
Up-slope ) @) @) @) @)
Longitudinal Down-slope o o o @) ¢)
plane
Level plane ) @) @) @) @)
_ Lane - o o o 0 o
dimensions
O O
(Solid and | (Solid and
double solid|double solid
o Yellow, yellow,
(Solid Median and| Bicycle
ellow. Curb O curb, Bus | crosswalk
yerow, (Solid | lane, Safe |and roadway,
bus lane, | onow, Saf Edge, | Pedestri o
) Lane yellow, Safe|zone, Edge,| Pedestrian ¢
Lane marking - changing. |20 Yield,| Pedestrian | crosswalk, | (Parking for
Hi %15 sg’ Stop, crosswalk, |School zone,|the disabled)
Ifane. S afepzor’le Median, Lane Notice
specification Edee. edge) changing, | pedestrian
Me d%ar’l) Notice crosswalk,
pedestrian | Edge, Safe
crosswalk, |zone, Median,
Stop, Stop, No
Obstacle) straight)
Lane type - O @) @) O @)
@] (@] (@] O
Number of lanes . (Three-lane) | (One-lane) | (Two-lane) | (One-lane) .
Direction of ) (@] @] @] O O
travel (Two-way) | (Two-way) | (Two-way) | (Two-way) | (Two-way)
O
(Bus
o exclusive o
O (Railwa lane, (Pedestrian
Information Hi d WaY | Pedestrian 1
signs (Hipass and| crossing, crosswalk, crosswalk, -
exit) Under Permitted School
construction) Jeft-turn, Zone)
. Left turn and
Signs - straight, Slow)
. O
Regulatory (Speed limit, o o) (Speed )
signs Lane (Stop)  |(No straight) liglit)
control)
O O
Warning signs - (Speed - (Speed -
bump) bump)
Line markers O O O O O
O
(Steel,
guardrail, o o o
Solid barriers Concrete -
Edge - guardrail, (Curb) (Curb) (Curb)
Gutter,
plastic)
Temporary line O @] (@] O O
markers (Attachable) | (Attachable) | (Attachable) | (Attachable) | (Attachable)
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K-City Evaluation Elements
Classifi | Classifi | Classifi R
cation cation cation ODD Elements i WIS LR
I o i Motorway |Outer Road | Urban Area Comm.umty Parking
Section i
Facility
O
Roundabouts| - Normal ) (K-City entrance)
O
T-junctions - - @) (School -
zone)
O
. (School
Junctions O
T tions ) (©] (Exclusive Z;);llg’ tggs
Cross roads © [Roundabou | median bus station, O
(Toll plaza)| ts and |lane station, Bic clé
narrow road)| Signalized d 4 d
intersections) | TOACVAY an
pedestrian
walkway)
Grade separated A
o O
(Elementary
Buildings - - (1:31136 bﬁ:u school, bus -
station) and taxi
station)
Street lights - - @) @) -
@)
(Tubular
markers,
h
Basic road structures - a?igzrrlg?lt o O
: (Pedestrian | (Tubular
: sign, Speed @)
Street furniture b Raised|  (Traffic Island, markers, )
(e.g. bollards) UITp, ; Tubular | Traffic light,
pavement light) X Sneed
marker, Crash markers, pee
cushion, Traffic light)| bump)
Noise barrier,
Median
barrier)
. @]
Vegetation - (160m) - - -
@]
Automatic ) (Vehicle ) ) )
access control access
control)
Bridges AN
. O
Pedeti ] e e |
g zone)
Special structures | Rail crossings - - o - - -
@)
(Tent tunnel
Tunnels (120m), - - - -
Two-lane
two-way)
@)
Toll plaza (Two-lane - - - -
One-way)

208 PIRTSSIL| =27y TI213, M52(2022H 109)




oM AZ S I ODD 714 Hotea HA|

K-City Evaluation Elements

Classifi | Classifi | Classifi R
cation cation cation ODD Elements C i UPETO
I o i Motorway |Outer Road | Urban Area omm.umty Parking
Section i
Facility
@]
(Pothole,
Temporary road Construction ) ) Manhole, ) ) )
structures site detours Road surface
Road
deformation
Moderate rain:
2.5 mm/h~
7.6mm/h
Heavy rain: @)
Weather | Rainfall | 7.6 mm/h~ - - (Tunnel - - -
50mm/h (5~60mm/h))
Violent rain:
50mm/h~
100mm/h
@]
Marine (coastal ) (Tunnel type ) ) )
areas only) experimenta
1 facility)
Particulates L - o
Non-precipitati (Tunnel type
ng water ) experimenta ) ) )
droplets 1 facility,
(i.e. mist/fog) (visibility
30m))
Environ Elevation of
mental the sun zllbove (17 L
conditions Day the .hlonzon . (T;;%e ziarlght . B i
Position of adaptation)
the sun
Tllumination : o
Night or (Tunnel,
low-ambient Lish
Tightin: - - ight and - - -
ghting
condition Dark
adaptation)
Artificial ) ) @) ) ) )
illumination (Tunnel)
Vv (©] @] @] O @)
V21 ©] @] @] O @)
Communication
V2P ©] @] @] O @)
Connectivity V2N O O O O O
Galileo O O O @) O
Positioning | GLONASS @) o @) @) )
GPS (@] @] @] O @)
Vulnerable road ) @)
Traffic users (Adult and child dummy)
Agent type
Dynamic agent Two-wheels or ) 0
elements bicycles (Bicycle dummy)

Subject vehicle

O

(Two vehicle dummies)
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2. PG

EH Ao A= KATRI Ao EoA A 33k

Brle4

PG AAME nEos 7 97k87d ¥ oDD 7]
2 AFAGS AABIATE PGIAE PG 3784 13 PG H7kad T2 Uro] AASITh ¢4 1

ul

pud

H7ra

A

22
=T

3| Z(high speed circuit), 24l Z(straight-line track), A3}o] APZHEMC test pad), T3 A& Z(universal
track), 413] A8 A (steering pad), =2MHAAIA ¥ 7H 8 (road safety features test ground)®l] T3l <Table 6> %2
o] AAEIETE 202 AupaEz 2 FZXulzZ(low and wide low friction track), B ZAZ (off-road
test track), A2 B AE AubLZ(hill test track and skid pad), 2 435 Z(handling & stability circuit), 5
U2 (durability track)oll Thall T <Table 7> Zo] A AISIATh

<Table 6> PG evaluation elements |

based on ODD

PG Evaluation Elements
Classifi | Classifi | Classifi ‘ Road
cation cation cation ODD Elements Sngh Straightli| EMC | Universal | Steering FSafety
I I il peed ne Track | Test Pad | Track Pad catures
Circuit Test
Ground
Zones Interference ) ) ) o ) ) )
zones
Motorways or
highways or @) @) - - - -
Type interstates -
Slip roads - @) - - - -
. Straight o) @) - - - 0
Horizontal plane
Curve @) - - - 0 0
Divided @) @) - o 0 -
P - o o o) o o o
avements; | (Asphalt) | (Asphalt) | (Iron) | (Asphalt) | (Asphalt) | (Asphalt)
Barriers on o ) ) ) ) )
Transverse plane| road edges |(Guardrail)
Geometry
Types of lanes ) o ) ) ) )
together
Scenery Drivabl S levati
vable uperelevation )
area [banking © © © © ©
Up-slope ) @) - @) @) @)
Longitudinal
plane Down-slope ) @) - @) @) @)
Level plane O O - ) O O
O O
(Straight | (Straight o
i ) (4.0/3.6/ | (3.5m), (Shoulder ¢)
Lane dimensions - 3.6/4.0m),| Barrier - (3.0 and - (Curve
Curve | (1.0m), 3 0m) (4.5m))
Lane (5.5/5.0/ | Straight ’
specificati 5.0/4.0m) | (3.5m))
on
o @)
O (Edge. (Color lane,
Lane marking - - (Edge and - safe zgor’le median, -
safe zone) color lane; Edge,
Stop)
210 OIRTSYUL =27 M217, M52(2022H 108)
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PG Evaluation Elements
Classifi | Classifi | Classifi ‘ Road
cation cation cation ODD Elements Sngh Straightli| EMC | Universal | Steering FSafety
I il I peed ne Track | Test Pad | Track Pad catures
Circuit Test
Ground
O
O . @]
Lane type - (Solid and| S48 I(Solid and] - -
dotted) solid) dotted)
@) @) O @)
Number of lanes - (Four- (Two- - (Eight- - (Two-
lane) lane) lane) lane)
Direction of o o © o
(;,rc on o - (One- (Two- - (One- - (Two-
avel
way) | way) way) way)
O
@) . O @)
(Solid | Oolid Solid | (Solid
Line markers - white and double - white and |white and -
dotyed solid dot'ted dotyed
Edge white) yellow) white) white)
Shoulder - - - - @) - -
Solid barri ©
olid barriers - (Guardrail) - - - - -
@)
Four-
. Intersec (
Junctions tions Cross roads - - - - - - legged
intersec
tions)
Basic road structures| Street lights - o - - - - -
. Galileo O O O O O O
Environm
ental Connectivity Positioning GLONASS o ¢) ) o ¢) ¢)
conditions GPS o o 0 o} 0 o
<Table 7> PG evaluation elements |l based on ODD
PG Evaluation Elements
Classifi | Classifi | Classifi Low and ) .
cation cation cation ODD Elements Wide Low | Off-Road Hill Test Handh}‘? & Durability
I il I Friction | Test Track Track and | - Stability track
Skid Pad Circuit
track
Motorways or
highways or @) - - - -
interstates
Type Primary roads - - - - @) -
Seone Drivable Radial roads - - - @) -
Ty area Slip roads - - - ) -
) Straight ¢) @) ¢) - ¢)
Horizontal plane
Geometry Curve O - - O
Transverse plane| Divided ) - @) @) @)
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PG Evaluation Elements
Classifi | Classifi | Classifi Low and . .
cation cation cation ODD Elements Wide Low | Off-Road Hill Test Handh.nfg & Durability
I il I Friction | Test Track Track and | - Stability track
track Skid Pad Circuit
Undivided, - @) - - @)
O
(Belgian,
o o o ‘Washboard,
P ts - Long- X
avements | Asphalt) (Asphalf) | (Asphalt) Tf(‘)grsjglve
Special,
Flooding)
Barriers on O o
road edges | (Guardrail) B (gucuarrtc)]r:ﬁ? ) )
O @]
Ty]?:)s eoélgmﬁ - - - (Double (Double
8 solid) solid)
Superelevatio o o o o o
n /banking
@)
Up-slope O O (12%, 20%, O O
30%)
Longitudinal o
plane Downslope | O o |12%, 20%| o© o
30%)
Level plane ) @) o @) o
@]
@) (Belgian
(Ceramic (4m),
Tile ‘Washboard
(4m), (4m),
Basalt tile o o o Long-wave
Lane dimensions - (6m), B (4m),
Bridged (7m) (5m) (8~15m) Torsion
pebble (4m),
(6.55m), Special
J-jump (4m),
(4m) Flooding
(Smy))
O
Lane (Low
specificati friction O @)
on Lane markin; - (edge), - © (Median and|(Median and
¢ Wide low (Edge) obstacle) edge)
friction g
(straight,
edge))
@]
0 o ¢) (Solid,
Lane type - (Solid and - (Solid) (Solid and | Dotted and
dotted) dotted) double
solid)
O @)
(Acceleration .
Number of lanes - (two-lane), - (One(-)lane) (Twacl)léane (One(-)lane)
Low friction three-lane)
(six-lane))
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PG Evaluation Elements
Classifi | Classifi | Classifi Low and . .
cation cation cation ODD Elements Wide Low | Off-Road Hill Test Hm@g & Durability
I il I Friction | Test Track Track and | - Stability track
Skid Pad Circuit
track
@)
Direction of @) ) @) (One-way )
travel (One-way) (One-way) and (Two-way)
Two-way)
. . . @)
Signs  |Information signs - - (Slope) - -
@]
@) @) . .
. . O .. |(Solid white,
Line markers (Solid white| (Solid | otted white, 5 Shite,
and dotted hi Double solid Double solid
Edge white) whitc) yellow) oub'e SOl
yellow)
. . O O
Solid ‘barriers (Guardrail) - (Guardrail) - -
@)
(Ceramic
Tile,
T Basalt tile,
ype Bridged
pebble, Wet
asphalt,
Basalt)
@)
(Acceleration
0.1),
Surface Features Icy road
(friction 0.3), - - - -
coefficient) Snowy road
(0.5),
Rainy road
(0.7~0.8))
@) @)
(Acceleration,| (Gravel
Surface condition Icy road, |road, Sandy - - -
Snowy road, [road, Muddy
Rainy road)| road, etc)
. Automatic access
Special structures control - - - - @)
. . (@] (©]
Consguctlon site ) ) ) (Road | (Pothole and
etours .
deformation)| manhole)
Temporary road
structures o
Road signage - - - - (Modified
gnag tubular
makers)
Moderate rain:
2.5 mm/h~
7.6mm/h
Environm Heavy rain: 0
ental | Weather | Rainfall 7.6mm/h~ (Tunnel, - - - -
conditions S0mmy/h 5~60mm/h)
Violent rain:
50mm/h~
100mm/h
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PG Evaluation Elements
Classifi | Classifi | Classifi Low and . .
cation cation cation ODD Elements Wide Low | Off-Road Hill Test Handhng & Durability
I I I Friction | Test Track Track and | - Stability track
Skid Pad Circuit
track
O
Marine - (Tunnel - - -
type)
Particulates N . o
on-precipitatin
g water droplets - ('l?;rll;glﬂ%?e -
(mist/fog) 30m))
Artificial o
Ilumination oruhica (Tunnel -
illumination type)
Galileo O O O @) @)
Connectivity Positioning GLONASS @) @) ) ) @)
GPS O (@] (@] @) O
3. 249 &H

& AT = ADSY 7s 2 T3 kA SHAZIZ] flEl ADS B U S sl HZEHE S,
K-City ¢ H7}87S &4 ¥ ODD 7|4t K-City 87845 At £, K-City W9 57187 ©]9
A= FF &4 < K-City <5 H7Heol sldsh= PG| H7Ea 4 w7 A AASAH.

B7ke s AANTD o B AL 9 A" 3 ZIds o, e Al B AlxEle] 54 8l Ak W
A7A Ado] FEE FAEHA AAst AlgdEol A s &go] ThsstEE AAEA T

H ADS A TS AHEY s Ao A& e FA g RqE FUtstal Zlefde A% A
= A gtk 53], v=5e] A9 AEFAAEA A B AA Ttol=glS AASHEA )b
e 72 v glom Fudde Absate] ke L3830 #HE 21 A =S ADSS ODD A A&
A 815} Th(Ministry of Science and ICT and Korea Institute of Science & technology Evaluation and Planning,
2021; Korea Ministry of Government Legislation, 2022). =3t A-&F 7|/ EH A AMQTHS S8t Ag
t;gw 71%, ICT §§271€, S2ENFTFTHA7E, ALFPAM 82, A58 YA 5 F 57] o oA =

]:

T8 TeMEs FX8e S vidsta o ZF Eofoll A AEE Jled dig ¢t AdS FEE
-rlsﬂ AR HrVes MLt 5 o =88 7ol k. wEkA ODD 7|4t K-City B 7F84 A Al
+ %F ADS ODDE AAsta AF 9 H718tazt st A2k AZAL A F7EA), AFAF SollA oo
sta HESHA AABIFoEZA g F 2lZAdo] SRE ADS JfEe] 7ed ZAoE AMREHTH

V. 4% 2 3% A7)
A AAReZ gl 3 5 ADSS} #9 4 73] ADS7F 489 AV 7|& /I Ao EASE 1
o} AT AV At} X] o2 dAsIEA ADSY] 715 9 (functional safety) % 53 de"é(dnvmg

BEA
=
3

A
safety)oll ek A7} Xﬂﬂﬂoi G AS 2 Bk Ta40] F2EHI Ak AV 7 B F3 A
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gk AEH FAE AVl the kA F A el tigk 2 o]ojA A At webA AV FE3HE 9
S Brd Payt gon E3) gl 3 o)ake] AVe obAA T AL BREl] M=
ADS®| ODDE A9J3til ODDE Hloju= A&olA o th-§ $8E& HristHA ADSO kA4S AF sl ok
g Far} o
olg% AVY A AF 9 WUt o] tFE A SAE, NHTSA, BSI 59 7t A 7|FolA &=
ODD E5F AA 2 74842 Aostlon, IS0 S ADSS] ODD &4 @ 27 3 & 5 74
st Stk aRARE Fule] A9 o]of gk 7]Eo] FAlSte] Ave] ODD A4 H HHAd HE L U AA
8] o] FoA A FaL Qlrk
b B Aol d2) ODDE EAste] B Ao A BF AA 2 7AH4AE AT 2
U202 ADS oA 735 2 Hrlol Fad 248 AASHT 53, @d 33 ¥ 4 o]42] ADS 7]
& NS AYsE ALF3 AT K-City)S do=2 0DD 714 7t A4S AASATH
ODD ¥/ AAY 725 thakst IOMW 88 F e FHOIE Aoty HWE EF =S AN
BSIS &7 AAE AR oH, FHL4] A4 AAHOE S ODDE #¥3 TUV SUD Korea®] 5
e BL;E A7gstdet. rhA e = KClty IHTOH sdete AR SAA SRR, 1
ZIRUEI R, A-&F2A4)3 K-City &5 sgsls PG /13314553 2, A Z, Aggidat =
FAP R, MIANPH, ZE2RAAEGIVE, AvpE e, JEZAvER EZZ, AAE B
FASE, EFUTR)E 24 F A4% oDD 7 KCity B7184E A ASAT
2 a7 A4 2 T AFFAAE S 2k A F o= ODDE ¥ HEE 7
AAE AA % AAolth. H 0DDO FaAe] AR et T4 = ODDE EH3h=
g o2 AeEY, AFAe] FHo] ofd HMETL] o AS wiYste] ODD 7| BE 2 & AAE AR
Ae B o7t g Ougo® u=sd HH 4 32 ADS7F A4H AVE] JF 9 (residual risk)= ¥
AU RS R s e 7 AFo] BeHolth 53, kst B2 2, AUeLE B A
Fae] S MR- 2 AFshe A4 I AB oA A Hrhrh Pesith KCiyols 34 B
?] K-City(K-City 24| 3742 on)) o]go|= 7} K-CityU o2 A E KCityE 2vh)E 58 Tt Al
U ot nER A4 5 2 B2 AdE 52 Aste oA AS 9 ke (9 Aot o
gh B AT A& K-Cityoll Al AdetE 74 K-Cityoll & B7t8 45 AASHA ekokth whebr] ol
71 K-Cityell thgt ODD 7|8t 718 A4S AAT o7t otk vpAT o g AEdolds &8ate] kA
S A% 9 Hrlslr] Aside A5A AlEd o)A B39 ASAM OpenODDOI| A A= @42 ODDE
Fsof steg ojgh WHF F7HHQ] A7t Bad Ao Algdn.
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