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ABSTRACT

For the safe operation of autonomous vehicles, the representative technology of the
4™ industrial revolution era, a combination of various technologies such as sensor
technology, software technology and car technology is required. An autonomous vehicle
1s a vehicle that recognizes current location and situation by using the various sensors,
and makes its own decisions without depending on the driver. Perfect recognition
technology is required for fully autonomous driving. Since the precise road maps provide
various road information including lanes, stop lines, traffic lights and crosswalks, it is
possible to minimize the cognitive errors that occur in autonomous vehicles by using the
precise road maps with location information of the road facilities. In this study, the
definition, necessity and technical trends of the precise road map have been analyzed,
and the HD (High Definition) map prototype based on the web GIS has been built in the
autonomous driving—specialized areas of Daegu Metropolitan City (Suseong Medical
District, about 24km), the Happy City of Sejong Special Self—Governing City (about 33km),
and the FMTC(Future Mobility Technical Center) PG(Proving Ground) of Seoul National
University Siheung Campus using the MMS (Mobile Mapping System) surveying results
given by the National Geographic Information Institute. In future research, the built—in
precise road map service will be installed in the autonomous vehicles and control
systems to verify the real—time locations and its location correction algorithm.

KEYWORDS: HD Map, Web GIS, Autonomous Driving, Precise Road Map
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TABLE 1.

Map types for automobiles (HMG Journal, 2019)

Navigation map

ADAS map

Precise map

Where to use *Used for navigation

* Implement ADAS functions

* Maps for self—driving cars

* Destination search

* Navigation based

* Accurate vehicle positioning

Pun o X . . .
urpose * Route navigation * Smart cruise control * Reinforcing autonomous driving safety
lassification . o . T : e
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. Includgd + Include destination information ']nclude road curvature and slope 'Includ.e information on lanes, traffic lights
information information and signs
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TABLE 2. Pros/Cons of Sensors(Korea Institute of Science and Technology
Information, 2017)

Types Advantages Disadvantages

* Unable to recognize shape

* Difficulty in recognizing the type of detection object

*In case of diffuse reflection, the accuracy of information

decreases

* Detect distance and speed directly
Radar  *Used in bad weather and at night
* Intermediate range recognition

* Sensitive to weather and color of objects
* Less durable and expensive
* Limited installation due to wide viewing angle

* Measure objects, obstacles, and positions using beams

LDAR * Observe blind spots that radar cannot see

* Limitations in technical applications due to the short
recognition distance

* External interference and performance degradation during
high—speed driving due to weather

* Unable to detect objects in all directions

Ultrasonic * Low price and constant propagation speed
wave  *Short wavelength, high directivity and straightness

* Simultaneous recognition of objects like the human eye * Unable to measure distance and speed with objects
Camera *Excellent object reading ability * Poor performance at night and in bad weather
* Recognition of lanes and signs on the road surface * Weak cognition around blind spots
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TABLE 3. MMS components(Lee et al., 2018)

* Measure the distance between the receiving point and the satellite, and estimate the location by intersecting the

GPS .
distance vector
IMU * Inertial measurement device that can acquire accurate location information even in shaded areas
LIDAR . Mountgd on the roof of the MMS vehicle, it emilts 1 miIIilon laser lights per second and measures the distance to
the object through electromagnetic waves that hit the object and return
DMI * Accurate mileage measurement by measuring the number of wheel revolutions
INS * A device that obtains acceleration through a gyroscope, integrates it to calculate velocity, and integrates velocity to

calculate moving distance. Unlike GPS, it is not affected by bad weather and climate.
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FIGURE 1. Process for generating the precise road maps, captured from a figure in
National Geographic Information Institute (2021)
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TABLE 4. Details of the server system

No Role 0S CPU Mem Storage Pre—Requisite
) * Apache Tomcat 9.0.41
1 Web server Mspm?gfkms) 10 i7—g;(;g@)c30£1%6hz 16GB 1.9TB * GeoServer 2.14.4
: *JDK 1.8.0_271-b09
MS Windows Server  Intel Xeon E3—1231 v3 .
2 DB server 2012 Standard(64bit) @3.40Ghz 64GB 2B PostgreSQL 10.15
3 Map server Mapbox Map Server
. MS Windows Intel Core .
4 Client PC 10Pro(64oit) 7-6700@8.40Ghz 16GB 218 Google Chrome
PC for security MS Windows Intel Core
5 fest 10Home(Bbit) i7-8656U@1.80Gh; (0B 518

I% 21§ 7S] A AR HIAEWE S
S st MEEE YeERSIT

NE2A 5 EHAEHE=E §] A8, DB A
, A= AR FA FdEUE 1 7Rk
AUERAL HAEHE 73S aid € A
HE AA8In T2 3 AE R 58 A
2at7] f18lA DB AME Hdskeleh sk 4
WA= MH|AE AlFeks & %S Mapbox
A% AWE A Thekst §1 gl 9
HAES z18st7] flaid HeMd 2184 PCE
TEHIUCE 19 3 FUEBRAE 75 AL
B0l H/W FA LT X 4= TAE A A
AEIO] A oot} @Al AHEFE Ajko)
k7)o A ke ooy wjio A&
&) gy oA Ao 2R dxsle] 83t
T 9l sl 7] wite] $AFo=
g ol AHETF] Fedt T2 AR} Al
AE RS FEXYRYAY A4 SHE F
M FUTEAE DBE 15T = Stk
F AEF 2= o] gaEw A4 x5k}
A Al2Ele] FUEZA RS HAAAA TR
o A5S W oot

N

!

s

oL

=z

2. TREEQ] A|AH 7§

7)E RS AU RA L A& Q3 v}
ot =2 AR, 2d AR, wEAEE JRE
E3 AR AU Z2 Al A 3 HIAE
oA F&B s=of ¥kl (Kim et al, 2017), &
ATtoflA 7fket Web GIS 718t AUE2A| %

>,

A £ QoA 3o 7hsdt AT
S o g sk B8 AH, A AR 9
AE ARE Ao dEE & %
s Fdsiolth AT Afgo] 17t
£ o]gshdA AAZECZ HD Map
FaA =2 SR JRel i HES Q4
sto] AHEFEo] Jhssles AAIRIGILE AR
2 J5AY9L g7-39A] ST 539
GO 8AT, oF 24km) 3 HAFEEAAA]
BEEA(CF 33kmE tYeR Skl HEIE
¥ FEAZPRY MMS 5% J3HES &8st
Aok shARE 2 ATl A e Akl A
T HAEE A7SlelA Algldrh v 7]
A=2 7= o] ofA ApEFeiAbRkel] # 4
S| Gkotr] AER 738 HAET} ofe
ook, wepa] o A= Web 7]HES]
AT AUAE LREER] ETS W8St
55 sty AS Ao A& W A &%
S Web Au|~ ez Algshr] Sdsid 7
52 Eclipse®} 1= JavaE ARSItk 4
UegAEe 2R3 e B2 - 24A
Hep mEAldE 9 weshy JRE 2R

He] SHP sd=2 45313l ¢ B 2t
A T kst tuto| e E-835h7] flste] Tl
W 37 #ER0 GeoJSON xWioz H3lsh
I, AT ZREER] W oA dolEe] &
£ 4 1= OpenDrive EW o7 Hgslo] A
2®HS F53IHOpenDrive, 2020). 19 4
© AT X9 Web Au|2 /g Aot
MMS %5 &8l 53 vy @ 4 olE

o!
il

>
[>

e~ U
1> o
>
s
It




110 A Study on Building the HD Map Prototype Based on Web GIS for the Generation of the Precise Road Maps

Convert Opendrive
Binary Type
computer

” file

MMS
Surveying Road and
Results R?:gil;:ry‘d Facility
Information Information
spatial
> information
file
SHP Type
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FIGURE 5. HD Map design(Siheung Campus)
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FIGURE 6. Continued
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TABLE 5. HD Map road information

type code name
HDUFID unique identification number
ROADNO road number
ROADNM road name
ROADCD road type
ROADTYPE road classification
SPEED speed limit
LENGTH road length
MIDST one—way traffic
line TOLLLINK with or without median
REGIONCTP road location_state
REGIONSIG road location_ city, district
REGIONEMD road location_eup, myeon, dong
REGIONLI road location_ree
SAFEZONE protected area
ROADSTATE with or without pavement
DATE last modified date
REMARK remark
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TABLE 6. HD Map lane information

TABLE 8. HD Map traffic information

type code name type code name
HDUFID unique identification number HDUFID unique identification number
Lﬁg‘;@%p unique centerblme number NODEID guidance information type
group by car . : :
LANENO ane number NOTETYPE udance nformaton
LNLENGTH lane length point »
STOPCD stop line type ? posﬁfon);
line SIGNCD color lane type pos! ,'O.n-
EXLANE only lane classification DATE last modified date
BLSTYLE bus only lane classification REMARK remark
BLTIME bus lane time
FROMNODE point—in—time node ID - -
ARE BAF] = Z] X
TONODE endpoint node D MMS o} ARs w4l == dH, A
DATE last modified date AR AEAE ARE A& Yof wjFsly 2 =
REMARK remark

TABLE 7. HD Map transportation facility

information
type code name
HDUFID unique identification number
TYPE facility type
CODE facility classification
point X position_X
Y position_Y
DATE last modified date
REMARK remark
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AEE E, wEeh] dRe ERe] uiRsl
Qo AXA Rt 2Z A0 Ao] R
T3t MMS 5% ¥ dloly 9 ol&
GIS §9x=2 13 (QGISS Fdl 7H¥std 4
UERAER 5ok AlF A9 39S I9
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FIGURE 7. HD Map interface usign the MMS surveying results
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FIGURE 8. HD Map prototype based on web GIS
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