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ABSTRACT

In this study a novel dynamic lane-level location referencing method(LLRM) was developed. The
terminologies were defined and the prerequisites were suggested for the LLRM. Then, the logical and
physical data formats were proposed, followed by the development of encoding and decoding
algorithms. To conduct a performance test of the proposed method, two different high precision
digital maps were prepared as well as an evaluation tool. The test results demonstrated that the

Received 21 September 2018 proposed method works perfectly in terms of accuracy. The processing speed and the data size were
Revised 10 October 2018 found to be less efficient, but it is expected that the defect would be compensated soon enough due

L 22 (Rl 2D to the fast growing technology of ICT and computer hardwares.
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+ 4 km o]He HMEEE= Aol 39 AFS Hsl ] o] v2xX FA
% + Zlo] Za3ltk(Yang et al., 2017).

= oJHIES] X9 HH HEE wste 7]EE EL Zlo] ottt oln] 90t HH
o] ITS FA(F27], AH, =184 5) 8 AA AE(data)E w&ste WHEE X2 (Location
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RLRM), 18]ar Z}i FF0 XJQETE_— Zr= 9A S A2 FF X FZH(Lane-level Location
Referencmg Method, LLRM)®| g} F-27
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ojA ut A2t GAlof QU o]l B AFolME AR FE] AFES AT FAl WEA =2 AME
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AAZZRH L o] FEME)D AAAEE 2= ITSFA| 3t 912 ARE wdhste= IR o=Z Yot Sle =
AY L7}, 71 77k H2ERS oY A7}, AFTE A 3= ojudte}t 22 A&l e TFx3kE
(structured) TS A Z3F= WY otk A EF(ISO0, 2015a) A= 92 7 Z(Location reference) = =
2 A g fek AEAR Aojetm, 7 7EA] A o] YAzl thef 71Eska ok A WA HES
232 9] 2] % Z(pre-coded location references)©] 1!, T A W2 54 2] 2= (dynamic location references)©]

7(']%4_?,];2]7‘0—111 tuH DBS E.f)—H %5{] 7(']_?,]_% _]‘37_33:]_—5‘]_,‘: tﬂ-/\] Oi ];Hu-XJ o] Ho]-lg oz= .T.{-'/]]%Eq_‘/] =S
ITS==d 39 YE9] VICS, 8¢ ALERT-C5°] JTHISO, 2015b). o]t WA BF E2ns gI=2

1) 5938 AAAEE z2t= TS 74 e g3/wE IDE o] galA zhdalA AR wdle] 7bsslr] wjite
Ao Az o] deskA ¢
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3l A G0 1f AEAE FoF uj7) DBE o]&3le] 72 Ha B ARE w3 o= A

= dolEe Z7|7F 2o vwd ] 91X FRE AT 4 Je wH, vzl DB g 732l
{FEE A vl go] v 23, = FA7F 25 HAl9] vzl DBE EAg A5
Rt AR who] 7hed S Zte

SAAANRZE AR ARE AW 29 A & (scheme)ol] @} 1Y (encoding)dte] A E
£ $218 IS FAldlA TA] Y29 (decoding)3te] AAA Tl XS 3|4 (translate) 5= 1
ol W o 2= AGORA-CSF OpenLR©] 1THISO, 2015¢; IS0, 2017). ol A& X =00 4

Ja3ty] Wil oo A E Feo gt A7k vlgo] B g3ty vy DBE %

ol AE mgo] 7hsdt AHe Zheth AR 914 ARE A 29 AYdl we) Q159
7] Wl AHAXZ ol vlE) o &e] Ea, T3 AFHE dolHe Ar|= FUHeh

ol A= 19840l nF FH ARE AFT & U= TMC(Traffic Message Channel)S 78315 2L} H
olE] H71¢] AR sl Mulx FGo] Ao AL o2 d FAE dA37] $ls] SOCRATES 2 projectS
Edll ¥3 IDE o] & AAAAFZTE S MLstA oy o]F AAAT 718 FR wEho] ofH & FAR
QI3 thed o2 853 X o|F ITS Europed] AXIZZE 3o = ILOCH &4 ILOCO|g+ &
A2 H2aS AE 2 NEE I tHDuckeck er al., 1998; Pandazis, 1999). ILOC¥ 24 ILOCLS of| 2] €0
20% S=0l%17] WEol o]E /|435}7] 98] AGORA projectE 533133, AGORASH AGORA-CE FHF3Z 2
Z pdsid=d], o] HHY of#&e 2% "Wl Ao 2 UEGTH(Wevers and Hendrks, 2006; Schneebauer
and Wartenberg, 2007; Hiestermann, 2008). ©] % AGORA-CE= ISO ZA|EFo 2 A A FH 1.2 4(ISO, 2015¢) &
FE5ol7] WEel FHAH 52 AHE Aol 2ol vl go] aTHH

%] Vonderohe et al(1997)2 w|=9] FuF=(State Dept. of Transportation)®lA] GIS(Geographic
Information Systems)E &gl wjg} ZE A7} ¥ FZ(linearly referenced)?® Z 27} JtheE HE AHF
3h, 1ol g AWkA Al o] 2 #(generic data model)S A QFFA T =3 Koncz and Adams(2002) 3
24 FZrel Az 2FA7HA] 2183 GIS-T(GIS for Transportation) & YA F2E 3 thald 1% Holg =
P& AMSHATE Scarponcini(2002)E EE Ex I Zo] AEFE Zte AAC i HE FE(linear
referencing) & $13 YWalE =& A9} 1, Hendriks and Wevers(2007)2 ITS Al2=ElolA A HZE 9
gk A 9] 378 abstraction) FA A AT = Q= BAL I G dis) 71<stdoh

o]} o] AP FAE TS nHAEH, 712 YHEL BT EE £F9 $A AR
£ udst= Zo)7] "ol AEHHFHY CITSHA 273 A2 72 A JRE wds|rlol= 3
AZE Qok ek B Al A s oldt EAE s A% AR 7 FHAAFZUHE Es
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A Fol 2T AF A= 7 MY He ddshe JAoR FEE AY AAloltk WY X &= Al
7N ool Ay AE AR ke AAE .
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e AA 22 Ao YXN2RE & oA Yo EATS 7P} “Garbage in, Garbage out”3} 7o
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2. =2|¥/E2ld HIo|e| =% (Logical and Physical Data Format)

22 77 AAFZEHY =8 dolH XS <Fig. 1>94 & = J5%o| IA Al 7FA 82 (components)
2 FAHE, ol 7|& B X (Basic Data), A2 % B (Start Point Data), 12|31 724 “ ¥(Points Data)©|
o 7| E ARe EH/B AA el AA 7 AA7E Ak Y =2, 283 fAE 545] Al et
FxAe] RS ket AR ARe EETAA 7o AR Jxd o] Aget d24 s
a8 A2 ARe EESAA VIEoR 7 AN FxA Y A diE ARE zteth

718 GRANA A F8(Location Type)< & (point), A(line), H(polygon)2] Al 7FA 2 FEFTE HE 9|X
= U E, Al AR, £ B4 5 38 4 9k Y 94X E uE A, ARAE gy A
JH o] oMIES, €27 WE A= AL 7R & UEhith

O’ =2 (Target road)= 3T $1A AA(EES HIE)7} AT E2E YePAL ol 7|&d =2 %
o] YAFzPH9E 5o FE W encoding/decoding)©] 7HsEHt,

3) & AlAE= 38LAE 25cmE gt
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T+ AR ARE G A9 AlFe] He YA ARE AT

Lane-level Location
Referencing Method
Basic Data
*  Location Type
*  Targetroad
*  Reference point
?1
Start Point Data Lane Data
*  Lane Number
* Road Center Line 1
. ‘ *  Total Number of Lanes
. Distance . * Distance to Lane Center Line
Number of Points (opt) {opt)
*o..*
Points Data Lane Data
1 *  Lane Number
*  Road Center Line o *  Total Number of Lanes
Distance * Distance to Lane Center Line
(opt)

<Fig. 1> Logical data format of LLRM

4) OpenLR, ARORA-CT9 =2 T AXFEYH
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A2 7o SHANYE WY N

AR ARE EEFHA AL ABH AFE SHOE BTk ERFYM ALE S2FUNL /)E
o= FxAI AN 7] Aelg vidth FRPORVE SRFYMC] FAS WY u Y= S
o B2 AT B, PR Ao Ry S23A M By FAe B BT SA. 1Y E2F
AAe e 1 AZRH H BAAY ALE P 5 A Hu, oln) AdE AE 22344 A @
B wet ERgydel BAs STl by A% A2el A2FUUE H 18 ¢ Ak

AAH A4 optionald gtolh ﬂzﬂ gol AU A AR AF ARE BASRA ¢, A wE @
A AS FElE ekl Mol AR e e

A BRE WEA B 10 A ARE 00, A2 ARE AL WD, AL 4, AZFIUse

AR FARL A2 MEE ARHe] AXE A2 NES Juishe, F2 MEE T A2 WE
of WS we PolE g AuBTh F AZ i A AN Z2T) BASRE F A2 A5
YeRdt 22344 72] A= optionaldt #HO.2, F 7HA FHIE etk A2 FAAT] Agls AA
AL QNG A2 FAA e AVAYF vk AAL FE A2 o 2ASA %E AT, 3
R £5 A, A ofd £207 ol TAL B ALE A A PHE A2E daT
ojw] AA7} AZFAMNE 7|FOE Aol 2T A5 59 FE, vpEFo| EAT A &Y %S e
o FaE %4 WEES FPLEL ABOE A7t B33 AL or|UT
=84 dlole UL =84 HolH XS 2R AA 78 A o|gA dlolE F2E AAFoF st
Ao gk tjekS A A ATl A= Protocol Buffers)E ©]-83l 4 <Fig. 2>9} 20| gﬂ]@ Ho|E] =
N AABHAT
syntax = “proto2”;
message LaneLDM {
enum ObjectType {
POINT = 0,
POLYLINE
POLYGON
}
message Lanelnfo {
required int32 lane_no = 1;
required int32 total_lane2 = 2;
optional sint32 dist_from_lane_centerl = 3;

ol\ 32 it o A_

oo
e

L
2,

}
optional ObjectType obj_type = 1 [default = POINT];
required int32 target_road_id = 2;
required int32 reference_point_id = 3;
required int32 dist_al = 4;
optional int32 point_count = 5 [default = 1];
required Lanelnfo li_pl =
repeated int32 dist_a = 7;
repeated Lanelnfo li_p = §;
}

<Fig. 2> Physical data format using Protocol Buffers

5) Protocol Buffersi= F=(google)oll A Adket dlo]g] 2 sK(Serialization) ZR215H0|t}, oj&g|Alo|d 22
aFe A AEet dolEE Ha wEA ASFY FdZ ALY e UEYT 218 9% doly ~E
Yo 2 WMA(encoding)dte 715E ATt B2 A4 dd T FAHE dojE 2EHS &4 (decoding)
sl 71 A AlFsi.
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3. 213E!(Encoding) 2} CIZE (Decoding) L12|E JHL

AAFEPHAA FUAE Bg A AR uol £4 FRE Frksel 97 Jue] JFEE ¥
oh LLRM WP e AiSighe 2 323 =23t A, A234use] e Fo 4ug o
§atol A2 £Ee) ANE F2T 5 Atk ANFEPPL olF YR oWl FohhI B w34
sheAol meh 1 Eaol A4S, ofn) JBE O I AYH: AU 4UL A=Y Y
Folgha @tk 12l A=gs

HolHE sj4ste] JRE FE38taL o]& L&A FaA3 A AuE 3

o

= X
ol A4le U=y dmelZoleta Gk TI o] B WA AFY A% 1Y duelFole ¥
e eI
Db1
b2
< D7
Dal
APE2 APE3 APEL APE
Road Center Linepp ’ ’ ’ ’
First Lane Center Linepp — —— — — — — 4 — — — —— e
Lane Marking> . Po -
Second Lane Center Linepp — — — —DEQSD —————————————————————————
{ o
Third Lane Center Linepp — — — — — — — — — e :FP};'_ ————————————————————————
Driving Direction .z‘
Reference Point #k
<Fig. 3> Concept of encoding and decoding algorithm
9 dugFe Mde <F1g 3>3 2th 3709 A, P, P2, P32 TAE A Y(area) ©|HMES FY3}7] 9
] EEFAA(EE 1212 FA)F] A, FEFHe A, A=FAARY AdE &&st] AE Aol
g Al fAE A é§ 714 Fad e AoA A= FxRA YsiARt AlFEHI & A
So] 9% BF JrhEel fixeks Zolth whebd 2o A9 FHs 4 welsl HE ofm
A= FoatA F=d & 9,171] %EP
|

@ AA MM 747}

F2HRPY S e ojd F2e B2 FYPYFo R UZo| AXG F2HE ¢
Aoz g}
@ ﬂ‘ﬂl% T A T F2AH P ke e A WA Jom AR (<Fig. 3>9 A P1)
A AR e AL UHA Heo| #A4E /li A 7gete We] A AL4ES FA FHE
&3] Y ok gt
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Az $Eel SH9

A&

A

gy ofe

R WA H3t ol5 Tdshe ARLMHY ARFAA Tl 7P 7S ARDMHE ARt

A WA FoRRH E2FAM FAS UY 419 AP S Feth

szm(RP#k)o;u B T2ZAM 448 Ug 4419 uEL(APR)% =},

AP*F AP 7] AT DPHZ AL

g& Aed daid= A HA A3 5L AHO-O)F Tl =2FAA 71 AgE AL
o, oluli= APRo] obd AP® 3o AZ(D)E A4tttk

<Fig. 2>°ll Aojd &2]4 doly xEHd we} S A Agch

@@@@@

©

A Zo) A e T2 (decoding) S TR 2 Ao weh S

4

}1_1‘
PN

A Wy e Barh e e
P& ol A AP & et
A2 ZA M| Fale) v Y 3 A2 2T A D)

HRPMOZRE Z2FAM| A
ZE5AX A0S Z2FAA A
AP ZRE] A2 5L & T3
olgalA R WA Mol YxE Fenh

@ vk R APY, DY, L, DT E ol&dlA T2 HES YXNE e

© o e

Mo o | d

B AdAE oA AEE AR FE AAZEZTHALLRM G d5S A5 F 1Y AR OE AR
ALUAAAEE Zte Tuto] 2 bl ARE wdste AUeE 7HAsa, %\"‘Jx}oﬂ/ﬂ E‘fﬂ 7%45‘4] AX A
E FAAAA drehg HEetA sdsteAE At A 2S5 IR
S 2% =" (Simple Coordinate Method, SCM)#-2] Rl E %3] 433t} LLRM A5 —@7}-‘3— f]?} 5L
Yang and Jeon(2018)0ll 4 7NLqt ZH YA 7|wke] AZES o] ZE IS o] 83T

1. SUEAAE 75 ¥ Hln

s ASS Sl AYHAAAEE F ANEE FHedth 3 HA AYHAA =+ LDM(Local Dynamic
Map; Yang et al., 2017) 7d-& 93] A2 Aola, 7 HA AUAAA = & AFE S8 HEE 753
JUAAA 2ot} A o] Helg 98 HAE AZAMap A), $AE AEBMap B)gtx gt i 71k
BHIAEEZ(AEEA N EXAIZIOS d 5 1EEZRIZIC~-THIC) oIt

AZASL AEBe] WS vwslr] A3 F Mo AEE FH(overlay)3tH 1, 1 ZI= <Fig. 4>} 2t
AAH AP S vlwstd 7 Ao A=7t 59 2AYH Btk A A S Sojstd 1 Aae gl
T} <Fig. 4>9] Adoe aRIC~-ERIIC 77Hs o F 719 28-S RS gled, 3 U o 13
(Zoom 1) A3 F /4] A= AFel| zpo]7}k glof Bk STk o] & & ¥ o st Zoom 29 2
o] 7 7 A AZFAMT AF bl Aol7t Y5E & F AUnk F N A=Y AZFAA 3T Aol tiE
25~35cm TFEO 2, ADAAAEY Y| 247} 25em vWY S v W) S8 By sHsd 2] &
T AUtk
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Map A (Sender)
% Seoul Tollgate Zoom 1 Zoom 2 Map B (Receiver)
Zoom In I’
-
[
Masung IC
Shingal JC - )‘ Zoom In
Deokpyeong
Rest Area

Yongin IC

i Deokpyeong
Yangji IC I Hobeop

<Fig. 4> The overlaid map of Map A and Map B

$4 & Hulol2= ARAE, F4l & Hulol2s AEBE Zhe Ao® 7};(3'3}%1’4' FAAT B2 A
JlFgst] FAA Al By, A FAIE HolHE HAadst A
g % A4 " (Simple Coordinate Method; SCM)2. 2 AW & w33}
A2 FF AXFE PHLLRM)S ©]&3 WHOE £33 ARE vuste 45S HASATh

J83 #F2FLe 1520 X" AYEE &tk

A Al 7HA SHAA ASsiged, A iAe AEE, T HAs &8 AR O8] 3 ek g do]H
Z7loltt, ASEE AEANA Y AA $1X 9} TP of xEBow stobal 91 kel Hol, & HE WE
of A2 FAMOZRE ] Agem)e] FHololth 48 AR ARY Az AZEE U=y $E AL
9] AIZE Zolo(TE: msec), HlolEH Z7]& AEEH< HolH9 271 Z}Ol(ﬂﬂ byte) ] T}
<Table 1> Performance test restuls (Accuracy)

Classification LLRM SCM
Success 100 81
Fail 0 19
Total 100 100

10071¢] 9] o|HENY gt 4% HF A= <Table 1>3 2tk 1007]2] o]Hl % LLRM %oz ¢l
QM EES 2 25 A3 X E zho}l 100% F3ES EAsHA I, SCM2] 5 817119] o[l Eq o

6) SCME 91X ALZIE 74 e ARFHNS Pt AE Ang/rag Ao s
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<Table 2> Performance test results (Encoding/decoding time in msec)

LLRM
Type - - SCM
Encoding Decoding Total
Mean 38.400 27.920 66.320 59.430
Std. Dev. 0.078 0.065 0.100 0.069
Min. 0310 0.150 0.460 0.460
Max. 0.470 0.320 0.790 0.780
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