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Abstract

Construction projects generally comprise three fundamental phases: design, implementation, and operation,
which encompass a wide range of data types. Construction data encompasses a variety of documents, including
topographic surveys, planning and design records, construction reports, and as-built documentation. In
Vietnam, the development of Building Information Modeling (BIM) offers promise for managing design and
construction data. However, challenges persist in effectively managing and sharing attribute data throughout
a construction project's entire lifecycle. This study presents a solution that integrates Geographic Information
Systems (GIS) to establish and facilitate the efficient sharing of building data information among pertinent
stakeholders. The research has implemented a data system for the H3 lecture hall at Hanoi University of Civil
Engineering's campus, encompassing a 3D map database of the entire area, 3D design model data, and
associated attribute data. The management of building data for construction projects entails the establishment
of geospatial data processing procedures, attribute data systems, and the development of 3D model solutions
using the ArcGIS Pro platform. The data is presented and shared through the ArcGIS Online platform, resulting
in the creation of a web map designed to enhance the effective management and sharing of construction data.
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1. Introduction

Construction projects typically involve three main
phases: design, implementation, and operation
management, all of which require the use of various
types of data. Construction data encompasses
documents such as topographic surveys, planning-
design, construction, and as-built records, among
others. Traditional methods represent this data
through 2D drawings, which often fall short in fully
describing the attributes of the project's current
status. Consequently, there is a lack of clear
visualization of the ongoing progress, necessitating
site visits by the design team to develop appropriate
solutions. Historically, data management within each
department (survey, design, construction) has been
localized, leading to fragmentation, lack of
connection, and a lack of synchronization of building
data throughout the project's lifecycle.

To address the data collection needs of
contemporary construction projects in Vietnam, low-
altitude remote sensing methods employing
Unmanned Aerial Vehicles (UAVs) and terrestrial
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laser scanning systems (TLSs) are commonly utilized
to acquire geospatial data. Numerous studies have
demonstrated that these methods enable the
development of large-scale maps for construction
projects. For instance, in a study conducted by the
authors [1], topographic maps at scales of 1:500 and
1:1000 were successfully generated using UAVs at
different flight patterns and altitudes. Similarly, the
authors in another study [2] combined UAVs with
CORS (Continuously Operating Reference Stations)
technology to establish topographic maps at scales of
1:2000 and 1:5000. In a different research endeavor
focusing on the application of UAVSs in supporting
topographic surveys for construction project design,
the authors [3] surveyed regional and linear projects,
creating topographic maps at a scale of 1:1000, which
were then displayed on WebGIS. Additionally,
combining point cloud data from TLSs and UAVS,
the authors [4] proposed an integrated data
processing procedure for surveying, designing, and

inspecting construction projects.
m
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Following a similar research direction, the authors [5]
developed an algorithm to integrate point cloud data
from these two technologies in construction project
information collection. These studies collectively
underscore the effectiveness of using UAVs and/or
TLSs for collecting spatial data in construction
projects.

In addition to utilizing orthoimage data, point
clouds, and digital elevation models for the creation
of large-scale 2D topographic maps, UAVs and TLSs
offer a significant advantage by enabling the
construction of 3D simulation models. One
noteworthy application of TLSs is the development
of 3D models for Building Information Modeling
(BIM) data management. The author [6] argues that
despite certain limitations in collecting and
processing point cloud data, this approach holds
potential as a solution for gathering asset
management data in small projects. In a research area
spanning 10 hectares, the authors [3] opted to employ
UAVs for collecting 3D point cloud data, which they
visualized on the Potree platform for design
purposes. According to the authors, this method
proved highly efficient in processing point clouds
and sharing visual models with users. By combining
UAVs and TLSs, more detailed and accurate data
sources can be created. For instance, the authors [7]
studied the process of generating 3D models with
LoD 3 (LoD) detail level for high-rise buildings.
These products effectively address the lack of survey
data and support designers and managers in visually
reviewing 3D simulation models of the current
project status.

In the evolving landscape of the construction
industry, the demand for effective management of
construction information during the design and
construction phases has prompted the introduction of
BIM solutions in recent years [8] and [9]. In their
research on the application of BIM and common data
environments in construction progress management,
the authors [10] identified three key factors:
technology, processes, and behavior. Notably, the
utilization of 3D current models enhances efficiency
in field surveys, while information models improve
design visualization and record updates. However,
challenges remain in the information exchange
process between project stakeholders. Pertaining to
infrastructure and transportation projects, the
research conducted by the authors [11] early on
suggested that UAVs offer an effective means of
providing highly visual and information-rich survey
data suitable for input into BIM models. In recent
years, BIM applications have gained widespread
adoption and have become more specific in their
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implementation. For instance, the authors [12]
developed an information model for a steel box girder
overpass at intersection 550 in Binh Duong province,
aiming to support simulation and construction
information management throughout the design and
construction phases. Similarly, in a study by the
authors [13] focusing on applying BIM in the design
stage of the Thu Thiem 2 bridge, significant benefits
were identified, emphasizing the need for continuous
synchronization throughout the entire life cycle of the
bridge project. Particularly, the synchronization and
sharing of information data between project parties
were highlighted as crucial aspects to address.

Based on the aforementioned studies, there is a
widespread agreement regarding the effectiveness of
utilizing UAVs and TLSs to collect geospatial data in
the construction field. However, there remains a gap
in discussions concerning the processing of large data
sets to achieve high levels of detail and unified
construction data management solutions that
facilitate connectivity and efficiency in sharing
between different departments. Recognizing this gap,
this study aims to address these challenges by
leveraging the advantages of GIS. The proposed
solution involves the processing of UAV and TLS
data to develop a web map that enables unified
management and sharing of construction databases.
Specifically, this web map incorporates current
situation survey data and design models (such as the
H3 lecture hall) from the Hanoi University of Civil
Engineering campus. By implementing this solution,
the study aims to enhance the accessibility,
connectivity, and efficiency of construction data
management within the university's campus.

2. Method and Data

The workflow process is depicted in Figure 1,
consisting of three main stages: data collection, data
standardization, and web map creation. Data
collection in the first step includes UAV and TLS
survey data, 3D building design models, and
accompanying attribute data such as information
fields that describe the characteristics of the building,
2D AutoCAD drawings, and/or documents of work
reports. In the second stage, the ArcGIS Pro software
was employed to design geospatial and attribute
database structures that adhere to technical standards.
The collected input data was first normalized and
then incorporated into Shapefile templates. These
resulting Shapefiles would be stored in a Geo
Database and managed as layers that can be flexibly
used in both offline and online modes. For this study,
the Geo Database was uploaded on the Esri server.

International Journal of Geoinformatics, VVol.19, No. 10, October, 2023
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



Collect data

42

-’ ~
/ ArcGIS Pro Y
I' [ Design database structure ] Standardize data ] I
| I
: v v g :
I [Attribute structure] [ Geospatial structure ] 5 I
1 <
|
|
N apefile templates
| ‘ ‘ »| Shapefil | |
; |
: Shapefiles |
I Y I
| l Geo Database l
\ /
N e T _’
"Upload/Share data
ESRI server
s T T T T T T T TS T T T T T A =TT N
'/ ArcGIS Onlines \
[ [ https://www.arcgis.com/index.html ] 4 I
| l Add layers l I
| Design map structure ] 1
I |
[ |
I |
|
: —b[ Create web map ]4— I
| . :
Public web ma
N [ ublic w p ] /
N 7

Figure 1: Study workflow

In the third stage of designing a web map, ArcGIS
Online provides users with the flexibility to select a
base map and customize themes as well as tools that
enable the creation of a desired map structure. The
following process involves integrating the data layers
from the uploaded Geo Database into the map
structure, resulting in a comprehensive web map that
can be published for display and data sharing of the
project.

2.1 Data Collection

2.1.1 Survey Data Collection

The current surveying data was gathered using TLS
(Terrestrial Laser Scanning) devices, specifically the
TOPCON GLS-2000, and UAVs (Unmanned Aerial
Vehicles), specifically the Phantom 4 Pro V2. For the
Hanoi University of Civil Engineering campus, a
reference network was established in the VN-2000
coordinate system with a 3° projection zone at the
105° center meridian. This reference network was
used to link the locations of stations and targets in the

process of collecting data using TLS, Figure 2(a).
These station positions require offering good
coverage of the survey area and ensuring that relevant
features and objects are captured. Therefore, the data
collection involved 17 scanning stations with a
scanning density of 1 cm/1 point. After collecting the
data from multiple scan positions, it is necessary to
register or align the individual scans using common
reference points. Figure 2(b) illustrates some images
of the registration process ensuring that all the data
points are accurately connected and overlapped,
creating a unified and comprehensive representation
of the survey area. The results of the point cloud data
from the experimental area are shown in Figure 3.

The collected TLS data was processed by
merging stations and removing unnecessary elements
using Magnet Collage software provided by
TOPCON. Point cloud data processing for each
device typically relies on specialized software
provided by the manufacturer.
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Figure 2: TLS data collection process (a) TLS reference network (b) Field data collection

Figure 3: Points cloud data of TLS after processing

The basic data processing steps include identifying
the shape of scanning elements, determining colors
from captured images, creating panoramic images
(stitch panoramas), and filtering and smoothing the
resulting model. After completing the data
processing step, the point cloud data is used to edit
and create 3D current state models. The processed
TLS point cloud data is depicted in Figure 3.

While TLS data provides highly detailed
simulation results for various objects, it has some
limitations. These include a large amount of
redundant data (e.g., people, vehicles, road surfaces)
that needs to be refined and removed, the inability to
capture data on the roof sections of buildings, and the
large size of point cloud data, which can affect
processing and storage. Therefore, terrestrial laser
scanning devices are best suited for collecting data
for individual objects in small spaces to construct

highly detailed 3D models. For data collection using
UAVs, the Phantom 4 Pro V2.0 drone was employed.
The drone was flown at an altitude of 80m, providing
a vertical coverage of 70% and a horizontal coverage
of 80%. Additionally, 12 ground control points were
set up. These parameters met the technical
requirements for constructing a 1:500 scale
topographic map [14]. The data obtained from the
UAVs consisted of 412 photos, which were
processed using Agisoft MetaShape software. The
processing results included point cloud data,
orthoimages, and a digital elevation model (DEM),
as shown in Figure 4. The orthophoto data and DEM,
combined with additional ground measurements,
were used to create a topographic map at a 1:500
scale. The topographic map data in AutoCAD format
served as an attribute type managed in the
experimental region's database.
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Figure 4: (a) UAV derived points cloud (b) UAV derived orthoimage and
(c) UAV derived digital elevation model

Points cloud data is one of the most crucial products
obtained from TLS and UAV surveys, serving as a
fundamental data source for building 3D models.
While a combination of TLS and UAV point cloud
data has been widely researched in Vietnam [7] and
[15], processing such big data still poses challenges.
Considering the data characteristics of each method,
it is recommended to utilize only UAV data to create
3D models of the entire area or individual structures
at a detailed level of LoD3. Terrestrial laser scanning
data, on the other hand, should be used to create 3D
models at the as-built stage of the project with a
detailed level of LoD4, which involves capturing
individual objects within the structures. In this
research, only UAV point cloud data was used to
construct a 3D model for the entire current
experimental area.

2.1.2 Design data collection

The design data for the H3 lecture hall (shown in
Figure 5(a) was obtained from the design unit in a 3D
model format. The data was created using SketchUp
software with a level of detail close to LoD4 [7].

It includes structural information layers until each
classroom inside the building. Figure 5(b) showcases
a detailed view of the interior corridors in LoD4 of
the H3 building. To process the design data, it was
necessary to align it with the correct spatial
coordinate system used in the survey data. The Geo-
location function in SketchUp was utilized to move
and rotate the 3D model to the correct position,
followed by exporting it to the *.kmz format for
Google Earth File. After importing this design data
into ArcGIS, it became a parameter of the database
for management.

2.2 Web Manage and Share Data

Web maps are recognized as effective tools for data
sharing due to their user-friendly nature and support
for various data types. Building a web map involves
two stages: standardizing spatial data suitable for the
web environment requirements and determining how
the data will be shared. The standardization of spatial
data for the web environment depends on factors such
as input data format, processing algorithms, and
display of geospatial data.
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Figure 6: Data standardization processing of 3D design model (a) Geo-location of .SKP files and
(b) Conversion of .KMZ files to Multipatches format

In this research, ArcGIS Pro was utilized for data
standardization, editing, and formatting, including
attributes and 2D/3D models. Data sharing can be
done through a third-party service provider or by
developing a private server-based system for web
services and data resources. In this study, data
sharing was facilitated through the ArcGIS Online
platform and third-party links.

2.2.1 Data standardization

With the survey and design data processed into 2D
and 3D formats, a database was created using ArcGIS
Pro software. Geospatial data was standardized as
shapefiles, including points, lines, polygons, and
multipatches. Attribute data was edited as tables and
hyperlinks in the popups. The standardized data
encompassed survey maps (in 2D format), survey

reports (in text format), panoramic images (in media
format), and object characteristics and properties of

3D geospatial data. The 3D data layer comprises both

the current state model and the design model. As the
current 3D model did not separate the details into
individual building objects, this geospatial data was

only linked to attribute data fields such as survey
reports and a topographic map in AutoCAD format.
To create attribute data for each building object and
transportation in the experimental area, a spatial

points layer was created. An example of data

standardization for a 3D design model is illustrated
in Figure 6. The geolocation process using SketchUp

Pro 2020 is shown in Figure 6(a), which involves

converting  SketchUp  formart  (*.SKP)
GoogleEarth format (.KMZ) and georeferencing
them within a geographic coordinate system.
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Subsequently, the resulting .KMZ data was
transformed into Multipatches format within the
ArcGIS Pro environment, as demonstrated in Figure
6(b). This standardization process is essential for
preparing 3D model data layers that can be readily
shared on web maps.

2.2.2 Data sharing

Data sharing and display on web maps can be
achieved through either a service provider's web
platform or by developing a separate hardware and
software web system. In this study, after normalizing
the experimental data, data sharing in the form of web
maps was carried out using Esri Vietnam's server
system, as shown in Figure 7.

The process of sharing web map data involves
checking and correcting the structural information of
the data format and the spatial coordinate system.
The web map theme is designed using pre-made or
custom templates provided by Esri's ArcGIS Online
application. This application offers various tools for
measuring, searching, analyzing, and extracting
geospatial and attribute data. However, it has
limitations, such as not supporting the sharing of
orthoimage data in *.tiff format and not being an
open-source environment for developing tools to
address specific specialized problems. Moreover,
sharing data on web maps through service providers
like Esri is currently available only as a 21-day trial.
For extended access, transitioning to the paid version
is an option. To maintain access for a longer duration,
one may consider switching to the paid version.
Alternatively, building a server system for managing
and sharing data on a web map throughout the
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project's lifecycle would require investment in
hardware (server) and software (website). However,
for construction projects with geospatial data
characteristics that describe a small area (such as a
high-rise building) and require a high level of detail
(structures, documents, property equipment, etc., in
each room), developing an in-house server system
offers the advantage of synchronized management
and usage. This approach aligns with the effective
trend in the field of BIM during the operation of
works.

3. Results and Discussion
The created web map provides users with convenient
access to geospatial data anytime, anywhere. Users
can utilize basic surveying functions on the web map,
similar to conventional 2D maps. Figure 8(a)
demonstrates the measurement tool for area and
perimeter, while Figure 8(b) showcases the attribute
table of the H2 lecture hall. The inclusion of a 3D
model on the web map enables users to visualize
simulated images of the current state of the space.
Figure 9(a) illustrates a panoramic image of the
current state of the Hanoi University of Civil
Engineering campus, with associated attribute data
such as survey reports and 2D maps linked in the
popup table. This data provides designers with
comprehensive topographic survey documents.
Additionally, the 3D model data assists designers
in reducing the need to visit the field for design
corrections or adjustments. The web map tools also
aid designers in obtaining a rough understanding of
the current topographic profile, as shown in Figure
9(b).

Figure 7: Web map of Hanoi University of Civil Engineering campus (access the web map by scanning the
QR code or by URL link at https://shorturl.at/zBPQX
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Figure 8: (a) Measurement tool for area and perimeter and (b) attribute table of the H2 lecture hall
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Figure 9: (a) 3D current model with attribute table and (b) an example with the topographic
profile described tool

These advantages highlight the superiority of web
maps over traditional 2D drawings. Figure 10 is a
floor map of the H3 lecture hall obtained using the
"Slide Objects" tool of the web map. This map allows
users to easily observe the internal details of the floor,
including classrooms, corridors, elevators, and more.
The information provided in this figure is beneficial
for management, operation, and maintenance
purposes.

At a detailed level, the design 3D model (or as-
built 3D model) on the web map enables the tracking
of spatial information and properties for each
structural detail. Figure 11 showcases the tool for
viewing and measuring the details inside the H3
lecture hall. This functionality allows for the
examination of building geospatial and attribute data
at LoD4 for the as-built stage, despite its large size.
The as-built datasets stored in this manner can serve
as a valuable database for future repair, renovation,
and restoration work. This web map effectively
manages and shares data of the Hanoi University of
Civil Engineering campus at both the project-wide

level and the detailed level of individual objects.
However, there are some challenges that still need to
be addressed, such as the collection and processing
of geospatial data and attributes for each detailed
object within the building at LoD4. Spatial
coordinate discrepancies between shared data and the
web basemap (e.g., Google Maps) also require
attention. It is essential to resolve the relationship
between VN-2000 national coordinates (used in
survey, design, and construction data) and WGS 84
coordinates (used for data displayed on the web
map).

Furthermore, there is a need to develop additional
tools to address specific professional problems in the
context of using web maps for data sharing,
management, and analysis in various fields such as
land, environment, and traffic.TLS, UAV, and
SketchUp can be employed to create 3D models of
fully constructed buildings. However, when it comes
to evaluating construction progress during the
construction stage, BIM emerges as the more suitable
approach.
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Figure 11: Tools for viewing and measuring inside detail of the H3 lecture hall

In terms of visualizing buildings in 3D, if an
AutoCAD file is available, creating a 3D model in
SketchUp is a cost-effective and user-friendly option
compared to the other techniques. However,
considering the inconsistent management or lack of
data for construction projects in Vietnam, often due
to contractors not storing or only sharing hard copies,
the integration of TLS and UAV becomes more
appropriate. This integration is suitable for
construction projects that have been put into
operation without AutoCAD files, which is a

common occurrence in our country. The study has
successfully developed a web map basing on ArcGIS
platform for Hanoi University of Civil Engineering,
offering user-friendly features, 3D visualization, and
comprehensive data integration. It enables
convenient access to geospatial data, aiding in data
management and sharing. The web map enhances the
visualization of the campus, reduces the need for
frequent field visits, and provides valuable data for
designers, management, and maintenance.
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4. Conclusions

This study has demonstrated the application of GIS
and geospatial measurement technologies in
construction data management, with a specific focus
on the case study of Hanoi University of Civil
Engineering in Vietnam. For Vietnam, one of the
significant advantages of employing UAVs and TLSs
in construction data collection is the ability to
generate detailed and accurate spatial data. Studies
have shown that these technologies can produce
high-resolution orthoimages, point clouds, and
digital elevation models, which are essential for
creating large-scale 2D  topographic  maps.
Furthermore, they facilitate the construction of 3D
simulation models, allowing for a comprehensive
visualization of the project's current status. The
integration of TLSs and UAVs provides even more
detailed and accurate data sources, enabling the
capture of individual objects within structures and
supporting designers and managers in visually
reviewing 3D simulation models. The application of
GIS and geospatial measurement technologies brings
significant advantages to the construction industry.
These technologies enable the collection of large-
scale, detailed, and accurate data, leading to
improved project planning, design, and construction
management. The integration of UAVs and TLSs
enhances the country's capabilities in data acquisition
and processing, supporting the development of
sophisticated 2D and 3D models.

The application of GIS and geospatial measurement
technologies in construction data management in
Vietnam, as demonstrated through the case study of
Hanoi University of Civil Engineering, offers
numerous advantages. These include improved data
acquisition, visualization, and sharing, enhanced
project planning and design, and increased
collaboration among project stakeholders. The
implementation of these technologies paves the way
for the transformation of Vietnam's construction
industry, supporting its growth and contributing to
the country's overall development goals.The study
underscores the effectiveness of web maps for
construction-related data management and sharing,
with the potential to benefit academic and operational
contexts at Hanoi University of Civil Engineering.

Acknowledgements

This research has received support from the Hanoi
University of Civil Engineering through a grant for
the basic research project (N0.21-2023/KHXD-TD),
awarded to Luong Ngoc Dung. We also extend our
gratitude to Esri Vietnam for their valuable support
in providing the ArcGIS software.

49

References

(1]

(2]

3]

[4]

[5]

(6]

[7]

Diing, L. N., Trong, T. B., Chiéu, V. B., Quynh,
B. D., Hang, H. T., Hiéu, D. C. and Huy, N. D.,
(2021). Research on UAV Flight Mode in
Surveying the Terrain of Linear Structures -
Application to Xuan Quan Dike Road, Hanoi.
Construction  Science and  Technology
Magazine (TCKHCNXD), Vol. 15, 131-142.
https://doi.org/10.31814/stce.huce(nuce)2021-
15(7V)-12.

Hoang, T. T. and bin,h C. H., (2020). UAV -
Base Data for Topographical Mapping of
Vegetation Covered Areas (in Vietnamese).
Journal of Geodesy and Cartography, Vol. 44,
49-55. https://doi.org/10.54491/jgac.
2020.44.303.

Viét, P. N., Quéan, C. M., Anh, P. N. and burc,
N. H., (2022). Visualize 3D Point Cloud Data
Online on Potree Platform for Design Work (in
Vietnamese). Journal of Hydrometeorology,
Vol. 4, 193-201. https://doi.org/10.36335/VN
JHM.2022(EME4).193-201.

Sy, . T., Thu, N. A, Hiép. H., Loan, V. T., Vi,
N. N. T., Truong, V. V., et al. (2019).
Integrating Point Cloud from 3D Laser
Scanning and Unmanned Aerial Vehicle (UAV)
Equipment in Order to Collect Construction
Project Information Modeling (in Vietnamese).
Journal of Construction, 4.

Cao.C. X, Le,C. V., Vo,D. N.,, Ta, H. T. T,,
Ngo, C. S. and Dang, T. T., (2022). UAV and
TLS Point Cloud Integration for the Surface
Plant Infrastructure of Underground Coal
Mines. Journal of Mining and Earth Sciences,
Vol. 63, 13-23. https://doi.org/10.46326/
JMES.2022.63(4).02.

Phan, T. A. T., (2022). Generating 3Dmodel
from Point Cloud Collected by Laser Scanner
Hokuyo UTM 30LX: Case Study is a Room of
a Civil Structure (in Vietnamese). Journal of
Geodesy and Cartography, Vol. 51, 47-55.
https://doi.org/10.54491/jgac.2022.51.564.

Le, H. T. T., Nguyen, T. V., Pham, L. T., Tong,
S. S, Nguyen, L. H. and Vo, O. D., (2022).
Combined use of Terrestrial Laser Scanning
and UAV Photogrammetry in Producing the
LoD. Journal of Mining and Earth Sciences,
Vol. 63, 24-34. https://doi.org/10.463
26/JMES.2022.63(4).03.

International Journal of Geoinformatics, VVol.19, No. 10, October, 2023
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



[8]

[9]

[10]

[11]

Banh, N. M. and Ngoc, N. B., (2018).
Reviewing the Major Trends in the Research
and Development and Adoption of BIM at
Institute of Investment and Construction
Management - NUCE. Journal of Science and
Technology in Civil Engineering (STCE) —
NUCE, Vol. 12, 89-91. https://doi.org/10.318
14/stce.nuce2018-12(1)-12.

Dao, T. N., Chen, P. H. and Nguyen, T. Q.,
(2021). Critical Success Factors and a
Contractual Framework for Construction
Projects Adopting Building Information
Modeling in Vietnam. International Journal of
Civil Engineering, Vol. 19, 85-102. https://doi.
0rg/10.1007/s40999-020-00542-3.

Lé, T. D. and Nguyén, A. T., (2018). Applying
Building Information Modelling and Common
Data Environment in Construction Schedule
Management (in Vietnamese). Journal of
Constructions, Vol. 1, 132-136.

Tung, K.D. and Cang, D. N., (2018). Utilizing
Close Range Photogrammetry Technology in
BIM for Infrastructure Projects. Journal of
Science and Technology in Civil Engineering
(STCE) — NUCE, Vol. 12, 65-70. https://doi.
0rg/10.31814/stce.nuce2018-12(1)-08.

50

[12] Ngo, T. T., Nguyen, Q. C., Do, M. T., Nguyen,

[13]

[14]

[18]

T. G., Nguyen, X. V., Huynh, X. T., (2021).
BIM Application for the Steel Box Girder
Overpass with Reinforced Concrete Slabs at
550 Crossroad, Binh Duong Province. Vietnam
Journal of Science and Technology, Vol. 63,
22-26. https://doi.org/10.31276/VJST.63(1).22
-26.

Nguyén DPic, B. And Quéach Thanh, T., (2021).
Application of Building Information Modeling
in Vietnamese Bridge Construction. Transport
and Communications Science Journal, Vol. 72,
908-919. https://doi.org/10.47869/tcsj.72.8.5.
MONRE, (2021). Regulations on Technical
Acquisition and Processing of Digital Image
Data from Unmanned Aerial Vehicles for
Creating and Updating the Database of National
Geographic Background at Scales 1: 2,000, 1:
5,000 and Establishment of Topographic Map
at Scales 1: 500, 1: 1,000 (in Vietnamese).
Ministry  Of  Natural Resources and
Environment of Vietnam.

Nguyen, T. A, Do, S. T., Le-Hoai, L., Nguyen,
V. T.,Pham, T. A,, (2022). Practical Workflow
for Cultural Heritage Digitalization and
Management: A Case Study in Vietnam.
International ~ Journal  of  Construction
Management, 1-15. https://doi.org/10.1080/
15623599.2022.2054268.

International Journal of Geoinformatics, VVol.19, No. 10, October, 2023
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



