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Design of an Information System Prototype for Generating
and Linking Ultra-precision Digital Maps of Construction Sites
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{Abstract)

By nature, smart construction technology is a convergence technology, therefore
aptly constructing and running an information system is needed in order to effectively
develop and maintain it. Thus, in this study, an information system prototype was
developed for the creation and linking of high precision digital maps at road
construction sites for the effective performance of the development of the Information
Collecting and Analyzing Techniques in the Construction Site (ICAT). For this, (1)
defined input/output (I/O) data of each technical detail of ICAT, (2) analyzed the data
flow, (3) proposed an information system prototype for high precision digital maps
development and connection. Based on the information system prototype constructed
in this study, it was inferred that each technique and its information for the Smart
Construction Technique Development Business was in a consistent flow. Developed
information system prototype would enable effective cooperation between subjects
directly involved in the technique development, by defining /O data in advance.
Moreover, it would be of value to practitioners for refining the output data from each
technique, thereby linking databases and forming Entity Relationship Diagram.

Keywords . Digital Map, Information System, Construction Site, Smart
Construction, Data Link
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Table 1. Detailed list of Information Collecting and Analyzing Techniques (ICAT)

Configuration
technology Core technology Development technology
AA1|Ultra-precision digital map generation and utilization system
AA2|3D terrain-based construction site information linkage module
Geoinformatciio AA3|Lightened digital map generation technology
n integrate : : . . - o
AA| digital map |AA4 A.ut.omaUc generation efficiency and accuracy analysis of ultra-precision
. digital map
generation
technology AAS5|Precise integration of heterogeneous data
Uit AAG6|AT algorithm for terrain update
ra- ; " T
precision AA7|Object recognition t'e.ck'mology in digital m.ap '
N digital Swarm of un-|2B1[UAVs for data acquisition of the construction site
map manned aerial |AB2|An intelligent UAVs control system of the construction site
generation | AB|vehicles based|AB3 |Automatic docking and charging technology of UAVs
technology surveying | AB4|Terrain surveying technology using UAVs-mounted LIDAR
system AB5|LIDAR point cloud data-based 3D terrain information generation system
AC1|UGV hardware suitable for the construction site
Unmanned
ground ve- [ACZ|Data processing technology to respond to the construction environment
AC| hicles based [AC3|Automatic docking and charging technology of UGVs
surveying sys-|AC4|Integrated sensor system for digital map generation
tem AC5|Real-time location recognition and mapping technology of UGV
Big data in- |BAI Environment .mfor.matlon auto-collection and analysis technology of
. the construction site
tegration and - -
information |BAZ|Construction CPS generation technology
BA| management |BA3|Design and realization of digital map-based CPS
platform  |BA4(Big data-based construction site management platform
(t)f tkz.e Cor}t_ BA5|Construction CPS-based database design
straction site BAG|Automatic recognition of construction worker status
CPS-based BB1|Development of CPS-based construction site simulation technology
constructio CPS simu- |BB2 Simulation technology of construction site information-based obstacle
n site lat'onsi)a;led detection for the safety
M M e 1 ~De . . . . .
B ffzrrlzlldgz BB work planning|BB3 De\;]elo?ment of construction site simulation-based work planning
dy technology technology
an Development of linkage technology between CPS and construction site
mapping BB4
nol management platform
T
echnology BC1|Digital map-based construction site information mapping
BC2 Business supporting technology that combines sensing information,
Visualization simulation information, and digital map
and sharing BC3|Work plan and scenarios-based Construction site information visualization
BC| technology e ¢ visualizati
of the con- BC4|lightened of visualization data
struction site |BC5|XR-based construction management system for earthworks
BC6 Linkage technology between information sharing technology and
construction site management platform
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Fig. 1 Information flow of ICAT

TZE 5 9= Output HoJEE dAkSIALE £
gk o] /O dlo[elEe] of" 3e(ell, Point Cloud
Data, NoSQL or SQL DB $)& FAJglore A&
Aol Qofelgint. miAte R 7 VleEs S
T2 Outpute] F3F AaHgIA], 2F A
AIRIZAIE Asto], =% LAt dojguo]A

Holol BEY 4 YT st Pel.

TR

AHY CIXE

St B

[

5

S oM SR A
0

L=k
P 71 A4S it

A9l 874 8L /O dolEgE Aol ol
Aode ol Tt 2 yAE W A
g AAIE A% AEAAE AACH.

5.1 BEANA 7Y

ATolM BEAA:= &A= dlolg Ho]

Orl.n:

2o Eele] wYel, ZHHOR & 1k
A% 83, dofe 719 BES FAl RolE
4 ol e olgelelth o2 98, the Fig.
29} o), 71 7o) BES AMow HHFL
7 7149 1O Heold 38 diow mHslel
LBt
A
Data Input o L Output Data
|
: : 1
S C e

Fig. 2 Concept of information system in this study



KSAU(C

A8 Y2 24U R ™ AE L AAE [t HEAA Z2EEQ AA
Table 2. Definition of requirements and I/O for each Technique
D Description Input Output Type Data Remark
P P P P Completeness
AAL Ultra-precision thltal map digital map(raw) d_1g1tal map | pep complete
generation (integrated)
AA2 Linkage bereer'l digital map and §hg1tal DB NoSQL|  complete
construction site management map(integrated)
. .. . digital digital map
AA3| Lightened digital map generation map(lightened) (integrated) PCD complete
AA4 eff1c1eppy ar‘ld. accuracy of ul—. thnal algorithm B B
tra-precision digital map generation | map(integrated)
Terrain information integration of . digital map . .
AAS UAV and UGV digital map(raw) (refined) PCD | intermediate
. . digital digital map . .
AA6 Terrain update analysis map(refined) (refined) PCD |intermediate
AAT Remove tk.lev object from the d1g1tgl d1g1tgl AP | 5oy | intermediate
digital map map(refined) (refined)
AB1| Swarm of UAVs for data collection - dlgl(trz;IWr)nap PCD | intermediate
AB2| Control system for Swarm of UAVs - algorithm - -
Automatic docking and charging B . _ _
ABS station for the swarm of UAVs HW/algorithm
ABA LIDAR—baseq terrain information _ digital map PCD | intermediate
collecting technology (raw)
ABS LIDAR—based. terrain information _ digital map PCD | intermediate
generating technology (raw)
AC1 UGV for data collection - digital map PCD |intermediate
(raw)
AC2| Data processing of multiple sensors HW - -
Automatic docking and charging B . _ _
ACS station for the UGV HW/algorithm
AC4 LIDAR—baseq terrain information _ digital map PCD | intermediate
collecting technology (raw)
ACS LIDAR—based. terrain information _ digital map PCD | intermediate
generating technology (raw)
Collection of various construction environment
BAL site work information - information DB NoSQL  complete
integrated DB, 3D composite
BA2| CPS model generation technology digital map(in- CPS model complete |. P .
model information
tegrated)
BA3 CPS model design technology - algorithm - intermediate
BA4 Bigdata-based construction site CPS model, platform B complete
management platform system

1021
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D Description Input Output Type Data Remark
P D P P Completeness
Precise integration technology of Environment infor-
BA5 & &Y mation DB, Work | integrated DB |[NoSQL| complete
heterogeneous data . .
information DB
Automatic recognition of labor Labor
BAG status information DB NoSQL ~ complete
BB1 Productivity analysis CPS model Productmty NoSQL| complete
information
. Safety
BB2 Safety analysis CPS model information NoSQL| complete
Productivity and Site composite
BB3 Simulation-based work plan safety analysis . . NoSQL| complete |. P .
. . information information
information
Construction site
BB4| CPS-platform linkage technology | work information algorithm - intermediate
DB
pC]| mapping between the chgmal map CPS model,. work algorithm ~ intermediate
and construction site information
BC2 AR/VR/MR-based construction site CPS model,. work algorithm B intermediate
support information
visualization .
BC3 AR/VR/MR-based visualization CPS. model,. work information XR complete .Comp os%te
information . model information
(integrated)
visualization xR composite
BC4 lightened visualization data Visualization data | information complete |, P .
. model information
(lightened)
Construction management system for|  Visualization _
BCS earthworks data(integrated) system complete
BC6 'Lmk'flge'technology between algorithm - intermediate
visualization data and platform
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Fig. 3 Information system prototype for generating and linking ultra-precision digital map
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