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B e 7120l g e]d LDM(Local Dynamic Map)oll SAAE AR AF 71%5S
ZHFLDM(V-LDM) 71=9] A 9 /e, A5 HE5s 5202 gth o] & 9|3 LDMZ
AT AR AF dd FAEE 2 B4 7)1&S Fuste] AHLDM A28 TS A
o 3 AEFYPL AT AT 29 HRE e AUAAR T 7B TS Ats
3, 2AF A £ 374 HR(AH+5E FR) ALE 4 WA A Dynamic Map (DM)
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A= DMEZZEZ A 759 e 45T 23, voly 279 A 3 A 25
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250mell S Fsts ARE AFse AL FHHI Yooz AT
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alo] : 2853, Local Dynamic Map, 32 AAAE, ADASIS, DM protocol

ABSTRACT

This study aims to develop the Vehicle Local Dynamic Map (V-LDM) and demonstrate its
performance for providing dynamic map data efficiently to the vehicle control module. Firstly, the
concept of the in-vehicle LDM has been established and then the system has been carefully designed
according to the international standards. The high-precision digital map embedded in LDM has been
designed to incorporate the lane-level information of road network, and the Dynamic Map protocol
(DM protocol) which is a message protocol including the road data with dynamic traffic event data
has been defined. The performance test of the proposed system has been conducted in the
uninterrupted road section of Kyungbu expressway, showing that both of the data size and the elapsed
time to finish the process are almost linearly proportional to the length of target road. Finally, it is
recommended that the length of target road for DM protocol be less than 250m.

Key words : automated vehicle, local dynamic map, high-precision digital map, ADASIS, DM
protocol
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T B2 AEE At £ 5AS FEA tiFe] dHolHE FAlstka o] F b B :‘%ﬁ*féﬂi 1
7o AF3HH WeE AR ojnf HAHOoT gFEE F]Eo] thkd HolE o w21 g3 A
+ ¢ AF3HE volEo]l 28 FE3HE IEH o~ Y]zo] Aot FH A
A2l e g HolH e A Z2A~E dYU8sk= Local Dynamic Map (LDM)
FF3F Aol 4R HHEE Ve o] W Folt(Iso, 2015; ETSI, 2011).
FEAAE FH A, B, R2EAEE, o|HE 59 A 7 4 LDMAAZ Ao, A&
F2 AT FARE ZIE 2 QFITHISO, 2015). ©] 3 LDMAA = <Fig. 1>3 2ol Y| 7§9] #ojoj& 4
d LDM A%a FEs dHolEHolzdd Aol Hejdnt 19 #olojol= A AR = (High-precision
Digital Map)¢t 22 G5 A4 AHE, 2% dolojodles E2FAPE R, Arnt=a9t & A A2 Q(transient) 7
A FRE, 3¥ #olojole= wF % EM, AbaLel 22 dAAQl F24 ARE, mpA o g 41 Holojoll= F
b, Baziel o] A ARE #It) ArM AEAAAEE BE A% A AA7F 10~25¢m ©] 8}
o] A LAE JHAH =mO| A ARG} A FiEo] Vet FFY AYEE e ARE Yrdth

b

(Fig. 1) LDM Data Storage Concept (source: Yang, 2017)
A&FH A AA et TS T3l A5E LDMAA ZRE o] &ste] 228 FL §17] wjZo] Hgs)
L mEA g FrI7E A g Alo] mEol] ALFHoof i, o5 Heix= At FHol A s LDMA
A AE7F ALAAAZohe] wfjg AFE Tl 52 A 5 (Dynamic Map)E WEHE o] A-&FP o] Ak gl
Aol mEol| AlFH ok gt wEbA B Aol ol2dk S4HE LDM A2Hl, 5, 7]& LDMel $AA =
AR AF 7150l F7HE A 2EE “AHFLDM olgt Ao, o8t THA L JRE AEH O AFd}7]
9% APLDM] HA 8 AL} 1 e AEL BHOE Wk olF 93 B HE 7%, Al o
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I.olg4 2%

LDMS Y ITS 7% /NES 93l ITS 71X 2ol m= = Wik & bolgE 4l43sta A gst
Al A2 ﬂoﬂ oA Atd 71E2A, FAZES]TFAS0) T FHE A7 FAZZE | ETSD SollA 7N
g ®BFo] AAH Aejo]thISO, 2015, ETSIL 2011). ETSI 7|€X A TS 102 8632 LDMoY Tk bzl
Aol tial 71&sta, o] £FS 7N R [S00lA] 71&T+A A 18187505 E#atTh 181875000 = ETSI
TS 102 86314 A2l LDM W&ol T}3 ITS 7)1 A (Station) . 29 34, 371 e FH o]~ #24 Ao, LDM
g o] Z g Aol 59 go] FUHEATE FE ITS NAFE 2w E] 3 JiE £ o JIFS |
A AAZ AoH e, A, AZeH AL E), BF/E2 AE, it 717] S0l old Z3dth & <
TFoAMe o] T A ITS 71AF5He AF tdo= gt

ITS 71A= Ftoll= F4lE Sal tlolElE F74lstH, o] Wl BE HolE & AR (message) = 7 2] = o
s v=e] B FAASA7EAH S (SAE)N A 12735(SAE, 2016)TH= ©]F-S.% DSRC HAIA] AR
< EWsGle, 224 HEE AEshs RSARoad Side Alert) MAIA, P4 RS HALsh= TIM
(Traveler Information Message) 52 &S £t Utk FHAME 23] F3 7|8 JRE Hol A3}
+ CAM(Cooperative Awareness Message) HlA|A], o|HIE B E Hds= DEMN(Event Driven Message) ™Al

A Sl thak W8-S Fol ETSI EN 302 637 £5& A3t

2) AA « I

VivoQR010)= AgFANA FEEE F 7HA HARES29 2529 LDMS /idstal Z42F PG-LDM
NT-LDM©|2}1. 335}t PG-LDM-S #7418 DBMS?! PostgreSQLS 7|¥FO. 2 PostGIS & 131 &85}
of 7WLH AT NT-LDM2 ¢tEZol= ZHFol 712 " SQLite DBMSE &-g-ato] /)=l om, M7}
A= "ol MMFEHE S8 AZEZHOR AAE HE 31U A

Sato et al.2012)= LDM 4 A== dolH e S4¢ wet t& A BAe At A28
FAEE= H]OIET: 2E & (Stream) FENS ZH2 A F71E %%7] wjZo] DSMS(Data Stream Management
System)E &-83t] AEsta, 1 99 HolH+ #AE DBMSE &8st sto|HEt AlxEE /st
k. DSMS+ E& FlolElE AFH wlzeo] AAsty] Wil s RS BRE = oAl w
2A AlEE F don, FE S84 A2E, SAUEY A 3l e, A7 94 dHolE A Sl
Z8dt

Koenders et al.2014)+= 4839 A= HolH T+ AZEJO] RE SHHo|1, HAFH Y AL F
&3}t FAlO 3 EEE WEE Open LDMS /'3t Th Open LDM2 H R0l T3t BE 2
< Agsty] Wil mE £55 AHOE Zi= v g R WEe AZAE 878 9
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ADASIS(Advanced Driver-Assistance System Interface Specification)= AAA =& &8l Mt 44 BE
N 2-BI(ADAS)®] 715 FFAI717] 918 Aol MAAE #e] ZET ADAS oJFAolA 1t T4l e
o] 2, WA 2(ADASIS v2)7HA &= YuA|o] A7t ADASE AR T HHE CANFAI O Z A= Ugol3l
o WA 3oAME A& LS A AUHAAE ZRE Ethemet T4 0.2 et U8 B7] $I3)
A7 A3 Foll AT (Ress et al., 2008; ADASIS Forum, 2017). <Fig. 2>°|4 9} 2o] #pate] A& 7]|&o
2 99 A HolHE YeM = tlolE 2dy} 125 ADAS Horizon(F34 & d)olzt 4 olsiH, 253}
H QA H o] A5 AFFOoZN ADAS oJEE]A o)A o] ADAS Horizon Hlo|Efe] A3t =z 2 £ 37
I #HE ARE HASED F IES 3k

o HN H

ADAS Map

Vehicde Sensor
Horizon

(Fig. 2) ADAS Horizon Overview (source: ADASIS Forum)
3. AlAFE

71E9] AT A= DBMS, DSMS 5 LDM9| HloJEl A% w2le] mE g5 #4o] F2 o,
LDMOl|A F52 o2 275 AUAAA LY o]F 7Moo g st AT FR AL WAA ] gt
= 553 Zo = gotsn, 53] AR o] AUHAAE FAol tigt AFr} FHekd A2 Yehgth
EPEW B A e ALTY L 93 S83A ALAAAE FAY FHFR AL WAA] Fxo| 3]
AA 9 Ao, AA dolHE g8t O Aee Y

o

M. 2A %2 /e

B AeAe AE5qS 913 AFLDM Md 2 A, A el gis) 71 &8tal, AFLDMAA 285
JUAAA TS 718 72 AAS ol& A Alo] AlzEel AlEst = @E A wAA 718
Tzl el 71ed.
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AHFLDME £ 8 02 A ol 91A]5hH, 611% 7‘4%* F(ocal)] EA Ag)F 49 Yo &A= =2
F x= olzae) AdY x|, A, A7L AE(E Z,) AHE A3t LDMA A9} An] 2, Qe o]
229 Al 7HA] AA 2 FAE =, LDMAAE 20530l fXshs A, S A, Baa}, EA0|E, At
T2 FAL UK 59 A AAl dig g w @AFJEL AR} AR, F8 ARE HEA 285k 9lo]
ok 3t} LDMA] H] = LDM2 o] &3t 9|5 o} =] A o] A(TS station application)2] 5=, A, 23 7%
Zheth o E , AeFAe] A2 Ao} ZEO] LDMS ©] 48 H$ LDMARIAE o] &M 5
A s of ’6}1, TEO AFAHOE HAS AF ALKH LR tolHE FA e 23T 5 itk A
2, LDMYH3H o] 2~= LDMAA Hlo|E1e] F7}, 74, A4 #uk of 2} LDMA H| 229} 9] 5 of Z2]# o
el BAl V1S AFeH, 9REREY B EHAR HIS Addste Het VeS Zteth old
1S 71202 <Fig 3>9 7o] ALDM(Vehicle LDM, V-LDM)2] F%Z A A 313t}

S
=
S

e L= 1<%

N

| Vehicle LDM (V-LDM)

Data Storage

L2, 3, 4 e
—————> WAVE Data Manager — "
> P b
LDM Library I . Update
Work Manager T e L2
. DM Protocol _,—> "l Layer2
V-LDM <« ] —
Data L 3
Interface L ayer )
—Localization Map Matching Module <— > Layerd
Authentication, V-LDM Security &
Management Interface V-LDM Watch Dog
(Fig. 3> Vehicle LDM Structure
ZAHFLDME QIE| ¥ 0] 2(V-LDM Data Interface) S F3f 9|59} 2E FA1S =331t} AE|LDMO.ZH-E

WAVE/LTE 5418 53 4419 dlo]El= WAVE Ho|8 & AHData Manager)% A LDM &g #E A
(Work Managen)©ll 251 39 2H& AX i A4=m, oju] A4 Layerlol EAd= A
AR =ole] vl HR7F AAHET Holol1 20 AREE R YUAE} denpaer 2 HH A
HEA, 7 dolg A7]9] Wgo = s FAES 5 48 e AN Al vlE ZAVE DA £ 7] o
ol g AR il NS Z A SIEF 3l WA #olol2 W& T E=EFAHWork zone)o}
2ol FAZ WAHE A Holol3, 4 ARE TS s OP"ﬂlﬂr T3 QIEFH o] 2~E 53 &
E 5418 VIDM Security REZHE AFS LTS = He 21]74] =319

AHFLDMO] 718 838 7 Ak d X E VEoE W %21 2| & (Dynamic Map) FRE X}
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o

212 RAFTSOR=FT M167, Me=(2017H 128)



ol

EES

o

o

st SHATHE A

o
=2
e
%
re
-

r

Ao RE A=
Asta, FAE 93
Module). 181 & 9
25 Sl AF Ao

Aoltk. ol2 918 ABHo| 25 Bl GPSS} 2-& 29| RERRE A A &
olgate] AUAAAE AolH Al R IAE BUATHMap Matching
18 71ZoE AW FHAS HB WAX ()5 DMEEZEDHE JHT F Aol

=9 84 Y FRrE Qg A AAQ] Watch Dogs 57}
3}t Watch Doge A%t ' 9 SHE A A 2 A " REY AVlE 2 2 A

o
e e e

AFE WAl A Z8H e AAAEE E2 FEdA =28 Fdske Wi, 49
= z2 5=

A
GEo E2E RUWT oF Sol, Y 4N E2E RAY 4% AFE WAINE AAAEE
& 7o) Adine) 1 SH@AD)OE FPBT AT FUVAAAEE £2o] FHNS WFIAN, BE 3
2O FAM, ANEZAAN Tt 1 SHAENE O TFT,

ALUAAA N M= B2 A2E FE37] 8 B2 FAMES UYehe H3E5 =23 F(Raod
Link), 222 FAX4E& X}ZF F(Lane Link)Z A3t} o]2d TR AUAAANT Ad A EZ(SO,
2016)00 4 A BHAE Xt 53] =2 Ao} A, 84 & FANGOE, AEFAAAIY 25
SHNE SR she AR R WHEC 3 ThKim et al., 2017).

AYAAANE= 229 FAAY A HRE 25 2Fs17] Wil F 7HA BRE 2FE4(Lane Line)©]
ghe MdeR gt &, A2 B2 EAlste Be AR FAAT A, B2 ] AAMES
X3t Adolth FUFOE AR AAHE A2HE A2 Ao WA e o TAsE AR
(Lane Node)E ©]-&ste] 11 A4 HAE Aofsin, A& &4 WAL A £5 WA, A= + ¥A, A2F

W7 5ol Qe 4§ AR 1eln A2das Ul B= vl A4 ARE 2, Yixosy
G PP HE M PRE G ASS A2 ASE AYHOE §5 M T P ek
=2gar o] Azdaz F4E7) B A2Pas A0S TP =2 JuE gt

A2 IE LN AABAE ZEE AASNH. ol =24 U ARE AZHE
ol Z7] F71 ¥ 1o BE &% ATE A s el A =2 W3, § ,
B 59 52 AHe B2 Y30 & AT AR, =¥ XA, FE, FAF 5 2ol A=
A28 30l A%Hh

AUAAAEE <Fig. 4>04 B = Q50] T2 F(Road Link), X2 % Z(Lane Link)9} B E0] 2}2A 9|
A% HRE ZH= ¥/ (Sahpe Point) H|o]E C e B2 a3 2 s dest
2283 dolg HI=E 2y, Z47e A2PIE NE PSS FRE F1 e 4 dIsgy o
£zt BEE REPHOT T4 Y HARE e FA4F gzt 11 92 #AE 7
o} FA4H ol ZHPUS EPAoR wxsty E2P I 283 AT AAH H (offset) S
tlolE] Aol E&42 AMEF HlolE el wWE HIE Y3 HHo|H, o= HENT x4 ¥
E-8242l forward star representationS -3-83%F 7 ©|TH(Ahuja et al., 1993).

12, FUdAs g8 =24 g8 FEARA AN ALAAATE FEhe] AFsta Jou, A
tolE7} Ag] AR w3S 3 59U Z M shapefile FEHZ Hol 7] wl&ol| g oJZe Aol A7
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Lol ME £55 WaE s Aol AP Ltk whep B AL Ag o FelAloldel H7
S8 ARAAXE HolBE TEe7] 95l <Fig 4> 2 vholu 2 binary) Y TEE AAHAL, A
34 A FEARAIY HolHE AL fAdrdos Wl ALadn)

Lane Link ." Shape Points

! I I
‘. Data Frame [ ‘. DataFrame [ ‘. Data Frame

Road Link Record #1

Lane Link Record #1

Shape Points Set #1

Road Link Record #2

Lane Link Record #2

Shape Points Set #i

Road Link Record #N

Lane Link Record #M

Shape Points Set #]

»  Shape Points Set #p

Shape Points Set #L

(Fig. 4> High-precision Digital Map Structure

3. SHEE HZ HAIX] (DMEZZEE)

ADASIS v2& 2 2] E2 U EY IS ADAS Horizon &2 AA3, 7]8t+2E L3ethes T2 FH
(7(4X4Z4E)9]. rE 2 ’\J‘Oﬂ/ﬂ %/ﬁo]——‘: o]m 1 E 74E E 1:11 7])\]- AR E__/] ;<04 BRE Uﬂ/\lx]i ;i]-/Ho].
o] ZI}h(broadcasting)sh= WH-E 7 2] gHTh(Ress, 2008). :’.Ei\/} ADASIS v2i= WRrIA 0]dZ} ADAS +3¢]
ol ¥FE T wEo] AEFHA 78t AE FFE HolHE AFstAE Xtk ol B AT
A& ADASIS v29] 718 /dS 7Hte g olE AE FEY FUHAAALEE F8T F U=EF dHT
DM(Dynamic Map) ZE2EZS A9kl 1 7|8 T2 A7 WL Akt

DMIEEZ2 apd Ao 474 #3te] =2 YEAE A< M= o], AEAAA=of T1of] vl
BE 4F T4 ZRE AFste vIAA Aot <Fig. 55014 & & %ol MIAAIE 91X (Position) ¢} 78
27 B (Static Information), &2} E(Dynamic Information)Z T-&¥ T}

93 AR 2909 BAE ANBEEZRY S Ao AAs} Az, JHE Juo ABS Ao
2 B0 Aol Z0F A AARE] B4 A N33, 27ke] AN FHE AAg} 71 Ao
g2t} AFLDME ©leg FRE T #H BE] D (Broadcasting) F o EH TS A agt R
& AET 5 YES Bk

AARE WA= AUAAA T R Ads HH 02 ). AEFA M (Lane Center Line)? 2+ (Lane
Marking)®] 41 H39} A= el T FRE JNOR HY, @, BACIE, GAY, BFE FAL 5
ARE ALV A2 Lane Line) TEAYL A NS EDGW, A20) 2447 33 Aol 0l A

il
3
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HE 7‘iﬂ}. ol A=FAHAF 2] dE FH= A1 FH (Line Shape Point) Z23HU S F3f HLH
A 10" 18] wiAA7E jZloz A Eo] deent Azet O F3H S A2 Fojd 73
sto] I 98 BAE AT, oA ghe ol 8ste] A 3 =4 BAE oI
B AR B2 oA Bt 23S Even)t 71 AR AL FHOE s, SH4F
}L HSohE, B4 5o ARE, 71 ARe W, IAE B9, vk 5o ARE 29T
Miiiﬁoﬂf‘i stutel mA A= shte] Al tie BRE zhs W7 ZEdoR F4EH. dE =
of, #1A MAA= dA Ao Al I FH, F F=o} &, A=WE, AL o YRE Lt &t
o] zloz o mEd dEdny. = Ao Bdo] EAE - HE BHV} stue] SHE gles
oJF Egol AFET tAl TepAy, 913 ARt Bd HRIL Ao shue] dFlo R AFEHAE Be
o ol 9% Ev‘ér"ﬂ/‘i a3 RS AMAY T = =S §17] % Aoty 284 F& A oF
EgdlMe Eutls BEE F7I2 FAlsoR 8, oje & E&4 Astz o]ojA7] wEeltt.

L%"
ol

Fll‘

Position Profile Lane Line Profile Event Profile

Line Shape Pt. Profile Weather Profile

Tunnel/Bridge
Profile

Toll Profile

Merge/Diverge
Profile

Rest Area Profile

(Fig. 5> Dynamic Map (DM) Protocol Structure
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2 ZoAe AtE AFDMe HF BAs YA AFLDME A4 T FAS B3 739
LDMAAE AUAAA o S35l DMZEEZ HolEE A5t o] A&Fdate] A 9 Ao
Foll AFste 9&S Y3t ojnf AiEE= DMERES tlo|H 9 A7|& tido] He A

Zold wg} F7tslH o]& Alslr] $g Az =g FUheth wEkA AEHDMel M &E
T A AR i 71 Aol 4ol Fasty olF 93 4% #4418 FsAch

o7k 333 HSlE <Fig. 6>0l4 BHE uie} Zo] AR uL& TR0t} ‘omE EAE 7]F A |
A A7} KA 7143 & AW 150m, 250m, 500m, 750m, 1000mell thak 91x)2F A2 AR wWA|
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A5 AT o FAYsk= vlolE] Z7](Data Size)?t 485 = AlXH(Elapsed Time)e #5383 T DMEZEES
o] tlojH A7)E AW Y FHAAE HolE A7|e X AAA R w3 FAT F de FFol7] HE
o B AFqAE Y29} AHARTS H2E oz Agton RE AHe 747te] Aol thal 303 A
Astal I B o] gstdh E AUHAA R FEYRA|Z YoM AE ALAARATE 7|tz
HEAY S Tt AZsiAnh 22a A Ao AHEE AHHLDM =910l ARM Cortex A-9 QUAD
Z 2 A4, 2GB DDR3L SDRAM, 32G eMMCE T4 ™, &7 PCoA HES A A2 Fal A7t 753t
o A AF U 34 ZAG Y 34 FES s E, S99 2 Ao} BE 98-S FYsie
PCE XTLDM 3t=gojo] AAsa, PCAlA AFLDMOZE 91X HARE $413F A2} DMZZEE H|o]
HE FA% A o] Aolg SATOEZA 28 A AFT Holy 27]s 48 DMZIZEE

I}]]O]E]Q] 3_7]% 1%6}.0:] 7]%’5‘}-%1’;}“

(Table 1) Performance test result
Distance Data Size Elapsed Time
(m) (byte) (msec)
150 15,433 158.0
250 25,457 207.5
500 52,422 341.8
750 76,012 4459
(Fig. 6> Area of Interest for performance 1000 100,251 5825
test (source: Naver map)

2 2 Yehdth A Aot S74l wet dloly 3719 F7ht TRk,
Ay #AE Ztethe 28 3T 5 Aok A} diole 7] el A 3AE vebd AL oidT1te]
B 2 Ay, IAF0 £ IQICTAME T2 At dyd Ao
W 37} Bl 2BV BQ3ith AQAE dojE =]

2 it 3% A9 72 FUAAAET} 2HlH
B4 ST A% e g A WA@ATE

o} vpRIRA 2 A7) Frhskel wet Fvkshd, 39
99.9)% zH= Ao 7 Yyt

(Elapsed Time) = 99.95 X (Distance)+ 941.39 (1)

AE&Fd AE7heol ofshd Ak W $1A] vlolE7F Ha 10Hz(120 103)e] F712 AAE7] ol
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DMZEEZF A& 117 02% Yo gsEofof gt o3t =10& wHE3lr] Y34 & <Table 1>00141<}
2ol Ak A% A 250m7HA 9 vlo|EE AT SRS A2~'S AAse Aol A4 Z1o= Agdt) 3
2|8t LDM2 DMZE2EF 24 o]Qo|x= 2324157t 59 AHs THSERE A28l A4k 2h AH
& 1Este] tid 77 AolE FHCE AT F e AxEe AV 8% Ao s ddEh

v.d &

B ATdME SAAE Jre] a8 AFS 9fe AFLDME 27, LDME A3 AEAAA = A7,
THAE AR AEE A% viAA 4 A9, 293 FHAE AR AL Ve He A5 TS
STAREE S5 fdo] EEsA o] FoA L Y= LDMI ADASIS W8-S Farste] AFLDME AAISH
A, ADAAAE} FHAE AR WAA]9] 7] Fxol e ¥eke AT AT E e £4E
B3 A 9 AR AAH% A FEE AU 250mE A SHATE AT o] Fiel ojME o3
71€A Eort dag Aos Btk & AFolAE v A&7t o7l wet 1200 103] FE AFe T
Fote 24 ool A4 AE ?L AE AAsGou, AeFHe bYd 715E, 53 A B9
7158 F7HoR 39S fE FE3 Ao tisi= F7HQl dFo] Bavt g =3 A5 A=
el nEEE 7)1 d%ﬂ)oﬂ el Ast e ASE Aoy F5 A=dle 483 7 A
el e A&Fo T I I0C T3, 281 BEF A A AZFo] Basty, w3 Arust
Zo] & ATl nstA X FHAAEI}F FIHEUAS W TASE EAA N@ d7E s
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