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ABSTRACT

Various elements such as geometry, traffic safety facilities, congestion level, weather, etc., need
to be appropriately reflected in the assessment scenario evaluating the driving safety of automated
vehicles. Therefore, this study first established a scenario structure and defined the layer of elements,
to derive the elements to be reflected in the automated driving safety evaluation. After that, all
elemental candidates that can be reflected in each layer were derived by reviewing the relevant
literature. Finally, as a result of an expert survey, 77 items were selected to be reflected in the
automated driving safety evaluation. The selected elements are expected to be actively utilized in
developing scenarios for the driving safety evaluation of automated vehicles in simulation, proving
ground, and real road assessments.
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1. @70l Y U =5

A}-85-3) Z}(Autonomous vehicles F=+= automated vehicles, AVs)e] =% ©]% A5x}F 4FF L 7]E AFF A}

i

A H%417] % (information and communications technology, ICT), %13-X| 5 (artificial intelligence, Al), TIA|E =2
dxze}, B E(mobility) 5°] T MEL 4HHo 2 g3t gtk v 2agEe F3242A ¢

A AEFYAte] =9 Al 28 BlE& 2L wFHgo] s, E2AA &3] SHEM(Ko et al, 2017),
nga, b8 v2Azp 5 AFAE ol gshe v 2] Y AlgEol A AHEE & A, 217t
S SAATE T8 & ZE&FoEN S Eole 5 TAAY ¥ £ F AHKang et al,
2016).

ol g AT Aol et FA8A Zthol] Fg3ted A AAH R A&FHA Ve ML AFE ¢
g A77F 8] ZgE k. Fiol A= 20199 12€ SAE 7] #H¥ 3 A& ]z Al Hx
2 A" vt ,\lﬂfq, 7‘4‘:'/] 2027 HE 4 AEFPA; AA Hx FE3 S we} TAEF T|Ed
Al o] 2021 ZHEE vk Qi o] ATt 8 A ke QAR AT Aatet
HE AE5HA ﬂ%*}—ﬂ A2 AEFYPAY A tigk ¢ Akl Aok wEkA A AAF o=
ojlf 3 ¢ E HAE F v AEFHAY A FRIE AR o] H YItkKim and Cho, 2021). A&
S gH] YA AEFae] S FEQ A (crash safety), 715 <H (operational safety),
Q7 (functional safety), -5 9+% (behavioral safety), %5 %A] 24 (non-collision safety) 522 T-E& = 3
(Waymo, 2020; Ko et al,, 2018), Zt2+& B718te H7l7|eS /Ed a7t ok A-&5383 dA 37t
M7 8 S kst e AoA RS g1 e A Hrlkske As weth o
o2 ARFYAL e AUl eg Jute 2 AlEd ol A, FHAIE Y (proving ground, PG) = A

24 et w3 Alvel e 78 FJ7F S SYstA 1ot A A Hola teketa aFRl Wby
7Vestth Adg 2 718k A& FE s3] HelAe AdE e Ats AAHCRE YT vt
Row, A&FYPate] Fhol| FFE = T A AF A, 7R, wTHHAANAE, THE, 71 T TR
FEso] H7F Avge Wl x23d a7t Aok

olo & AT A&FHPA H7F Avg ol E3E oo & FHRAES EE5Y] H8 WA A&
FPA b AU Y AAE s FAAREE IU AEFHA} Q

24
of 1o
-
il

o or o
L N

M Fd F2 Y FHES FYstuAt o) =3 HU Ay Lol Bt E FAHLAE FYE AT 5&
Azt ASEZ A 3 3 29S HAESY A-EFA ] A A (driving safety)oll FEFE T
A F7F A 1HE QU JE RE LA TRE TESYL v o2 ARV AEZRAE F8) A
FyA W7 AUl U T8E HT FHRAES EESINOY, 31 BF SH HuFgoEN =EH
:|1 HLAES HAHS ASSAH.
2. oo el 9
B AqoM e ALFPA7) M 1A FYSA 2 IEEE BAFRE F7HE HAE HAHSAY 5,

DEEE BAFE BHOE AT B7} Aueles] 52 IS ANST, B Avele W 7
4T 2237 9 <Fig 1> 2ol AT AAE FYHAG. PHEOZE ALFA F7h AU

Hﬂﬂl o?L
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H

& UA Aodsigint a2a A& FF AuE e 7HE8
4 25 A}o}giu} THRAE ZAR ZAE vEog AErt AERAE T3 foud 74
Ltk 5F814, 1 A%E dY % 53 vluste] =Ed 7H84E Ad4E AAsATh

Research Plan Literature Review Methodology Results analysis

— Scenario definition

— Layer definition ~ et suvey Concéuswn
- _ - _ —
— Background and See\:ie:fvd research ﬁ;ﬁﬁﬁi:em platform overview
purpose " - 5 — Expert survey result Future research
— Scope and Method — Differentiation from — Basic data collect analysis
[ existing research — Derive candidate

— Result verification
elements for each

layer

<Fig. 1> Procedure of the study

1. ASFUR WL AlL2I20) HfE 24 B 97 18

AgFYA LAY WE ANAE AF U, JSTE, LAY, ERE, Y 5 04 22
Sol B7} el oo A4t Bask ok Dok, uh @AH YA TAHOR AE
Faae] FYIAYE WG 5 ek oldF Lol Wbl A8FAR B Akl oo MIT T

20 g A7 SEstA s ok

Neurohr et al.2020)2 AH&F 2o $el& g Aue] 71Nk H7tel dad SRAQd 1A 552
AA AT DS AAE | A AvEl e ZEYHAE Bosided, 4 e AU B,
ST B2, W7}, B7F T3 (test case), B7F A, B7F A AE, b =ASE FAHT o] F Alug
L 7|8 WUt #HE £¥E THHOE AE 9 Bt 7 @Al A aFdof st AFFE A&t

Weber et al.(2020)-2 Hlo]Elo] 7|93 PEGASUS Z=2AEc°] 48 Alube] O (functional scenario)f| 4] <]
Al 2 (logical scenario)] T3 849 WM& E&st14 1 AgHoldE o] &3t T8 FHaA 7o
Hale] W FFE FAHCE AT olF o] e AR AdH FHLAES FEFSEAT
FLQ FAHlAE ZAHEZ HEE T AE Alue] L(concrete scenario)® Aol o B Az sjdw
W Eo] MY AU S(logical scenario)e] HAAQ =27 Al@ AU 9] A& el Te st
At

Ahmed and Kim(2020)2 =3} Foll @A 715d ZE TUA Z7(near critical condition)2 A 2]3}7] 93|
A AES} I A5 FHE TAHOE A&FYALY Iﬂ_%*}_ﬂ HFE Rlstdnh o] 29A 21 A

Fl:l

ST WEFH 7 7P<l WA A8 D GelH itk ALFAA BHAAE AT A, AT o, o
AR FH A )T, AT Wl A MR 297 2L ERAAD, DET BRIAE AeFUR
o FWP, FAH Ax Axl A9, 200 w3 02 ERsA

Park et al.(2017) A-&F32F H7F AU 74& 98] A3 3 U AeFYaE B7F Alue]e, Esi

I ALFE, 4EA wEA HuAE 243 A94R8 7 d5E EEsit =29 @5
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SR87, F997, FUY, AT, HAFOR BRAV, o A A AR FBoE THHI.
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253” tE & 301 Xﬂ‘”ﬂ?iq 7t 8&%% =T “% a4 ‘Fl”‘é% 37%3 ek 7%’4 TN &5, T
HEE, A VMG, AAY R AoHIA o|F AEHAS &8 AFS THsATh
Woo and Lee(2021)= TFFsE B33 Ad3tol A il 3 o]de] A-&F3 A A& 3l AX, I o
gof sk W7t FE53 1HAS ZAREIAT W7F &5 A9 1A 75 B 359 A% FE B Y
5 S5t 18 Ao EE AE AdE o o3 WrtE n&EE PP, s 3
THARNE 523 $ 59 7hsA, v 2 AR oY 23, 93RS adetd AF Bt 35S g6t

AT

2. 7|1& o7elo| Xy

A8 A # A3} Neurohr et al.(2020)2] A7+= 2 Alyg L 7 ‘:}74101] A pHE ok 3= AS =&
3} 3L, Weber et al.(2020)9] A7+ H7F AlUel e T4 840 HAAE EEste WHE IS8t B A
g oA o FAHLAE THTAE AAste AFe Art EAoh

HkH | Ahmed and Kim(2020), Park et al.(2017), Chae et al.(2016), Woo and Lee(2021)9] A7+= AUl L
Ao =S 9% AT=E, Ahmed and Kim(2020)> A-&F32F B4 nE53st Poz a4 73]
A8 U913, Park et al.(2017)7 Chae et al.(2016)& 7]1E A7 2 #4& 133ty Fr} 58 =E35190
1, Woo and LeeQ02)= IEEE &R/ W wet Jrt 5 =&k sARE 71E AFdAE H7t
849 HF7L ol wj g olvt Aﬂ 840 gk FAZQ Aol F=ta, B AFS TAHeE A
Harld 229 747 B3 FiEo] itk
of £ AFNAE ALFYA} uﬂﬂ AUl W FALAE olslslr] gA HTE
s, 1EHEE BT A Y A-eFPA}F HrF Alve]E AWt Had

o
=
 AEL HEZAE B9 AoNld THALE SRRUE B4 I G7E AR4S AV

PN—M

N

I

. #AH-&FP2 J7F Avede i 7484 £ 2
1. A2FA @I AlUE| "o

A& ake] b4 Hrhel #ASAE 5U2 PEGASUS ZE2AEA A Alve]e 71wk 37} A
A7y 744 de] &85 Atk PEGASUS Z2AEoA= Aue]e 7|8 B7F 7ig, dak 9 3y Sofl o
sto] A oJetal Qlth PEGASUS ZEAHE= A&+ H7HE fla) AUg & vl 7HAE F&3tal 7 &
& A2t FA s 324 MY Wl 7FA AAlS] Alve] o= 238 Alue] S(functional scenario), H¥ Alu

2 (logical scenario), A% A|U2] 2(concrete scenario), A& (test case) O 2, 242} HILE 918 A3 H7
E QI3 "] 9], B A% W] gk, WUt vhsd W gs A8 fok FalE, PEGASUS
A Eof| A A|AgH “functional scenario’, ‘logical scenario’, ‘concrete scenario’ 7} AlUe] 9] /443l A4S &3}
+ H 71 28 AHgETh SHAIRL o] AU e Ee] G HWAS At HH 1 B9 onE ddste

“
o 3L
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ReFUA Wt ALzl PYeL £

bl ofg ol & ASE AeEo|, T AEFHA Bt AEIFEC] Ry doste] 24z F& Avte
o, 1Y AlvE e, A AluE e, AdFEeE AFodiles WIth

AYvg e 7k Jrke E 1% AEES 7HE AEdeldE B WUME & de aHEQl et
(Riedmaier et al., 2020). A2l 2 719ke] H7HE 3 ¢ 7P ddAo] =2 Avele %
StaL olE 2 AeFAt A BIE FHT 5 S (Riedmaier et al., 2020), =EF Al
2ol weh AlEHold H7E PG WL ARE HUF § o HHoE 28 + ok A
£ 283 AL Eﬂx} FYHAG FrHE FH] Heis A Avde A 2 dA
Zastm, olo & A7) = PEGASUS ZZAEo|A AoJgh w23 nig o2 7; Alvke] Q.o i3 A9

E U e 5}051 olaiaty] A& FeE IF FAS AT T3 2 Alvke] 2ol REEA] EgkE ofof
e THLAE E%&%l‘jr.

A ZE AvEl s 7}1L 7182 Feo] Ave 24 =234 o] A o gl v teFe] B
Abshe GAl ol A3 2 L F&-AA-=FA4% 22 AdE L et A7 F8 44E &
A = e A FFErt T o k. ofr]of F2 g E2 AFH 2L Vs E, AvEe
Foqzke] A 9 AU B A, AR EA, AdE e A AvEle B 2 22 AvEe &
A7F ZEolof ftk. A& Alvg e FEETL
He Aol Fast7] v HrkE A FAHes
<Fig. 2>%} 2t}

T

B4 B WO, W BAF $o] WA AL
EgRHoE Fa5 Ytk 4% AL £F oA

Type Car following
Scenario type Location Expressway mainline
Purpose Evaluation of awareness and response to the Actor

Overall flow of

situation
Scenario description The situation that Actor driving on the adjacent lane is invading the lane
Number of lanes 2 lanes for one-side
Road geometry - -
Road alignment Straight
Sortation Vehicle type Driving lane Relative location Movement
Ego Passenger car 2 - Going straight
Moving objects Actor Passenger car 1 Side-left Going straight
L Sortation Location Movement
Situation - - -
Actor Side-left Lane invading
Traffic accident data from
Data source the National Police Writer Ajou university
. Agency
Scenario source - - - -
Basis for derivin Out of the 6,951 traffic accidents in the mainline expressway section from 2012
. & o 2014, 165 cases of lane invasion while driving, accounting for about 2.4%
scenario .
of all accidents

<Fig. 2> Example of functional scenario
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e AuEles 4% AU LE Bas 28D ¢ IS 7880 FAHas WS AFT A
vz Lol e Aug et e 4R Avdeske g Wrke Ad 7Lt W Tasi. 1 o
= B9 AU LFH AlEE0lA, PG, AR HIlA &3] sl HA AluEle =} solA| 1
AABHA dAE] WZoltt. whEkA, M AvEe AL s 2L T T A B o ojd
deaE Ak sheA, FALEE 2T I WS oA9A AAs ok steAlol iR Thol=E Al
3¢ ok MY Auges 4% AuE oA AHE LS B ok s, FUHH oz 74
820 78 2 w9, W19 gl S4F, TP 4 FA8A WHeE AT 27 3 EAE EFsoF @
o A" AdEl o= 9 AdE LM dFE FAes W & :r‘ﬂlxﬂw Wb whe Ao AvE L,
2E B9l HolHE Aldsr]dl AZbA 8l vlg2Ql @AV loer thEA Wb ghe AT dol
=4 71ES vhdsthe dAloIth AR Alue] el FEesE H Ay edlA =Ed BE

olg o] A=Al F7} %k% HEEA] 23sjjof k. “Vl”“’i NERFES AP Adgl e TolA Fov]

= Adgl ot AldFEodes AlE Aug oA =2 2 T

7} 7hs @3 B2t %ﬂﬂ%% HE=A] 2esfof it

ot
o
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XP%—Z;—EMP %‘ﬂ% A AUg e FHLAE A 0}71 o kA v/\Pf‘P ﬁmﬁ/\«l Fe AlS(layen =
: T %, AoE Al
SHE 4310}71 go 13} = AHE Adth AT BoE AsiAE 59 PEGASUS Z2AH EA A3t 6
A% local dynamic map(LDM)2] A5 FJE & & AAES TE3F W39,

WA PEGASUS ZZAE] 6715 Aov A= A7} olafstr] i &7/7F & Hol 3l Layer 2
NA Fogt F+2 EZAALL Layer 19 A9 I AAZE 25 v) o] HEsiA S vt AN
o 502 LDMO| Ao 2t AlFo] WA FREHAR AFol 470]7] wEol| shte] Al o=
+ o] UF Bol A7t olgoha Jeetal, AEF Aot AEE Aot BAl 5 UAE HEo| g
o7} F=3h ol £ AT A& PEGASUS ZZAEQ] 6-A4|F HoE 7Htoz =E3 AA ) u}
2} dF FABte] <Table 1>3} Zo] 7+ ASE A3
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<Table 1> Definition of layers

Layer Definition Abbreviation

All explainable plane data such as permanent road shape, road surface, road marking,

1
etc. related to road geometry

Plane data

) All three-dimensional data such as permanent road structures, road facilities, etc. related 3D data
to transportation infrastructure

Variable facility data that vary depending on the situation or time zone and temporary Variable facility and

3 facility data such as temporary road works temporary facility data

4 Data related to scenario panicip'f?.nt.s such as ob.ject type, number of objects, object Scenario participant data
characteristics (speed, distance), etc.

5 Surrounding environment data for indicating driving environment conditions such as | Surrounding environment
illuminance, weather, visibility, etc. data

6 Digital data such as items and performance related to automated vehicle sensors, V2X

Digital data

communication, digital maps
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3. AE2FEA "ol E3HE F9

AgFar HrE FREL ALTAA HHE A% ¥ AU R H AERY 22714 g 7=
Aget 5 Hah, 2US 3heel B gA B FEREo|th WUt FAES HAFo 2N HUIE H9
a3 7124} BF AAE olFljaly] BolatH, AFTHEE Bad FHRAL v flo] A I

& Zheth mEka, B AFlME 7 Al Aok e THaAE EE3] Y% 2ARE W
ZABI T TS dEA A X)-#2] vl (Korean National Police Agency(KNPA), 2020a)3} 2-& 7] 24}
© AZHE oo wet 3EER BRI F7F AYE 6l HastAY a1 FH o sk FHLAE EET
=t &850, #d ", 7l¢, lJHL°* S XA <Fig. 3> Zo] FEHE FAES EIA FF 7]
& o w2 43 Hels T AEE B HolHE T3 o2 Hilskste] A& rhsdithe A4
o] 9ltt.

“ Automated vehicle assessment scenario 6-Layer Format

B 2L Jm

-

system(2020)

el e | e WP S el
Status of hard shoulder | data = X0 )

% Trend of sensor
|_ technology for AD{2020)

g lane operation(2021.06.

Surrounding Weather, llghtlng visibility, etc.
g Stat'us vazhklesby —:~ Layer 5 | environment i, . (e n Status of development
ype and year - data -@- S J‘L . of AY at domestic and
= 2016-2020) ‘ w intemational (2020}

Open weather data AV sensors, V2X communication, digital map, etc.

=  (2016-20200 Layer 6 | Digital data E % T Q andeogion of ighi2018)

H Transportation Road ! . ) Data—based scenario extraction and schematicization | !
i |_ Marking Installation | Deriving functional ; e KN:?CELm;’t:m i
H Management 1 i Do, . ' '
: Manual(2020) scenarios o Eay oy =g © - o : :
H 3 " i H g AV traffic accident !
H Exp{es{waylt?!‘:’e:gn E Permanent road shape, road surface, road marking, etc. ! data !
i ! Layer1 | Plain data @/A\ m H !
! [[E] Road esign Tipst2020 . —] S ~ disengagement |
i Speed limit status by H Permanent road structures, road facilities i i
peed limit status ! e , Guideboakf
E ] expressway _L Layer 2 3D data P — edam jpoan ane) ! G Fadﬁesﬁ;mhmmg\’m&ofw E
! section(2021.08) | ¢ 4 9 Pedestron Acdiderts 2017) |
1 ! |
1 n Traffic Management | n 5, Road Safety Facllitles |
i Guidelines for Road fa\i;?l;{;halfld E Installation and |
E Construction Sites (2018) : Layer 3 temporary i = Management Guidelines z
H Installation and 1 facility data = N E Traffic Signal Installaion 1
1 % operation manual of | - - . Management Manual(2020) |
' |_ variable speed limit | Scenario object type, object characteristics, etc. |
: ! \ !
T : |‘
; i
H 1
H 1
: :
H 1
i |
i :
H 1
i !
H 1
1 1
H 1
! i

Scenario database

<Fig. 3> Assessment platform for automated vehicles

4. 7|=X1E 37

XA AN AT Aol et 1EEE BAFE ASFHR Bl 8% FAHLAE FYste H)
g3 Asd 2E 7| 2AEE Sy 2t

AZ 10 Fets FHA dole el Ads T} N2ARE TUEEZ AR A, (Korea Expressway
Corporation(KEC), 2009), " =247 .8, (KEC, 2020), T=20] T2 A4 7]12o] 73 72 314, Ministry of
Land, Tnfrastructure and Transport(MOLIT), 2020), =244 7]% ,(MOLIT, 2016a), FZEZFA TEE2 2
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ReFUA Wt ALzl PYeL £

Folole] 2del oMY FRUY BP0 68 7B 22 HolE00E 68 7B} TSR 7
B ARSE doleurd 8¢ /1), FhnEARAES FhuEesda dojsend 74 /18, 'E
2PN A % BelA Y 4R v 118 %A £, (MOLIT, 2016b), TE2HHAM A4 8 BAH AL
W =W LHFTA (MOLIT, 2017a), "HHAFD g 93 A 43 7ho] =5 (KNPA and Korea Road
Traffic Authority(KoROAD), 2017), T2 5 x-HEA] AX]- 32 v]Fd,(KNPA, 20202), "= A2 F54 23
2 2] v, (MOLIT, 2017b), "7PAE SEAGA 28 HX)-&9 vl 72, (KNPA, 2020b), "E25 %Y A
172, "TE2WEH A2 A192,0|t}

7412 20 sjFaks QA HlolEel Bes £ | 2ABE THARAA EATIRC V| EAY @Y )
EAEE 724, Busan Metropolitan City, 2010), "E=29] F=-AA 7]Fol] A 3 )4 ,(MOLIT, 2020),
FE2 M7 27, (KEC, 2020), FE2477]%,(MOLIT, 2016a), " &= 24747 41, (KEC, 2009), FA%H A
a2 [EE 6] Sl AT V1€ 7IE, TEEAAAL AR 5 BYAR AgH G YA A (MOLIT,
2021a), TEEQHAAA X 2 T AP ASH Y EIEAA M, (MOLIT, 2021b), FEE FAG WEHA
) (MOLIT, 2018), "=2b A 42 8l &A% Ald AFASAAE,MOLIT, 2021e), T=2dHAA
A2 8 BEA AT EZAFIEA(MOLIT, 2008), "L FA157] 447 2e) o7, (KNPA, 2020), 723
AT oS 913 bRAIA 2] ko] B (KNPA and KoROAD, 2017), TEEQFEAA A4 9 #2A3 A
13 A FEA 4 (MOLIT, 2021d), Fa 5= AEA] A 2] vl 79, (KNPA, 20200), F=2HH A A2 &
2227 27 2% A, MOLIT, 20160), "5l I EeHan] 7 2571241 ,(KNPA, 2020d)o]13}

AZ 30 sdat= QA wlolEls BAs) £ N 2ABE T2 TEY AI5Z,, TS2EY A6lZ,,
rERREY AP Aoz, (ISEE WARERE AY 14,0020, THEE *C*ﬂ““‘ﬁé’ B
w472, (KNPA, 2020b), "7Hi 8 mEQAEA HEA3,(KNPA, 2017), T2 FAPE @5¥2] %), (MOLIT,

n)
o

2018)°]t}.

A 40l sigets AAl wleolef el dds 3 rxAsE 'E2uTE 2AAH Az, 'EEUET
ZAAR R 2], PTEEFA LEEE FIE0lE TL] TE HoJE2020d 6€ 71F), TAEER 7]
Qb 2-&AF BAF A2 A 37F AUel e A7 B IA (Korea Transportation Safety Authority(TS) Korea

Automobile Testing & Research Institute(KATRI), 2020), "[E & 1] Ao’ $A 4 LA B ACLW) AZAAA BF
(Sh,, TE2Y Fx-AA 7)ol B3 77 a4, (MOLIT, 2020), TA52F 2 AExpEe] Asa) 7)3d B
g FE 3 27] B AEFTRAE ] b T]E,(2019)0] T

A% 500 st YA dHolHe #A-EE FHE V2AEE FREEFTA AEER FFUoE JEH
2016~2020¢ 145 E nEFEA A5 358 o] & gk TE2AAA | 2 AR A2A =
A4, (MOLIT, 2016¢), "HYALL o3k $J35k obAA|AM 2] 7ho] =8 (KNPA and KoROAD, 2017), "= i*é
A 23 (KEC, 2020), T=& %% 7]%,(Korean Standards Association(KSA), 2019), FA-&53) Al £A4%E T
771 2 2370 33 A7, (KoROAD, 2018), 71732 E /N =E 9 2016~20201d 98 ©olH, oloj =g
oto] FHIISA AT I Ho |t

AlZ 60 ddete YA vlolE et BHs) w3 7I2AEE TAETHAL AA 7€ FFi(Kee, 2017), T
AEFHE 93 AMA71E5E, (Hwang, 2020), "AHE&FHA-E2He] A A 9o 14 (Son et al., 2018), T
V2X 71% S, (Kim et al, 2017), "HE A& TP AP V2X FA71E,(0h et al, 2016), TAEY AFAt
EEA(V2X)E $3 56 54l 71%,(Jeon et al, 2017), "AEFH2} U] N H3} (Back, 2020), TAEERE
A% T 1|57, (National Geographic Information Institute(NGII), 2019), "AH-&53] A Y& 93 =23} Al
232 7lemd 9@ AE 718 AR A (Korea Agency for Infrastructure Technology Advancement(KAIA),

I
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2017), "AEEEFYS 93 LDM 2 Vax7dk T2 A AE sdh (KAIA, 2020)°]Th

5. JIZRZ B0 T2 HSY T4 38 £
M9 el oo ERHE TARLY Fe A:TFVA TR BHT IFL F 5 U= 3T
S2 AR whebd, B9 Aveles] 74 FHak ge] 23T AY Auel et BrlstnA s AT

<Table 2> Types and elements for each layer

Layer Types Elements Types Elements
Road Type of road section Lane color
section Type of road pavement Lane type
T f kin; t 1
Type of road alignment 'ype of road surface marking except lane
(arrow, text, symbol, etc.)
Minimum radius of curvature Lane standard
Road .. Road Minimum recursive reflection performance of
. Minimum length of curvature .
alignment surface road surface marking
Superelevation marking Color of color lane
Minimum road widening Type of color lane
1 Minimum length of transition curve Standard of color lane
Length of longitudinal curve Paint type of color lane
Maximum longitudinal slope Minimum recursive reflection performance of
Road slope color lane
. Lateral sliding friction coefficient
Horizontal curve
(actual measured value)
Lateral sliding friction coefficient
Number of lanes . Lo
Others (design application value)
Lane Minimum lane width Longitudinal sliding friction coefficient
Minimum width of the right shoulder Maximum speed limit
Minimum width of the left shoulder Design speed
Type of road structure Message color of the Variable Message
(bridge, tunnel, soundproof facility, etc.) Sign(VMS)
Tye of soundoroof facilit Installation structure format of the Variable
P P Y Message Sign(VMS)
Type of road ecology Traffic signal type
Width of greenbelt Traffic signal installation type
Road - - -
Tuctur Type of median strip Traffic signs shape
siruetute Minimum width of median strip Traffic signs color
Type of safety facility Road Traffic signs installation type
2 Type of crash barrier fac(;fit Traffic signs installation height
Type of emergency refuge area Y Type of delineator
Standard of emergency refuge area Tubular marker standard
Width of emergency refuge area Delineator sign structure
Type of road facility (Shock absorption facility, Delineator sign shape
runaway truck ramp, etc.)
Road Type of shock absorption facility Delineator sign reflector color
facility Type of runaway truck ramp Delineator sign installation height
Display format of the Variable M . L Lo
1spiay forma S(i)gn © Sa)lna ¢ Message Delineator sign installation interval
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<Table 2> Types and elements for each layer (Cont'd)
Layer Types Elements Types Elements
Chevron alignment sign standard Obstacle target sign reflective performance
Chevron alignment sign color Obstacle target sign installation height
Chevron alignment sign reflective performance Type of road lighting facility
Chevron alignment sign installation height Continuous lighting installation height
Chevron alignment sign installation interval Tunnel lighting installation height
5 Road Road cat eyes structure Road Type of camera
facility Road cat eyes reflector color facility Type of bus stop
Road cat eyes reflective performance Length of bus stop (Direct)
Road cat eyes installation height Length of bus stop (Parallel)
Road cat eyes installation interval Width of bus stop outer separator
Obstacle target sign standard Width of bus stop lane
Obstacle target sign color Width of bus stop platform
Type of variable facility Varia.ble Variable speed limit applied speed
facility
Bus-only lane operation availability Construction and work presence
Bus-only lane operation time Construction and work lane
Hard shoulder lane operation availability Type of construction and work related material
) Temporary (traffic cone, Temporary lane, etc.)
3 \;:gi?;e Variable speed limit operation availability facility Accident presence
Variable speed limit operation standard Accident lane
. . Accident related material
Variable speed limit type (warning triangle, Accidental debris, etc.)
Variable speed limit expression type Others Temporary parking presence
Variable speed limit sign diameter Road pothole presence
Variable speed limit sign size
Vehicle type Relative location to Ego vehicle after t sec
Initial driving lane Relative distance to Ego vehicle after t sec
Initial movement (driving, lane changing, etc.) .l\f[ovement aftet .t se¢
(driving, lane changing, etc.)
. Driving lane after t sec Actor Longitudinal speed
Ego vehicle Movement after t sec o .
(driving, lane changing, etc.) Longitudinal acceleration
Longitudinal speed Lateral lane departure speed
Lateral lane departure speed Time to collision(TTC) with Ego vehicle
4 Time to collision(TTC) with Actor Number of Neighboring
Number of Actors Type of Neighboring
Type of Actor Driving/position lane
Actor size Relative location to Ego vehicle
Actor color and material . . Relative distance to Ego vehicle
I — Neighboring — :
Actor Initial driving/position lane Movement (driving, lane changing, etc.)
Initial relative location to Ego vehicle Longitudinal speed
Initial relative distance to Ego vehicle Longitudinal acceleration
Initial movement (driving, lane changing, etc.) Lateral lane departure speed
Driving/position lane after t sec Time to collision(TTC) with Ego vehicle
230 URTSYL=ET 217, M12(20223 29)
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<Table 2> Types and elements for each layer (Cont'd)
Layer Types Elements Types Elements
tional
Opera 1(,) Average daily traffic volume on expressway Average local lighting illuminance
constraints
Day and night Lighting | Average tunnel basic section lighting luminance
Lighting | A ti lighting luminance at night
gHling | Average continuous lighting co atmg Standard of illuminance without lighting
(dry road surface)
5 I
Weather type Weather Road condition (dry, wet, etc.)
Maximum surrounding temperature Type of visibility-reducing substance
Weather Visibility (fog, yellow dust, etc.)
Minimum surrounding temperature Density of visibility-reducing substance
Maximum wind speed
V2Xx
. Communication performance (latency,
Type of sensor communica .
. interference, etc.)
AV sensor tion
rfi
6 . Sensor. Pe OHTI?HCE Type of digital map
(failure, misrecognition, etc.) .
Digital map —
VX . Digital map performance
.. Type of communication e

conmmnication (positioning error, update delay, etc.)

BA
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Z 15672 71538 FAHLAE

ARSI AN, BE FHLL TR F2340) el 27} 71352
2 gol B2HE 2L WAHLA AFYW F WS o Y1) TP A YAk A9t
’ 2~

]_
=3 3& HWH 71EE B ulg- 8§l Ul o) 3 8179 8T AASHAL EA, E
o 23 $ FHLAZE AAIAT Ee 15 FAHLA
3 T TARALAE AAHJT AR, dE7F F7F AR AAG
HE AA3 wrgsta, A7 U FoE B3l AA" 7849 AFE FELAT AHReA HESY FH
8 Atk AEE B3l AAR 884 F UV BA% FH A AT FHR8AE &

oﬁ

k21 TH84A FH F AAZ B3 AL AT HF THRLANM AAS LA ST AR

A, AAE LA FolA e FIEHUN FFY F/PE 2osidith sdEH TR e Za dl
I 9o} AAHJAR, AE7F AEAr Ase] HRgko] - BRKE) oI, F 4089 T

S8 FomE FALAYS FAT AT E=Z HIGFA £33, HldFA

A, BFA ZAe AAE FEo|A T AEFPAA FA F EAVF AAE A LD
Z(minimum risk maneuver, MRM)= F3317] 98] 1T vt oty AGstTh mabA Al e 74
[AE HFFAY A5 E APt AT FAH 84 FUI8IATE o9 doldle FAE8A F AAV F

83 T8 AT EAEHA ggtod, WAl BRI P8I AT WAl Wed FHLAE
FRAEA AR B wERAEA TR AP o, WETE It AR T B o] ohd uF
FHEA Y] FREE 8405 EE0h 2o 2 A e odS wgsslth webA fAlEA) o5, ¢

x4 R wAst HF FA8sd FUIER. o, AAEA G} FlEA = FUIeHA] edgked, O
olfe F TR EAE I, AAARE ol I ARE Zosta glof 2 uHFd B} gl
HH7] Mot HFH R A 7 71Ee B3 AHE HF THLLE F TIHE <Table 3>9F 2T

<Table 3> The final elements for each layers

Layer Types Elements Types Elements
Road section Type of road section Lane Minimum width of the left shoulder
Type of road alignment Lane color
Road . -
. Minimum radius of curvature Lane type
alignment — Road surface -
1 Minimum length of curvature markin Type of road surface marking except lane
Road slope Maximum longitudinal slope . Color of color lane
Number of lanes Type of color lane
Lane Minimum lane width Others Maximum speed limit
Minimum width of the right shoulder
Type of road structure Regulatory sign presence
Road structure Type of median strip . Supplementary sign presence
Road facility — —
2 Emergency refuge area Presence Type of road lighting facility
Traffic signal type Type of bus stop

Road facility

Traffic signal installation type
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<Table 3> The final elements for each layers (Cont'd)
Layer Types Elements Types Elements
Type of variable facility Type of construction and work related material
Variable Bus-only lane operation availability Temporary Accident presence
3 facility Hard shoulder lane operation availability facility Accident lane
Variable speed limit operation availability Accident related material
Temporary Construction and work presence Others Temporary parking presence
facility Construction and work lane Road pothole presence
Vehicle type Driving/position lane after t sec
Initial driving lane Relative location to Ego vehicle after t sec
. Initial movement Relative distance to Ego vehicle after t sec
Ego vehicle —
Driving lane after t sec Actor Movement after t sec
Movement after t sec Longitudinal speed
Longitudinal speed Longitudinal acceleration
4 Number of Actors Lateral lane departure speed
Type of Actor Number of Neighboring
Actor size Type of Neighboring
Actor Actor color and material Driving/position lane
Initial driving/position lane Neighboring Relative location to Ego vehicle
Initial relative location to Ego vehicle Relative distance to Ego vehicle
Initial relative distance to Ego vehicle Movement
Initial movement Longitudinal speed
Sgﬁ;:;?nngl Average daily traffic volume on expressway Weather Road condition
5 Lighting Day and night Visibility Type of visibility-reducing substance
Weather type Density of visibility-reducing substance
Weather - -
Maximum wind speed
V2X
Type of sensor communicatio Communication performance
AV sensor n
6 Sensor performance Type of digital map
VZ)'(cation Type of communication Digital map Digital map performance
Vehicle type Actor Actor color and material
Initial driving lane Initial driving/position lane
. Initial movement Initial relative location to Ego vehicle
Ego vehicle — — - - -
Driving lane after t sec Initial relative distance to Ego vehicle
Movement after t sec Initial movement
Longitudinal speed Driving/position lane after t sec
Actor Number of Actors Relative location to Ego vehicle after t sec
Type of Actor Relative distance to Ego vehicle after t sec
Actor size Movement after t sec
Actor Longitudinal speed Neighboring Driving/position lane
Longitudinal acceleration Relative location to Ego vehicle
Lateral lane departure speed Relative distance to Ego vehicle
Neighboring Number of Neighboring Movement
Type of Neighboring Longitudinal speed
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<Table 4> Verification with related standards

Elements of ASAM

Elements of ASAM

Elements of "High Definition

Layer | Final types of this study OpenDRIVE OpenSCENARIO Map Construction Manual,
- - - NODE
Road section - - -
Road alignment palnView - LINK
- link - -
1 Raod slope lateralProfile / elevationProfile - -
Lane lanes -

Road surface marking

lanes / signals

SURFACELINKMARK /

SURFACEMARK

Others (such as speed limit) type - -
DRIVEWAYSECTION /
Road Structure objects - VEHICLEPROTECTIONSAF
ETY
SUBSIDELARYSECTION /

) PARKINGLOT /

SAFETYSIGN /

Road facility objects - TRAFFICLIGHT /

KILOPOST /
HEIGHTBARRIER /
POSTPOINT
Variable facility - - -
3 Temporary facility objects |/ sway - -
Others (such as tempo:
parking. road pothIc)ﬂ:)lry surface ) i
Ego i Entities / Private / i
ManeuverGroup
Entities / Private /
4 Actor i ManeuverGroup i
. . Entities / Private
Neighboring ) Maneu\//erGroup / i
Operational constraints - UserDefinedActions -
5 Lighting - GlobalActions -
Weather - GlobalActions -
Visibility - GlobalActions -
AV sensor - - -
6 V2X communication - - -
Digital map - - -
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