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A Study on the Architecture Design of Road and
Facility Operation Management System for 3D Spatial
Data Processing*
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ABSTRACT

Autonomous driving—related technologies are developing step by step by applying the
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degree of driving. It is essential that operational management technology for roads
where autonomous vehicles move should also develop in line with autonomous driving
technology. However, in the case of road operation management, it is currently managed
using only two—dimensional information, showing limitations in the systematic operation
management of lane and facility information and maintenance. This study proposed a
plan to construct an operation management system architecture capable of 3D spatial
information—based operation management by designing a convergence database that can
process real—time big data with high—definition road map data. Through this study,
when using a high—definition road map based operation management system for lane and
facility maintenance in the future, it is possible to visualize and manage facilities, edit
and analyze data of multiple users, link various GIS S/W and efficiently process large

scale of real—time data.

KEYWORDS : HD-Map, Lane, Facilities, Architecture, Database, Management System
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TABLE 1. Research flow chart

The background and purpose of the study

Scope and method of research

v

Analysis of previous studies

v

Theoretical review

Precision Road Map Data and Database

v
Analysis of items subject to road and facility operation
management
v
Database analysis and selection
v
An efficient database for 3D data management
ORDB MongoDB
v

Architecture design
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TABLE 2. Object configuration by precision road map data

Classification Object Data Mogel -
IS0-22726 NGlI HERE NDS OLM Open Drive
Road Belt Line Line Line Line
Intersection Belt Point Point Point Point
Foad Netviork Lane Belt Line Line Line Line
Lane Boundary Line Line Line Line Line
Bridge Polygon - Line - True/False
Tunnel Polygon - Line True/False True/False
Pedestrian Overpass Polygon - - True/False -
Traffic Island Polygon - - - -
Viaduct Polygon - - - -
Kerb Line - - True/False -
Road Gutter Line - - True/False -
Structure Rest Area - Polygon - - -
Parking Lot - Polygon - - -
Service Area - Polygon - - -
Toll Gate Polygon - Point - -
Sound proofing Facility Line - - True/False -
Guard fence Line, Polygon Point Line - -
Wall Line - - True/False -
Traffic Light Point Point Point True/False True/False
Eye guidance - Point - - -
Cats Eye Point - - - -
Speed Bump Polygon Polygon - - -
Column Point Point - - -
Lights Point Point - - -
Road Facilty Anti—slidilng Device — Polygon - - -
Pier Point - - - -
Utility pole Point - - - -
Caution Sign Point Point - True/False -
Indication Sign Point Point - - -
Road Sign Point Point - - -
Restriction Sign Point Point - - -
Assistant Sign Point Point - - -
Road marking Indic.ati.on Mark . Point Point - - -
Restriction Mark  Point, Line, Polygon Polygon - True/False -
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TABLE 3. Object of road network data

No. Object Definition
Any area where people and vehicles can move, including carriageway, lanes, center lines,
1 Road !
shoulders, sidewalks, etc.
2 Carriageway The area of the road through which vehicles can move for the purpose of movement
3 Lane Group A set of llanes with the same direption wilthin a cgrriageway o
In the case of an intersection, a set of lanes entering the intersection from the same direction
4 Lane Single lane in which the vehicle travels
5 Intersection Area where two or more carriageways intersect
6 Lane Boundary Lane boundary composed of road markings on both sides of the lane or roadside structures
such as curbs
7 Connector A linear feature that separates the road, carriageway or end of a lane
8 Center Line A linear feature representing the centerline of a lane
9 Anchor Position A feature representing a road, carriageway or facility located inside or outside the lane
10 Urgent Evasion Area The area that indicates where the vehicle can avoid in an emergency
o g ogle 2849 9 - Bt Thssith o] AR FHjolm x, y FHAdelA 72

37?}% %oé e A"l AAE flske] DB
HOoF AAE A2 W AEES
oz QEQO}O% Network HE|Z 449 =29
A2} Non—Network ez TAE AEE
AAZ EFenh gAFeR 7|E B2 AR
A= 22k FEl= SR 2 Agellx=
AUER ALofA oFstE ool w3 3xkd
Pz ZEE Sl o= A= 9 A=

AT Yo EAlska, A= W AR 15
AAL = A= 30 E F557] uEe]]

AT I ) EEo| wyH L BAZE WA
o] 7] el Az 9 Aw 1FY A
H AR BRe sAdoR FEHaSI.
3 Wele TE WO Aegomy
Woje dolEl o] AE Ael W AY - weld

T ol AAZ B ol 44T 5 Y

TABLE 4. Object of structure and facility data

No.  Object Sub—Object Definition
1 Bridge Bridge that allows vehicles to cross obstacles or rivers
2 Tunnel Road drilled in the bottom of a mountain, sea, river, etc.
. Bridge that is crossed in the air so that people can safely cross it over a road or
3 Pedestrian Overpass railroad track
4 Traffic Island Zone set on the road to control the driving of vehicles or to protect pedestrians
5 Viaduct High bridge for transportation or tourism
Stone that serves as the boundary between the carriageway and the sidewalk or
6 Kerb X X .
between the carriageway and the planting strip
7 Road Gutter Object or road at the edge of a carriageway to allow water to drain
Structure Area of the highway where vehicles can temporarily park and there are some amenities
8 Rest Area .
for drivers
9 Parking Lot Place where a vehicle can be parked
10 Senvice Area Area near the road where drivers can stay and rest
" Toll Gate Place where tolls are charged when driving a vehicle
12 Sound proofing Facility ~Facility installed to prevent the sound of a moving vehicle from leaking out of the road
13 Guard fence Barbed wire or strugture placed on the edge of a roadw;ay fpr the purpose of leaving
the vehicle from the road or restoring the direction of travel.
14 Wall Long wall located at the edge of the driveway on the road
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TABLE 4. Continued

No.  Object Sub—0Object Definition
Device that instructs a passing vehicle or person to stop, detour, or proceed by

15 Traffic Light flashing red, green, yellow, and green arrows
1 Eye guidance Section in which a cylindrical facility is installed to indicate a boundary between the
lane and on the edge of the lane
17 Cats Eye Section with reflectors that reflect light to help drivers see better
18 Speed Bump Jaws installed on the road to forcibly lower the vehicle's running speed
19 Column Facility installed to support or support other structures from the bottom up
20 Lights [llumination installed along the roadside for traffic safety or aesthetics
21 Anti—sliding Device Facility installed along the lane for vehicle deceleration
Road - - - -
22 Facility Pier Equipment installed to support the bridge
23 Utility pole Facility installed to connect lines or communication lines
24 Caution Sign Facility installed to inform road users so that they can take necessary safety measures
25 Indication Sign Facility installed to inform the traffic method and classification of roads
% Road Sign Facility that displays road information so t.hat.road users can easily reach their desired
destination
07 Restriction Sign Facility that prohibits or regulates certain actilons againlst cars or pedestrians for the
purpose of traffic control;
o8 Assistant Sign Facility displaying insltruct.ionls rggarding the dgtel, time or street Qrea or safe speed,
excluding indication, road, restriction, or caution signs
29 Road Indication Mark Directional markings painted on the road surface
30  marking Restriction Mark Mark related to regulations expressed on the road surface

TABLE 5. Criteria for architecture planning

Criteria Content
Data processing method Support for real—time or batch processing
Expansion * Ease of use Ease of server expansion due to data growth
Service + Demand Simple save and edit, Real—time search, Web service, etc., required function
Processing analysis tool Statistical analysis, Tools that support data processing analysis
GIS s/w Software that helps users edit and modify data
System Construction cost S/W, H/W Consideration of purchase price and system development
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TABLE 6. Comparison of database functions

Classifi RDB ORDB
cation [Oracle] [Oracle] MongoDB Hadoop
Storage structure Relational Object relational Document File
Transaction Support Support Not support Not support
Data partitioning Support Support Support Support
Aauthority Support Support Not support Not support
Check Support Support Not support Support
Backup Support Support Not support Not support
Restore Support Support Not support Not support

Data processing and
analysis support tools

Oracle Spatial

Oracle Spatial

Spatial Hadoop
PIG
HIVE
HBase
Zookeeper
Sqoop
R
Esri—ArcGIS

Spatial query

+ Filter Operator
+ Relate Operator
+ Distance Operator
* Nearest Neighbor
Operator

+ Filter Operator
* Relate Operator
+ Distance Operator
* Nearest Neighbor
Operator

+ Nearest Neighbor Query
* Box Query

+ Center Query

* Range Query
+ K Nearest Neighbor
Query

Large data processing

+ MapReduce

* MapReduce

Data analysis

+ Spatial Analytic
+ GeoRaster

+ Spatial Analytic
+ GeoRaster

+ Correlation Analysis
o T—test
« ANOVA

* Regression Analysis

Web service * Spatial Web Services  + Spatial Web Services - -
ArcGIS ArcGIS
GeoMedia GeoMedia
QIS software link AutoCAD Quantum GIS  AutoCAD Quantum GIS ArcGIS _
software linkage Grass Grass Quantum GIS
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TABLE 7. Characteristics of ORDB

2) MongoDB®9] &%

MongoDBE 10gen AbollA 7t 5o A
S B9E 7 T Qi dlojE el an 1]
WA & dlolElH|o] A9 NoSQL HloJEjH]o]~
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A|o]¢=(JSON, Java Script Object Nation) &
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TABLE 8. Characteristic of MongoDB

Characteristic Content
Scheme—Free Free data model format
Replication Duplicate function

Auto—Sharding Automatic data partitioning

GridFS Save the file in binary format

MongoDB] Hjo]8] Fel2- Ho]e}E Document
el A8kl #elsh=  Document—Oriented
tolg] R, QBAES ZAARA Ro}
T FHE Bdstn AAE AAF oz A5
T ?\l‘“/} =, HlolElE AAsr] flate] 7]

ts tlojEjHlo] o4 d HeolEs 4
oJstAY X}E ol gta=o] Qe a7t girh

dHlolEl= BSON(Binary JSON)olg} &&=
A FEHE 2dEo] A%e] ww, RDBMSe
1] Rowell slld=m dloje] Z2-s F3l 7hA
ARl £S5 e dHolHE xd¥ + Utk
JSON format®] Key/Value HEf7t 7H=3stvhd
tekst 39 dHoleE A AT e

Characteristic

Content

User—defined functions and

Defining new functions for managing objects existing in the database.

types Any type of information defined by the user can be stored and retrieved in the database.

Composed object

Object composed of multiple objects to support a complex structure

Encapsulation

Using an object by invoking a program part, that is, a method of the object, without the user seeing
the inside of the object

Large object support

Define object concepts suitable for storing and managing multimedia data

Inheritance

Class is defined as an instance of one or more other classes
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FIGURE 2. Three—step module of LiDAR data processing
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