Lournol of the Korean Association of Geographic Information Studies, 27(1) 2024, pp.29-40  ISSN 1226-9719(Print
fips:/ /doiong/ 1011108 kagis. 202427 1029 133N 2987.6952(Onlinel

FUERAE B A2

A Study on Automated Input of Attribute for Referenced
Objects 1n Spatial Relationships of HD Map

Dong—Gi SUNG!-Seung—Hyun MIN?*-Yun—Soo CHOI*-Jong—Min OH*

Q ok
2

A2 43} QY WY F Shbel AEFY A)o] WAsT YT o gEA 2
A AL s E A 7 e TR #AE Rolx glel, o]2 mekshy] $ls) 4w
ASE AT B Ama 3 o, 37 U R

?ﬂxﬂ ??EX]FJ@ %—% Z %—’Fﬁgi}iﬂ ngo] %—% AOZ diEE FEE T d !
TOLRE oz gy % FolH, 7] 758 73 T =23 s 290 4l&74al
AAE vHAsty, FAHATS

olof B A= FEXYYRAAN TF o AUEEXE] /‘J'i.t, gt g ALS $
EA 23 3NN FRAA ] FIAE BASHL, 9F s V)N PyQGISA o] B g

g3t FxHATE s JFRAA Y £499 AEs ”“ﬁ%% Agste], 1EFTE - A
== - C—ITS(Cooperative Intelligent Transport Systems)2AZ77F 5 T2 EHE tAkH
AAste] AbEsE AAISHSITH

2 AgelA st S 5 E8cte] S FERAAC £S5 Asor s
o odAE ek2~522] Aol &g Eglom, HERAA £ AEst 43 1E55E 86.4%,
WA 79.7%, C—1TSS] 7% 82.4%, B+t 82.8%°] £449 & =E FHeS]

it r;e rulru 3-‘:'

e e

Zg0] : A, AUEAE B, SHE, AT, 9Eas

20233 11¥ 279 #<4 Received on November 27, 2023 / 20241 1€ 309 44 Revised on January 30,
2024 / 20243 19 31¥ AAIEE Accepted on January 31, 2024
1 TUARAANE] FIATY / Spatial Industry Promotion Institute, Researcher
2 AeA gt 7R g8y} HALEA / Department of Geoinformatics, University of Seoul, Doctor’s Course
3 A gupetnl AR FE I QS / Department of Geoinformatics, University of Seoul, Professor
4 FARARAGREY, A / Spatial Industry Promotion Institute, Chief
% Corresponding Author E—mail: sh.min@spacen.or.kr



30 A Study on Automated Input of Attribute for Referenced Objects in Spatial Relationships of HD Map

ABSTRACT

Recently, the technology of autonomous driving, one of the core of the fourth
industrial revolution, is developing, but sensor—based autonomous driving is showing
limitations, such as accidents in unexpected situations, To compensate for this, HD—map
1s being used as a core infrastructure for autonomous driving, and interest in the public
and private sectors is increasing, and various studies and technology developments are
being conducted to secure the latest and accuracy of HD—map.

Currently, NGII will be newly built in urban areas and major roads across the country,
including the metropolitan area, where self—driving cars are expected to run, and is
working to minimize data error rates through quality verification.

Therefore, this study analyzes the spatial relationship of reference objects in the
attribute structuring process for rapid and accurate renewal and production of HD—map
under construction by NGII, By applying the attribute input automation methodology of
the reference object in which spatial relations are established using the library of open
source—based PyQGIS, target sites were selected for each road type, such as
high—speed national highways, general national highways, and C—ITS demonstration
sections.

Using the attribute automation tool developed in this study, it took about 2 to 5
minutes for each target location to automatically input the attributes of the spatial
relationship reference object, As a result of automation of attribute input for reference
objects, attribute input accuracy of 86.4% for high—speed national highways, 79.7% for
general national highways, 82.4% for C—ITS, and 82.8% on average were secured.

Key words © autonomous driving, HD map, spatial relationships, attribute input, automation,
open source
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TABLE 1. Analysis of reference objects of HD Map's layer
Base Layer Field Reference Layers
From Node ID
To Node ID A1_NODE
R_Link ID
A2_LINK LLink ID A2_LINK
Section ID A3_DRIVEWAY SECTION
Section ID A4_SUBSIDIARY SECTION
A5_PARKINGLOT Section ID A4_SUBSIDIARY SECTION
Link ID A2_LINK
B1_SAFETYSIGN Post ID C6_POSTPOINT
B2_SURFACE LINEMARK Rink ID A2_LINK
- L_Link ID
B3_SURFACE MARK Link ID A2_LINK
Link ID A2_LINK
C1_TRAFFIC LIGHT Post ID C6_POSTPOINT
C2_KILOPOST Link ID A2_LINK
C3_VEHICLE PROTECTION SAFETY Ref_ID C3_VEHICLE PROTECTION SAFETY
C4_SPEEDBUMP Link ID A2_LINK
C5_HEIGHT BARRIER Link ID A2_LINK
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FIGURE 1.

Example of spatial relationship
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TABLE 2. Attribute information input automation analysis of HD Map's layer
Base Layer Field Spatial Relationship Layers
From Node ID
To Node ID Touches A1_NODE
R_Link ID
A2_LINK LLink D Cross Product A2_LINK
Section ID Within A3_DRIVEWAY SECTION
Section ID A4_SUBSIDIARY SECTION
A5_PARKINGLOT Section ID Within A4_SUBSIDIARY SECTION
B2_SURFACELINEMARK R_L.mk D Cross Product A2_LINK
L_Link 1D
B3_SURFACEMARK Link ID Crosses A2_LINK
C4_SPEEDBUMP Link ID Crosses A2_LINK
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Interior

Interior

dim[I(a)NI(B)] = 2
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FIGURE 3. lllustration of DE—9IM
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TABLE 3. Spatial relationship analysis operator
Spatial Relationship Details
ToghEt.Bl Analyzing the geometry relationship that indicates whether two spatial objects touch or
meet at the boundary
(@anb=a) AN+ o)
First, an analysis of whether some of the boundaries of a come into contact with the
boundaries of b
Toushes Second, the interior points of a are included in the boundary of b
Within(a,b) . ) ) ) )
Analyze geometry relationships where geographic areas (points or lines) are fully
embedded inside other geographic areas (polygons)
aNb=a
@ First, the interior of a is an analysis of whether all points are included in the interior of b

Within

Second, Boundary of a. Analysis of whether all points are included on the boundary or
outside of b

Crosses(a,b)

>

Analysis of relationships in which two or more geographic areas overlap each other in a
spatial data set, with some but not all internal points in common
dim(a) * dim(p) A dim(any) = 1
First, the boundary of a is cross—related with b
Second, the interior point of a is included in b
Third, the external point of a intersects with b

Crosses
g Q
Cross Product
% Direction
Cross Product | EX ;{|
Direction
axb
i b It is mainly used in three—dimensional space and is calculated using two vector (x, y, 2)
e coordinate values as above
bxa A a=ua,yl, 21 /b=12 2 2
—-axb = (J1 22) (21 X 42
v = (1 x 22 - (2l % 2

Cross Product

v = (et x 2 = (il kx at)

First, the external case is defined according to the law of the right hand, and determines
the direction of rotation of the two input vectors and detects the direction of the virtual
vector in the vertical direction
Second, by closing your hand from vector a to vector b, the direction in which the
thumb points becomes outward, and if vector a is on the side relative to vector b, the
thumb points in the sky and + values are derived. If it is on the right, it points in the
ground direction - values are derived
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touches(self, geometry: QgsGeometry) — bool
Test for if geometry touch another (uses GEQS)
New in version 1.5.
Parameters
geometry (QgsGeometry) -
Return type

boal

ersection(al_geom)
ect_geom.get()

e ficldNamelndes(' FromNodelD')
hangeAttributeValue(a?_ featura_id
a2_ticld idsw, al_id)
int

ure. fieldNamelndex(' ToNodelD')
ngeAttributeValus(a2_feature_id
a2_field_idx. al_id)

a2_layer.commitChanges()

FIGURE 4. Algorithms of QgsGeometry touches

FIGURE 5. Touches code for QGIS
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TABLE 4. Automation input results by road type

Express General
Layer Field Reference Layer P National C-ITS
way
Road
From Node ID o o o
To Node ID A1_NODE 100% 81% 79%
R_Link ID 0 0 .
A2_LINK LLink ID A2_LINK 61% 51% 58%
Section ID A3_DRIVEWAYSECTION 7% 67% 1%
Section 1D A4_SUBSIDIARYSECTION 86% - -
A5_PARKINGLOT Section ID A4_SUBSIDIARYSECTION 100% 100% 100%
B2_SURFACELINEMARK R_I_.mk b A2_LINK 67% 59% 63%
L_Link ID
B3_SURFACEMARK Link 1D A2_LINK 100% 100% 100%
C4_SPEEDBUMP Link 1D A2_LINK 100% 100% 100%
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