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A Framework for Calculating the Spatiotemporal Activation Section
of LDM-Based Autonomous Driving Information

ABSTRACT

Basically, autonomous vehicles drive using road and traffic information collected by various sensors. However, it is known that there
is a limitation to realizing fully autonomous driving with only such technologies and information. In recent, various efforts are being
made to overcome the limitations of sensor-based autonomous driving, and efforts are also underway to utilize more specific and
accurate road and traffic information, called local dynamic map (LDM). However, LDM-related data standards and specifications
have not yet been sufficiently verified, and research on the spatiotemporal scope of LDM during autonomous driving is extremely
limited. Based on this background, the purpose of this study is to identify these limitations through an analysis of previous
LDM-related studies and to present a framework for calculating the spatiotemporal activation section of LDM-based road and traffic
information.
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LME

2T Asake AR AME B3 FHEE A5t ols
shehs 71es Fol 79 715 Ao Fado] gk W
A} A1 Al2=8l(Advanced Driving Assistant System: ADAS)
2} GNSS (Global Navigation Satellite System), 71|z}, o]t
Y AN TE B olE Tk Ve A 7 AT
71&e] A AR Ei(Na et al,, 2020). 2o} of2f3h b
A 71RF AHe3) 7)ol SAPE Shaell thgk Q14le] S7kshd
A(Kim et al.,, 2017a), =2-01% <1=2} 7|&, A3} 22 0%
Q) 7k FA 71, wlole] 54l 8 AEA T Be
Heo] Hr} obdslal d4¥ el A-853(cooperative connected
autonomous vehicles: CAV)o] 73+ 218kl gt o]k
Ak w2 ol vhe vheish £o3S BeRs T
E(Ministry of Land, Infrastructure and Transport: MOLIT)o]|
A= 2022 HE3 a8 AFsAF AR S EES sk
5 AT 7l el =4 hdeal JITMOLIT, 2021).

Aoz, AeFa SR T4 RS ol e
Ay we Qe AAE AERE 8 gue) ol
AR PR e FRE 88 daVt itk 59, g3
o] AT 7ed AT AeAE 282 F9Y Alojs
S Hom AEe] 24 FPsd B WS dolie
Aass) ue) 40 9 o] Was) F AeFY Ao
T3 AR gl AR, PR, w'sgR 5 AkeTo] dad
A4 8 54 ARE TAskL TR Aom Aelus A
AH(local dynamic map: LDM)7} Zgslck AA] 718k 2853
7is5] WIS B9 $18) LDM ok 77} - S=sIgialet
(Blervaque et al., 2006; Horita and Schwartz, 2015; Shimada
et al., 2015; Yang et al., 2017), K9] 578 &35} 71¢
Y, 5, w2 FEE, ARk S AgHo| ARy 2dst
Tkl Tig AT vl ARA|T, wehd i shre] BAL
X LDM uo]8 &85 HESKL, o]} ##E LDM A+E
24 HEsle] LDM #el ool 9 2 ARe wdsi,
o} 7I¥ko 2 LDM 7[Rt =2 wE g Kol g3k S48t 77k
2P ZEQI9 =S AlAIskaLAt gk

2. LDM 9| 2 g

LDMo]2k ITS-stationdl] WAI=|3, |8, 9%, ] FRo}
] ITS-station AH-E EFR= A dlole] Apag Helw),
ARE s R thek AR gl AR} ITS Stationz
AR FG CITS 2 Aggedzs) AH)2 FHAS 7FssH] sh=
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A=

7]&olth. LDM vloJel= 4749] #lo]of(layer) & 7d=]m, -
XA K (permanent static data), L)% 24 B (transient static
data), A% 527 H(transient dynamic data), €4 S2FH
(highly dynamic data)2 Ydtl(Fig. 1 3=). LDM & EFo
2+ ETSI TR 102 863(2011), ETSI EN 302 895(2014), ISO
18750 5°] A £ Ag-elx= LDM tlod] /o thgh
o] @ Argo] Ajo] 9J= ETSI TR 102 863< Harabeick.

ETSI TR 102 8632 ITS ¥ol] A3 LDM 7fo|dxE
AlEskL, LDM 845 S48 Aejgit): sk, LDM o9
Z]+= ETSI EN 302 8955 3%3lt}. LDM o}7)elxl= LDM
] A|2=EI(LDM Management)9} H|o|E] #A}AyData Store) 2
RAw(Fig. 2 320), ITS ofZF iAo LDM 23] Al=H]
< 53 AT AsAp o3 w2 u%s PJRE Atk
£ A= ITS ofZejAlelds T4l = HESI o, Table
12 ITS ofZejAlo)id9] dieole] &4 18 Aefgk Aot o]
e el H 53 LDM ¥ g, AUExRe 7k
°] LDM 7is $Jsll LDM 7§ 9 o}7]€lA], LDM 7]5¢]
[TAR) 55 AJSHATKITS K, 2020). A5 LDM dHlelH
&4 9 dlojg] £Al Sl g QIEFEe]~ s $3)
ITS-Station o}Z}Alo] 4 Ael7} $-4slolof e S,
LDM tlo[HE U] 717 $402 28t rKTable 1 3=x).
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Fig. 1. Concept of the LDM Layer (Shimada et al., 2015)
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Fig. 2. LDM Architecture
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Table 1. Classification by ITS Application Information Elements (ITS-K, 2020)

Type of LDM data Category

Details

Permanent static data

Local road topography

Lane precise local road topography

Positions of permanent local point of interest (POI)
and services (including public car parks)

Name, Type, Location information, Total number of
parking spaces, Park & Walk or Park & Ride

Positions of local toll collection points

Name, Location information, Direction

Statutory speed limit descriptor

Location information, Direction, Speed

Transient static data

Traffic signals and traffic signs

Location information of signals and signs

Positions and meaning of new signs not in the
pre-loaded map data

Location information of road sign, Type, Sign parameters

Positions of new POI and services
(including public car parks)

Name, Type, Location information, Total number of
parking spaces, Park & Walk or Park & Ride

Toll charge for each collection point

Transient dynamic data

Locations and dimensions of road works

Location information, Direction affected, Speed limitations

Temporary speed limit descriptor,
Current status of traffic signals

Location information, Direction, Speed

Current status of traffic signals

Phase currently facing host vehicle

Locations and dimensions of hazard (including
stationary vehicle and weather conditions)

Location information of hazard

Identity of lane affected, Hazard type, Propagation range
of hazard report, Propagation direction of hazard report,
Current status of hazard

Temporary changes in lane or road
direction restrictions

Lane identifier, Restriction type, Direction of traffic flow,
Speed limitation, Location information

Designed progression speed through linked
traffic signals

Location information of linked signals,
Direction of traffic flow, Progression speed

Positions of temporary points of interest
(including public car parks)

Name, Type, Location information, Total number of
parking spaces, Park & Walk or Park & Ride

Current status of all permanent and temporary
local parking facilities

Open/Closed status, Number of free spaces/percentage full

Position and meaning of temporary signs not
in the preloaded map data

Location information of road sign, Type, Sign parameters

Highly dynamic data

Current speed, position and direction of all
ITS Stations within range of the host

Pseudonym, Vehicle Type, Current status, Speed,
Direction, Location information, Lane occupied

S-uje] LDM Hlo]e] <ol tiet theEie) o Afelg s
25}, LDM HlolEfi eibe 2 47l 792 4 Qlow, do]
&4 AR disiAe
TR 102 8632] ¢, Layer 19 3|d3sl= A= ARE 7k
ShIA: ITS-Ke) A5, A, A8, e

zlo]7} Q& Ao = vpERdT). ETSI
1A
A,
5 oz AHolsit) B3 ITS-Ki= =HEA R

d7#o =, LDM

B ey o SRS dEs A,

LDM dlo]g] 24e] Aol dlole] % 5] we} gejd
4 9IT) 3 LDM EEe dAlole e Qo 71w
ae) wisjel vk %49 @} L Ao W

3. MogoI 24

L} ﬂ%"}?‘*ﬁﬂ@i A5s HIAEE 5] Layer 1= 2] =]o]
9101} ETSI TR 102 8632 Layer 22 2]¥ Zo & yepsi
12t Layer 3, 49l vlofe] £ AH= vlar fARE Ao
LR

LDM Blol8] £4& AelshIt LDM ele]els $g3h= st
& TSR 9l o] oY e eslor) 59 4185
Aego] ofgals wmae) GaE HL g 2o the AR
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FANERR N g Aue] AB0 B 77 A

gre] &s} el tht s S ASEA X9 itk
wepr] & Al TS dlolee] deln 7e d7-s HE=st
o A tlolE Wt 7, 71 LDM doJelE &85t
A2 2R A A7, LDM tlofd] &8 7, 2253
Aoz sl AdYdTE Aelslaat sigink

3.1 X|= Hoje Het

Horita and Schwartz(2015)= 285308 $J3F ADAS o=g]
Aole] B vlole] Fe I B9, AeFqo] Fsehes
283} go|E] AlEe] HHHAE 27] 215 ADASIS (advanced
driver assistance systems interface specification) v2 2 LDM2]
Mas Hstaa} sledv) A3 o2 MPP (most probable path)
7 7 A =S A B3] path mapt AR e
spatial map & F-E30 2 ARRER= dho|Bg= e Hloly
Has 738tk o5 &8ste] Ag A 30 kmh <22
AT Hlse] Ason], A4 Wy 8w ol
7¥s3t Ao g Vet w3t P2 4y B ko] A9, HiolE]
ago] i 80 %7HA] YRt AT gl o] tloE]
AR ZHa S B2 ofFo] Sle Ao ' dekEth Yang
et al(2017)& LDM tloJEle] =1 Aakel 4524 58S
7] Slol STEARAZ Q] HUHAA| = Hlole] 2] wigh
¥+ LDM®] 2422191 DM (dynamic map) Z2ESE A3k
Ao 2 ZAvke] Hlole] &/dst 77to] WoldqS tlo|E ¢
7)o} dloTe] 22| &g ARte] S7kke Ao s Uepton, ol
HEe 2, 0.2 s 715 FH) 250 me] HjoJE] 73kl gk HlolE]
A 71 AXsATk

32 nSFEE MY
Yang and Jeon(2018a)& &3 g0l =2 A=

AR7E dashy, vl Ae FE o] YARE wehs
WEE ko] Fasithal Akt o)E S Aw 1 5
tlefeplo] glo] $1APgR.e] niglo] 7Fash TR W
TPt Qla/trge] IS Sl 24} 25 em wRke] e
E=E 7IA]= L-LRM (lane-level location referencing method)
ZHIH=E AR, 75 W7 55 S8l RIES
¥k T Yok A AR opfe} =2 9] oHlE AR
ik A} <20 91| Tjeto] 7hedt FAAARERTHE Tdet
Fom, oMIlE FAARS] &go] 7k HAE EE oMIE
#Ag] A2=ES 7REickYang and Jeon, 2018b; Yang and
Jeon, 2018c).

RS]
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A=

3.3 of=2lAH0Kd FHE

Blervaque et al.(2006)& A4 AR 7[¥ke] ADASE tA|E
Ao} 215 91| BRE Bgale] A =2-wF J8E vletsie]
I 7VsE skt sHdrk gk ADAS ofZE|Ao)d Ado]
7Fsdt A% HlolE o] #i7 IEjHo)2E Tidskal Hrkeksick
A0 72 A% doJH 2] ADAS ofZelAlo)ld He 7Fsskal
om, B4 thdE 87 ARRS B2 8 0.1 ~ 15 %= eItk
gk Wk B Fatus ti7)AREE Fo) 0.53 msE
LEpkom, A%=-ADASTE tlolg] 2EY ti7]ARES Fo 1 ms=
YUERIT: Shimada et al.(2015)& C-ITS oA ==F Ao
HAUS 978 FPstlen, T5 AR olZeAeld 7kt
LDMS- 7-318taL 37keolt 22, AHEEE vlolH & 283t
AR A Az, AR AR Lare]E(stopping distance algorithm:
SDA) 283+ 3% 913 Zal(longitudinal collision risk warning:
LCRW) ofEgjAlo)de] thgh AFS Xegsaitk LCRW A
F71%= 100 ms, 500 mso]w, xFEFIRE 50 msmi} ZPAEIITE
Ao 2 AFE Al wt vlold AR 6 ~ 15 msE
& ARE AlolE BSom, Ak thart 57Kt wlek LDM Ui
it ol molAle Ao R vt Aol v FFE

o

785, ARE AR JIZo] R G A= ek o= Vet

34 XI2FH M3

Kim et al.(2017b)2 DGPS (differential global positioning
system), 3D LiDAR AE §lo] AUE=ZX = ARl g33}o]
AgTo] 7Fsdh Al2%hs 7iEERsirk LIDAR, RADAR, GPS
Ao} A A s Ba volele) 4oag Bolo
o, 22} AR @ ey T JE 7N FA2E ST
A3H0 2 40 kmh olsh Zod AgFao] s Ao
LERATE Jung et al(2021)& 1A =S 7Eke 2 PR
9 2R T ARE sl ST B v A= Qs
sk A58 JAFsislen], SAAA T T A= Sl
Sl ol simle 2o Az 44 daeiRe Ak
AlEdolds S8l dE A datdlse] a3 SAselen,
Ao w Ame) o7} olds, Fohe] A} ol
= Qo F7iste Ao vehdeh sk mRE dueEe
DWA (dynamic window approach)2] 3HAIFS Bekshd, =gl
S 3R] S of= A 7K 4 Qe Eefeel guekgow
shekec

3.5 9OF I AKFY
7k LDM ¥4 8 HESH 2, o TAME e ==
% lolek W), vlele] HE BE A7e] A, 1S0 18750,



] kvd

oft

ESTI TR 102 863, OpenDRIVE % t}Fst 2S5 FH,
BAHE Foplele Alrt T8 o)F9tk A% dojy Wk
#HE A7eME A= oy &8 gk &&dol Fefng
ATt A7} veRdth A9k LDM layerE FAo2 ATtd
At mESt o, tiit AUE2A % oy F4e
7} P E Ao 2 YeRdT) - Vehice LDM. RSU (road
side unit) LDM Hl|oJEjol] A2j&t=ol] thet 7 ARRS: AX sV
(Roh, 2020), ISO 22726-10] A= FEFs}=]ar ¢l o ‘Belt’ <}
2 N2 F2e) A2/t A8 e v 2F
Aol tigh Tt AFARIVE AEF SR o)Fojrop & Flo g
Heltk

tje}3lk LDM HloHE 7Hke g v L2 wsgH s YA}
o] ©& 290 883}/ Yang and Jeon, 2018a; Yang and
Jeon, 2018b; Yang and Jeon, 2018c¢c), A& 527} 33
% Hask JH(SDA, LCRW 5)E A/J8le] 3 eFdAds o]
E o] 7153k Ao = vkeRdt) Joung et al(2021)941= LDM
gloje] JEAR] 7T 9 A5 7ol Bt L 2=
3}tk 3FAYH LDM Hlo[HlE &85t 21878 A2 njg- #gt
A3 HlolEyke: Eg3te] = glon], APdv= Ao g
Tk &89 5 S Ao dEr:

215 AXRE o8 ARgFY ol AT EA5H, MR
FHBHA T3k 3R gk e s tiAsl] S ol bl
33t thek AR o] deditk 2 71 d7Ee] A,
LDM tloJg] 4 o], LDM Hlole] 287 3 884 539
AT T tlolE] SHMe] AT FRE olFIeH, T F
&-83lloF & LDM dloJee] AlF7H A g w9lol tigh el
o]FoIRA] gk o= Vel webe s AETFElS 915k
A= LDM H|oJEe] A&7+ 433 ADAS horizon) 2k

T2
s

Driving dinaction

e A7} Basik
4. T2 WSYE Y072 MY DA

41 =2 uSys gdst 717t £

AETFHE e e AFsAt H B2 Qlre} AN ERE
FHERE WdlolHE 7, 24, &8sk Zlo] Fasitk et
WE oI BRI, Al S arefeh] ek R w
AR L v EEH o AEF 2] dlolE Rk
F3p} Fold 4= ek uep it 78 F weARE st
o] E831% AT A 222 Fod Hadt JRE
ddste] P dart vk &, E2alsAR 249st 3t
S gk ZEQlaE SYUs Mo R Xgd & glom,
AR A3t S SlEiME B 7 7Pge] dasith

AEF Asahe SAAE HIAW 4 BEE T
Hrt o]l Ag8) ApsAte] =2 wEgn B4dst 7R 73
AR g ARERT) AREY, 2 w588 st 1F
W SA8k= B0l tigk R o] 7Fsd 2o ' 7Rgsisint
Fig. 32 E2-w84K 848t 71 W A8k 93 711
mel wEAR = HE vERd "otk

tgo 2 AEFY APt 42 4 9325 54 wHich

= T3 AEE sk 3E 7PgsIslt) Fig 3+ i)

F XS $1A 9 AFF RO we) Aee) AFsake] 9

Nel J8ke BojFEth Casele] A9 2858 2527}
S sl gk X7} B71ssh otk Case29] 735
teys|= 5XAR] &gt o] TFsst oA w =224
3ol w2} Case3#|H 38 A= “Jolx ZA Hloel & 97}
wgsly) e Stk WhHE, Fig. 4ojxg} o] A B4k A8 ARs

i
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Fig. 3. Relationship Between the ADAS Horizon and Information Collection Section
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n|g] =83 4= 9drh, Fig. 49 Case3d} 22 Ao E the
BE dus Fa FgAQl FHS &+ vk

wpAeko 2 Ag3) oA AET) AsApt Agsfof
g T2 AR s, T agh dloleE sl
TR 883, PR 8 A87ks slok gtk ClE B9,
A =20] e, FEle AR T =2 W waler) O3l
o] Q7] wiiell, =2-uE FHo| k& FUIeH dck vt
2] 5 DEER O] JiF o R vi7| vt Fiset
Tl 3k ARE e FoE Qv vk, mse e A
e Feld Alde)r] w713 (unction: JC)F WS
(interchange: IC)S |93k QI =29} w20l 3k ARE
THE da= glok T 2] S iR o2 7] uizo)
FiF o2 31 3 ARl thek ART} wjE] R Eojof gk
ol9} 2 MES 83, TR P TR uF HR g
TRho] sl Wiskd 4 e =2 aFHE 843 711 A
ZHAYIE Atz sk

42 E2 SN S8} TIZHARY TRl Al Wt
AT ABARE A B Yl Uig A7k Fseol
s, 29 A= W A 38 Azl 2] ol &) Shal

R EUE O e BEE

i
K

A 1202 Fash AdR 7 ) G2 7Rl o =
RE7}F Fjsjofe BTk 5, WA F T FAE AR
T "2 g o)E Adeke A = iR m2ars ARt
FHEIoof shv, mReaEgR St 73t ) =g 4}
TE e AF ER R 88 7R AR 57
Whe w7luse] Zghe|olof gk

3, =2 asgR st Rto] solde] met Ae5dy
AFsApt AejsoRt wlole] Z7|= Sohpl Bk AeFd Ake
A7} AAREeR S5 dold 718 dhdste] E8eljoRt
Hloe] 2715 248 d¥e] 3] Aasith 9 F Aadh
tlojEle] 71 FolAt -Padesrt o= vlelEe 451 &
Bop) o= Y 55 9 HloEe] A9PdE Folal 59 P
< =Y 2ot Yok

npARte 2 S AR 52 udssh 2 A2 The
T2l AR met fro1gt 28] Thsstolok s, of: =
PR BAsL 73t R 5lo] Thedt Yage] do) &
ARE B8 TR 5 e Ao w drkdr) Fig. 5 ol2d
s Agsto] AAlele == wsgE 28t 2Hg Zellel=
oful, ojefdt /i3S Bk, AeFH AFeApt HE A=
ER R SAgs) Tk H o AAslar g e el

H

_,_.
2
o=

¢

\

¢

B

< >

>
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(a) Case 1
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(d) Case 4

(b) Case 2
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Fig. 4. Selection of a Driving Path for Each Case
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Fig. 5. Framework for Calculating Road and Traffic Information Activation Section
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G

@ 7] E2WERR B W9l 4%

® e A= 91, Bs e i) w2 vlele] u Bgst

® BHsHE wx dole] JRE Afshon] hase ARE
SO} 9 AR 8 B45} dolE] =17] =3

© @4t W9l W Zeehe wusl 92 52 sletsl 1
ol et st w9 =

©® sk 9] ) = 9 Y1) ) vole] =k Aug
A%, G DY} 7178 AP0 FYsh, e A

EEICEETY P

548
B ¥ A5 A5Ap} 8o} & LDM Hlolelsh Bl
B, LDM HolElg 283 drAlelg REslel, 7 a7

SIS RI8ieir B3k LDM Hlo[elE &8sk A3 $Hd
X A&F3 A5t Aefslor & ujolE] 4 E&Fo R
sl $J8le] LDM ARe] ARszEs gAdst 771 gk Z#ed
35 AABIITE AxlE ZEdYTE =2 f3H S AR
o] 8 &5ol w2 LDMe] ARFTH Egst 71ks 2pEs)sio]
BEZAQ AHHo 29 o g FAE Aok

LDM djol&7} &&=l 2853 oM e A3 AFsxt
7} Azjsliok & Hlole] #2 g =7] wiiEel| &&2421 doly
Agfe rErasit) 2 ol ArE ZEd)Ts o2t
FEAO 7R FaL JARE 2] Aglol) AlEEe)xde B3
ATl o|FofRA] ekt SHAVF EAlgck wlebA V2XTUF
7hset B2 QlrEle) ARl AFeAtE &8s A, 32
AFAEYolEe} FAAEHCTHE AR AlEdo)d 20l
o] HES F3) AAE ZEgY=e] H5o] Fasitk

B e SRS |ExEde] ks &4 7N
I& 72 FA(21AMDP-
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