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Abstract In recent decades, the versatility of virtual reality (VR) and augmented reality (AR) have made the Unmanned
Aerial Vehicle (UAV) technology widely applied in diverse disciplines, such as architecture, civil engineering,
and construction management. UAV is employed in diverse dimensions to obtain essential ation from
the construction sites, a feasible analysis in condition assessment, and progress monitoring isualization
The current research has aimed to investigate the dimensions UAV’ 3D modeling by applyi literature
content analysis method. The research found that UAV technology has been merged i ions;
included, 3D Modeling, Safety, Surveying, Monitoring, Transportation, Contour crafting, | , 3D
modeling is the primary dimension and dramatically growing in architecture ivi i ing" ke research
found that UAV’ 3D modeling has merged into nine (9) dimensions; D1. Quali D2. Risk
Management, D3. Site monitoring, D4. Project performance and progress co Db. jes Management,
D6. Building Measurement, D7. On-Site Information Analysis, D8. Team Coll i unication, and
D9. Workers Training. The research found that building measurement an ment are the most
rapidly growing dimensions. Also, the research has indicated thirty-six (3 sions, where using
inspection tools, using web-based VR, image-based 3D reco ion meshing, and using AR
have been mostly grown in the UAV’s 3D modeling. Accordmgly ral 3D veeon ction software has been
developed.
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Resumen En las ultim ersatllldad de la realidad virtual (VR) y la realidad aumentada (AR) han hecho que
s“dereos no tripulados (UAV) se apliqgue ampliamente en diversas disciplinas, como
r|a civil y la gestién de la construccion. EL UAV se emplea en diversas dimensiones

| on esencial de los sitios de construccion, un analisis factible en la evaluacién de la

ensiones del modelado 3D de UAV aplicando el método de andlisis de contenido de la
a investigacion encontré que la tecnologia UAV se ha fusionado en siete dimensiones: Modelado
d, Topografia, Monitoreo, Transporte, Elaboracion de contornos, Inspeccion. Entre ellos, el
3D es la dimension principal y esta creciendo dramaticamente en arquitectura e ingenierfa civil. La

la calidad, D2. Gestion de riesgos, D3. Monitoreo del sitio, D4. Control de avance y ejecucion del proyecto, D5.
Gestion de instalaciones, D6. Medicion de edificios, D7. Andlisis de informacion in situ, D8. Colaboracién y
> comunicacién en equipo, y D9. Formacion de trabajadores. La investigacion encontrd que la D6 y la D1 son las
dimensiones de crecimiento mas rapido. Ademas, la investigacion ha indicado treinta y seis (36)
subdimensiones, en las que el uso de herramientas de inspeccion, el uso de VR basada en la web, la
reconstruccion y el mallado 3D basado en imagenes y el uso de AR se han desarrollado principalmente en el
modelado 3D del UAV. En consecuencia, se han desarrollado varios softwares de reconstrucciéon 3D.

Palabras clave: Vehiculo aéreo no tripulado; modelado reconstructivo 3D; visualizacion y mapeo de sitios de
construccion; fotogrametria
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1. Introduction

Unmanned Aerial Vehicle (UAV) is known as Remotely Piloted Vehicle (RPV), Micro Aerial Vehicles
(MAV), Small UAV (SUAV), Remote Controlled (RC) Helicopter, Remotely Operated Aircraft (ROA), and
Model Helicopter (Siebert and Teizer, 2014). In recent decades, the versatility of virtual reality (VR) and
augmented reality (AR) have made UAVs widely applied in diverse disciplines, such as architecture,
engineering, transportation, archaeology, and geology (Mufioz Salinas and Garcia-Almirall, 2010; Dib et
al,, 2013; Marques et al., 2017). UAV usage in each discipline varies, depending on the requirements;
for example, in archaeology, UAV is used to capture 3D geometry information of heritage monuments,
while survey, mapping, and safety are widely used in transportation (Keyvanfar et al., 2021).

The focus of the current study is the usage of UAVs in architecture and constructj

applications in construction management. However, they are limited
consuming, costly, limited range and area size to cover, high measure
projects (Tang et al, 2011). In turn, obtaining essential information fro

he tion sites, a
n intditive information
visualization under the capacity of UAV (Abd Majid et al., 2012; Majidfe Barsantia et al., 2013;
ve technology due to its
micro/meso size, easy handling mechanism, and simple att he versatility of the UAV
and its capabilities for messy and complicated works i sed. UAVs can handle the
limitations of space-borne-based technologies throug 3. Using drones has been
dramatically grown for construction mapping and visua hough we can use either drones or

i)  Efficiency in progress tracki
of the remote sensing satellit

onitoring: Although the spatial and spectral resolution
as been substantially enhanced, using UAVs is highly

centimeter-level spatialiiesolution images. Hence, drones can generate centimeter-level
resolution image i

of drones a agery techniques.
ity: Measuring every construction activity needs a specific level of

sight to the satellite.

ring sC@le of construction projects: Drone is a cost-effective method suggested for 10 or

wer square kilometers area size projects. However, unlike commercial satellite

tellations, drone technology cannot cover the wide areas beyond this limit, such as a
syn@ptic view for monitoring complex ecosystems. Also, unlike commercial satellite
constellations, the drone does not have the long-term archived data of years and decades;
for example, monitoring the weather effects, climate changes, sea-shore development, or
desert swamping during an ELl Nino year.

iv) Capturing Invisible Environmental Conditions. Satellites can capture hyperspectral and
multispectral data in diverse sizes and locations (such as subtle stress in water bodies and
vegetation) in the infrared portion of the spectrum; however, the drone cannot do it.

V) The project phases: Although both drone and satellite technologies can be used for every
phase of the project (i.e., design, construction, operation, demolition, etc.), using the drone is
much cost-efficient even for daily exercises.
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vi) Type and size of information needed to capture: The projects need a combination of data
sources. The main difference between drones and satellite is the machine learning resolution
techniques, which strongly depend on the object's size. For example, satellites can capture
the construction sites even in low-resolution; however, the drone can help efficiently capture
high-resolution imagery of the whole site and the objects (such as the wall, windows, facade
of buildings, etc.) the width of at least 10px. For instance, Quadcopter Geoscan 401 can take
high-quality aerial photos at 4 cm/pix high resolution and 1 cm / Pix for the altitude of 60m
of air scan.

vii) Collision avoidance technology: Drones are equipped with several types of object detection
sensors to avoid collision accidents to objects and even fly safely in zigzagging paths of the
construction site or indoor environments.

viii) Data Processing Capabilities: The drone processing software is affordable, p ul, user-
friendly, self-learning, and sometimes cost-free, while satellite im
complicated and expensive, and hence, needs a more advanced i

ix) Cost of project. In general, we can track long-term changes (for inst
for free through historical data by satellite imageries, while the dr,
would be a good solution for cloudy days when satellite data m

ot be plete enough.
To sum up, using satellite imagery data can be very useful for analy s term changes, while
multispectral cameras have a higher resolution at a reason ze of the projects would
be a key driver in selecting the means; UAVs can handle th ery works for medium to
small projects, while satellites are mainly recommende ga-scale projects (such as
sea-shore development). Therefore, the trade-off amang entioned above can help
users achieve their desired goals.

UAV technology is predominantly used 4 i d construction management, merging into
several aspects, included, 3D modeli onitoring, contour crafting, and inspection.
For example, UAV will be attached al camera to collect the thermal picture; later, the 3D
model of that building will be created shows the thermal details using the data obtained from

D modeling is the primary dimension growing very fast.
Accordingly, UAV has signific capabiliti
modeling the construction j i.e., buildings, bridges, tunnels, etc.). The images were taken by
UAV Will then be used
Accordingly, this resea ed to investigate the UAV’'s 3D modeling dimensions and
applications. The r ducted two objectives. Objective one is to investigate and identify
eling dimensions in architecture and civil engineering. Objective two
construction modeling state-of-the-art based on their Features of
struction Generation, Capabilities in Reconstructing site elements, and the

re putatienal System Specification. In addition, the research has applied the content
ana thod as”one of the well-established literature review analysis methods. The content
analysi thod will help explore the dimensions and sub-dimensions of the UAVs’ 3D reconstruction

measure the impact degree of each based on frequency. To conduct the content
analysis, the research has investigated the available sources (i.e., books, journal articles, conference
proceedings, etc.) across diverse research fields and searching the combination of two or three
following codes (i.e,, keywords); Unmanned Aerial Vehicle (UAV), 3D reconstruction modeling,
photogrammetry, construction management, architecture, site mapping, site visualization,
dronography, and automated project monitoring.
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2. Applications of the UAVs’ 3D Reconstruction Modeling in architecture and
Civil Engineering

3D reconstruction modeling is the most referenced dimension of UAV technology and is dramatically
growing. The ‘3D Reconstruction of Generic House Roofs from Aerial Images of Urban Areas’ is one of
the earlier research projects conducted by 1997. This research focuses on the method that
automatically generates the 3D model of the roof house of the residential areas in the urban site
based on the aerial images. Later in 2007, another research was done by Jin and Xu (2007) entitled
‘Reconstruction of the Building Objects from Multi-aspect High-resolution SAR Images.” They have
used multi-aspect metric-resolution SAR images to reconstruct the 3D model of the building’s objects
automatically. Recently, in 2011, another research was conducted with the title ‘Autom lignment
of 3D Reconstruction Using a Digital Surface Model’ by Wendel et al. (2011). In
present the alignment of Structure from Motion (SfM) of the 3D reconstruc&m
information to create an overhead Digital Surface Model (DSM). Indeed, 3D rgco
emerged in different dimensions helping architects and civil engineers ifihproj nitoring and
management through either mapping or visualization techniques. Th&follow presents these
dimensions in detail.

Quality Management: UAVs’ 3D reconstructio
management in architecture and construction proje y aids in detecting defects
in the earlier phase of the project lifecycle (Zha The 3D model of quality
management has great advantages than 2D jma overlooking issues, real-time
checking, saving cost, and time of exploring iss ortalés et al,, 2018). In this regard, Hou
et al. (2015) have emerged AR technolog anagement, enhancing performance
and productivity while reducinggeegnit vads. Fazel and Izadi (2018) designed an
ality and accurate free form prefabricated
surfaces. Tavares et al. (2018 d a combined, coordinated AR-BIM (Building
Information Modeling) system e operator can use to track welding in beam joints and
Rout the beam assembling. In addition, some researchers
tion quality through inspection devices. For instance,
designed an AR-based tool for inspecting the pre-fabrication

emerged for quality

have studied how to
Portalés et al. (2018
building process
et al. (2014) ha € d _an AR-BIM combined system to enhance construction defect

t: UAVs have been widely used to conduct as-built project monitoring
-realistic system (Biljecki et al,, 2015). For instance, Siebert and Teizer (2014)

und truth measurements of the construction site (Colomina and Molina, 2014). Recently,
few researchers have studied the geometric accuracy of the 3D model of the site. For
nce, Shazali and Tahar (2019) have investigated the minimum possible errors (less than
4cm) while generating the 3D model of the actual measurement of the as-built project.
Freimuth and Konig (2018) have improved the as-built data generation process through UAV’s
automatic data acquisition of the structural objects. Their system can guide and control the
flight around building structures capturing the required as-built information of the objects.
Moon et al. (2019) have investigated data integration and data processing through
photogrammetry and developed a new method to merge hybrid point cloud data obtained
from UAV-based image processing and laser scanning. They could achieve a good result in
comparing original blueprints of the projects and surveyed geometry. Recently, Kim et al.
(2017) have conducted UAV-driven hybrid image-processing for crack identification, obtaining
cracks thicker than 0.1 mm with 7.3% Maximum length-estimation error.
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Vi.

Ficapal and Mutis (2019) developed a system for facade thermal bridges detection,
assessment, and diagnosis using UAV-driven infrared thermography. Their system can
analyze the building envelope’s performance regarding energy consumption, the actual state
of deterioration, functionality, and then offers possible scenarios for the best use of the
existing structure. Freimuth and Konig (2018) have integrated UAV and BIM technologies to
automatically trigger inspections through a visual inspection task in a 3D environment.
Risk Management: Regarding risk management through 3D modeling, the researchers have
emerged in diverse disciplines, such as workers’ safety, risk of accidents, and hazardous
situations (e.g., unprotected openings or edges, the proximity of overhead power lines, the
proximity of boom vehicles or cranes, etc.). For instance, de Melo and Costa (2019) have
applied UAVs in collecting visual assets to evaluate the compliance of s rules and
regulations on the construction site. Their system integrates UAV technology
engineering (RS) to sustain the construction project's safety planning
process. Kim et al. (2017) developed a UAV-assisted visual monitQsing
safety intervention against struck-by hazards in the construction gite
proximities automatically among construction entities, enhanci
workers. Liu et al. (2019) have integrated UAV and BIM techno veloped a new
web-based dynamic safety-inspection technique which conmaii fety information (i.e.,
videos) of the real environment and virtual camera paramgte platform, an update
the off-site risk managers and executive manage sparency and accurate
decision making
Site Monitoring: Monitoring the construction s is critical during the
construction phase. Architects and civil engin oordinators need several rounds of
job-site progress monitoring inspections and tions in the construction site while
sticking to an on-time and planned budg re are a few studies about borrowing
) do all these jobs more accurately, faster,
UA\/S can generate a panorama of a

simulating aerial photogrammethyfpoint cloud, etc. For instance, Bang et al. (2017) has applled
a UAV and image e for developing the panorama based on high-quality
image data; Kim and (2018) haveideveloped the First Personal View (FPV) to monitor on-
site condition and a quadcopter drone to share the reports to construction project
managers and o
Project Perform

the advanced technology for construction control and monitoring
he real-time estimation and visualization of on-site construction jobs
, 2019). Reviewing literature determines that very few researchers have

eloped dn AR-driven 4D CAD method linking AR’s 4D and 5D objects in the site with the
l images and then implements schedule information for revisions if needed. Recently,
jczak et al. (2019) developed a new system by integrating AR and BIM with a location-
based management system (LBMS), which can explore scheduling deviations and report the
context-specific progress data and project managers.

Facilities Management: Facilities management through 3D modeling has focused on dynamic
data integration. For instance, Sampaio et al. (2012) have developed a VR-driven system for
controlling the performance of periodic inspections of the interior and exterior wall
maintenance. In addition, Williams et al. (2015) have designed an automated BIM2MAR
process to convert a complex geometry on a mobile computational platform, which aids
facility managers in accessing real-time and updated information through AR technology.
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Finally, Carreira et al. (2018) have integrated the game engine technologies and VR for building
management flexible and dynamic facilities management system.

vil. On-Site Project Information Analysis: 3D reconstruction modeling can combine digital data
with an on-site physical view. For instance, Yeh et al. (2012) developed a wearable device for
engineers that stores all construction information and drawings. As a result, no one needs to
carry the massive construction drawings to the site while saving time and energy in correcting
drawings. Kim et al. (2017) have designed a camera-equipped mobile device called HD4AR to
exchange project information precisely to the construction stakeholders and engineers for
task management purposes (e.g., visualizing task location through AR). Chu et al. (2018) have
developed a cloud-based BIM-AR system to enhance the information retrieyal process for
task efficiency during construction.

viil. Team Collaboration and Communication: Several project stakeholders are co
construction project; contractors, managers, designers, etc. Good
guarantee the project's success and complete the project according t
and on time. However, all team members (design team, risk managegen 4
on the site simultaneously, and any immediate actions and chang ation by all
parties. Hence, 3D modeling techniques can provide a platform hare check the real-
time and updated notes and imagery data and take the reguine ns in actual time. The

roject information

ulding et al. (2012) have
environment to expedite

accessibility and effective commmunication (Pejosk
created a collaborative design team through a web-
decision-making. Du et al. (2018) have develop yoichronized BIM-VR system,
called collaborative virtual reality (VR), used for e decision-making. It is such
cloud-based metadata interpreting the VR da omatically to update the BIM model.

iX. Workers Training. Using 3D modeling te xposure to hazardous job sites while
providing a safer and effective tadifing t with reduced risk of injury. For example,

work with many tools and n a safe environment (Pedro et al,, 2016). Recently, the
researchers have developed@i860 VR for training purposes which simulates virtual
construction safety he real construction site (Portalés et al., 2018). Also, the
3D modeling techniq have improved the quality and speed of training while the experts

can supervise the trai urthermore, the researchers have applied AR technology, which
provides the e imulated virtual environment to understand construction
processes and € em the building construction courses (e.g., Gonzalez, 2018).

ent dimensions and sub-dimensions of UAVs’ 3D reconstruction
civil engineering. According to Table 1, Building Measurement (Fps=27)
ement (Fxi=26) are the most grown dimensions of UAV’s 3D reconstruction

dimension using inspection tools (FD1.5=12). Afterward, Three sub-dimensions, D3.3. Using web-
based VR, D6.1. Image-based 3D reconstruction and meshing, and D7.3. Using AR system have
been investigated mostly grown in the UAV’s 3D modeling (F=11).

In contrast, several sub-dimensions have room to grow, included: Using a WLAN-based AR system,
using integrated AR and BIM, Using BIM2MAR, Using Game engine technologies, Geo-referencing, and
Using GPS data, Image segmentation and Orthophoto mapping, Using the wearable device, and Using
HD4AR system.
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Table 1. Applications of UAV’s 3D Reconstruction modeling in Architecture and Civil Engineering

Citation

D6. Building
Measurement

= engine technologies
Esed 3D reconstruction and meshing

Srepcing and using GPS data

Using integrated AR and BIM

ID4.3.ntegrating location-based management system (LBMS) into BIM and AR

D1.4.Integrating AR, BIM, and image-matching system

D1.5.Using inspection tools

D2.1.Risk of accidents
D4.4.Image-based 3D & 4D reconstruction

D4.2.Using an AR-based 4D CAD system
D5.1.Using BIM

D1.1.Using AR system

D1.3.Integrating AR and BIM

D2.2.Risk of hazardous situations
D2.3.Safety for laborers and workers
D3.1.Using a WLAN-based AR system
D3.2.Using image stitching technique
D3.3.Using web-based VR

D4.1.Using AR for virtual scheduling
D5.2.Using VR technology

D1.2.Using BIM

Goulding et al.
(2012)

Sampaio et al.
(2012)

s and 3D rotating laser scanners
on and Orthophoto mapping

E-ISSN 1886-4805

based VR cloud

gs

D7.2.Using HD4AR g

D7.3.Using AR sy¥

D7.4.Integrating BIM and 4
D8.1.Integrating game t8
D8.2.Applying MR technolo,
D8.3.Integrating BIM and VR syste
D9..2.Using 360 VR system
D9.3.Integrating VR and MR

= |D9.1.Applying VR-based training simuld

Yeh et al.
(2012)

Xie et al. (2018)

Sacks et al.
(2013)

Park and Kim
(2013)

Kwon et al.
(2014)

Zollmann et al.
(2014)

Siebert and
Teizer (2014)

Hou et al.
(2015)

Williams et al.

(2015)
Lin et al. (2015) ‘

Zhao and

Zhou et al.
(2016)

Bang et al.
(2017)

Kim et al.
(2017)

Chu et al.
(2018)

Fazel and Izadi
(2018)

Kim and Kim
(2018)

Chathoub and
Ayer (2018)

Du et al. (2018)

Portalés et al.
(2018)
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Carreira et al
(2018)

Freimut and
Konig (2018)
Zaker and
Coloma (2018)
Liu et al. (2019)
Ratajczak et al.
(2019)
Mirshokraei et
al. (2019)

de Melo and
Costa (2019)
Wu et al. (2019)
Moon et al
(2019)

N
Sub-Frequency| 63 |32[12 3 | 6 | 7 [1 |7 |[1[5/5[4/4[3[3/1[1][1[1n]1]6[3[1]5]1]1](11/8| i 6 |5/2|2
Frequency 26 16 19 18 9 27 21 18 9

Note: AR: augmented reality, BIM: building-information modeling !
Source: Authors.

3. The 3D Reconstruction modeling state-of-the-art (S

3D reconstruction modeling is one of the established state-of-the-ay
3D reconstruction deals with diverse parameters tuning, automat | customization features,
using dense (depth-map oriented) or sparse (key-point orie (Stotko and Golla, 2015;
Jiang et al, 2020). 3D reconstruction also copes with the @ \Scenes, key-point oriented
approach, camera poses, the trajectory of key pojfts,” and 3D features. Several 3D
reconstruction modeling software has been develope
and reliability on large and heterogeneous datase

odeling techniques.

tware are COLMAP pipeline (Schonberger
and Frahm, 2016), AgiSoft Photoscg DF+ yr (2016), Autodesk Recap (2017), 3D Survey
(Guidi et al., 2014), DroneDeploy (2018 odeler (1997), VisualStM (Wu, 2013), and Pix4D (2017).

COLMAP is one of the 3D rec
projects. The 3D reconstruction deling programs constitute a series of SfM and MVS (Multi-View-
Stereo) algorithms. They an
accurate, robust, and scala@ble comstruction. They have a key-point-oriented algorithm that works
accurately and robustly and camera movements (even recognizing the drone’s minor
shakes) (Maxence 01

the project information in the database format and export the sparse and
other pipelines. For instance, COLMAP implements the SIFT algorithm and
nd a long list of feature matching options (like transitive matching, exhaustive

For these reasons, COLMAP needs more time to gradually create the 3D scene graph because it
verifies the image pairs if they have a valid geometric mapping (i.e., fundamental matrix or
homography) (Schonberger and Frahm, 2016). The 3D reconstruction modeling programs conduct
bundle adjustment through Cere’s solver and global bundle adjustment (BA) to enhance the points
and estimations step-by-step and reconstruct the MVS using the probabilistic patch-based stereo
method. For instance, COLMAP enhances completeness through multi-scale geometric consistency,
also disseminates depth measurements based on lower resolution levels (Maxence et al., 2019).
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Agisoft Photoscan is the other 3D reconstruction software that can provide inter-the-camera
calibration data (i.e., initial parameters or fixed values) after loading the images. VisualSFM is a 3D
reconstruction software with incremental SfM pipeline while having less flexibility than other
techniques due to using one algorithm set for reconstruction modeling (Wu et al., 2019; Wu, 2013).

Like COLMAP, the VisualSFM has an intuitive graphical user interface and can generate the dense
clouds directly using Furukawa’s dense reconstruction tool for image-processing functions. Pix4D is
an SfM pipeline that automatically recovers the sparse reconstruction orientation and camera
positions from the series of images. It can calculate depth information for each camera involved in
the dense point cloud and converts scenes into 3D meshes to develop high-quality digital models.

Table 2 summarizes the features and specifications of those mentioned abov -tier 3D
reconstruction modeling software. According to Table 2, we may follow eithe ing
approaches to selecting the most appropriate software for our project: ‘

Software selection based on functionalities; we may have a trad o oint counts,
overlaps, and errors generated by the software. The software ind diff t types of errors
in calculating geometric measurement or distance computadi as, Distant computing
error, Final RMS (root-mean-square) error, Distant comp ardigteviation, etc.), which
affect our software selection; for example, Phot develops a dense point
cloud, but with high Std. Dev. for distance computa
ii. Software selection based on technical capabiliti oftware can generate the
3D models of the flat surfaces (like tree and me are not able to recognize
curved surfaces (like site topography and as COLMAP, which impact on the
n specification: software users need
to plan for the type of output m goal as each software produces some or a

Triangulation and Bundle AQ
Commercial License before sta
addition, the softwa
the huge amount of

g the project, as each license has a specific cost chart. In
> provide a suitable computational system able to handle
and analysis.

Table 2. Features and SMO the Selected Top-tier 3D reconstruction modeling software

Software System Specification Capability in
Reconstructing site
elements
‘ A ke] ) ©
— 0 >
) Nt RREERE: . 85| 25
[0} [0 = %]
b S £ L |8Se2 3% s £ So 215 85|23
o b o ZER2S |0t =0 e 513 |238|a3
b2 | & S |2 B8lo5=28 |85 £ = oo 88|55
5|5 £ 2| gEeT|zT Ao z 52|55 |86
@ S i SRS < | ) S |2 © CJ_Q
ala @ P ol =S o T |5 a8
F = a 3 O =
Dronedep . . . . . . ply, obj, fbx, pdf 3D,Windows, |Stand-alone, | = | = . .
p u3d, dae, pts, ptx, |Linux, Mac |Educational,
xyz, txt, oS Commercial
COLMAP =« | CUDA |CUDA| = . ply, vrml Windows, [Stand-alone | = .
only only Linux, Mac
oS
3DF+Zephyr . . . . . ply, obj, fbx, pdf 3D, Windows |Stand-alone, | = | = . .
u3d, dae, pts, ptx, Educational,
xyz, txt, las, e57 Commercial
Autodesk . . . | =|n . asc, cl3, clr, e57, fls,Windows  Web-based, .| = . .
Recap fws, isproj, las, pcg, Educational,
ptg, pts, ptx, rds, Commercial
txt, xyb, xyz, zfs,
zfprj
LiMapper . . . . Ply, Obj, Las Windows  |Stand-alone | = .
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PhotoModeler | = . . . . 3ds, 3dm, dxf, igs, Windows |Web-based, | = | = .
kml, kmz, las, ma, Educational,
ms, obj, pts, , facet, Commercial
iv, ply, stl, txt, wrl
3D Survey . . . . . obj, rcm, rcp/rcs Windows, |Stand-alone | = | = .
Linux, Mac
oS
AgiSoft . . . = e . obj, rcm, rep/res,  |Windows,  |Stand-alone, | = | = . .
Geo-TIFF Linux,Mac Floating,
0S Educational
Pix4D Mapper | = . . . obj, fix, dxf, las, las, Windows, |Stand-alone, | = | = .
kml, tif, osgb, slpk, macOs, Floating,
shp Android, Educational,
i0S Commercial | Wl .

Source: Authors.
Note: *DEM stands for Digital Elevation Model.

4. Discussion and Conclusion

Applying the UAV technology is dramatically growing and expanding i rious“gectors, such as
geology, archeology, disaster management, particularly architecturg uction management.
Meanwhile, UAV technology is applied for various dimensio modeling, safety,
inspection, transportation, survey, etc. Among these dimensi 3 is the principal function
of the UAV.

UAV’s 3D modeling has become demanding since it is ient, affordable, and cost-efficient
than satellites. Moreover, with a lot of software evelo , the 3D model can be created in a
short duration of time.

deviation of object coordinat
of independent references are essential Metrics for photogrammetry analysis. In this regard, they
perform specific steps; i) Ali d registration, i) Sparse point cloud Evaluation, iii) Camera pose
Evaluation, and iv) Densefpoine aluation. However, the implementation details and limitations
of 3D modeling pipel 2 “eading to the results' drastic strengths and weaknesses. Hence,

it is recommende eries of the pipeline using the same set of input images as the
control varfable: 3D reconstruction software can generate the quality 3D model of the
constructi impute images by the UAV that have acceptable qualities. On the other hand,

good quality (like the contrast of the image or the image's completeness), it
tthe lity of the 3D model. The thing that leads to this problem is the lighting intensity
and t tance of the captured image. In this regard, the researchers conduct trajectory analysis on
The researchers use trajectory controllers to manage the drone’s hover conditions to
convergence and stability against the reasonably small roll, pitch, yaw angles, and so
on. Some dynamic factors that make a trajectory are minimum and maximum speed, minimum and
maximum maneuvering radius, terrain collision avoidance, obstacle accident avoidance, air pressure,
airspeed, temperature, turbulence, and erratic behaviors. Handling these factors forces researchers
to optimize the UAV's trajectories through trajectory analysis techniques (such as cubic polynomials
and linear functions with parabolic blends) or acceleration analysis techniques (such as trigonometric
and exponential mathematical functions).

The research has investigated the UAVs’ 3D reconstruction modeling applications and found out they
can be clustered into nine (9) dimensions as follow; D1. Quality management, D2. Risk Management,
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D3. Site monitoring, D4. Project performance and progress control, D5. Facilities Management, D6.
Building Measurement, D7. On-Site Information Analysis, D8. Team Collaboration and communication,
and D9. Workers Training. The content analysis determined that building measurement and quality
management were the most expanded dimensions of UAV’s 3D reconstruction modeling in
architecture and civil engineering. On the contrary, the facilities management and workers training are
the dimensions that remain oversight and need major improvement and knowledge growth. In
addition, the research found that building measurement and quality management are the most rapidly
growing dimensions. These dimensions involve thirty-six (36) sub-dimensions. According to the
content analysis results, using inspection tools, using web-based VR, image-based 3D reconstruction
and meshing, and using AR are the most developed sub-dimensions. However, the following sub-
dimensions have substantial room for growth, using a WLAN-based AR system, usin
and BIM, using BIM2MAR, using game engine technologies, Geo-referencing, and using G ta, Image
segmentation and Orthophoto mapping, Using the wearable device and Using HD4,

Furthermore, the research has reviewed the top-tier 3D reconstruction mod
COLMAP, AgiSoft Photoscan, 3DF+Zephyr, Autodesk Recap, DroneDeploy, r, VisualSfMm,
and Pix4D), and synthesized them based on features of photogrammet cons tion generation,
capabilities in reconstructing site elements, and the required comp i stem’specification. As
each software has specific series of features and specifications to make a proper
software selection before starting their project. Therefore, t posed a set of software
selection scenarios that significantly aid architects and cont 5 on the most appropriate
software selection that fits their project plan, budget, an

The main approaches on software selection are i) So e sglection based on functionalities, ii)
i re selection based on specification.
Finally, by having the quality output fro construction professionals can input them
in project management software (sug lingfand Information Modeling), Primavera, etc.)
for further analysis and more accurg ss monltoring and scheduling.
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